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During the last decades there has been increasing evidence 
of the protective role of maternal thyroid hormones. This is 
evident not only in situations of severe iodine deficiency, but 
also in cases of milder iodine deficiency or in situations of 
hypothyroxinemia during pregnancy, where a decrease in the 
IQ of the progeny or attention deficit hyperactivity disorders 
(ADHD) have been described (Man and Serunian, 1976; 
Pharoah et al., 1984; Pop et al., 1999, 2003; Vermiglio et 
al., 2004). In Table 64.2 we summarize the situations in 
which brain damage has been associated with thyroid hor-
mone deficiency during development: iodine deficiency, 
CH, maternal hypothyroxinemia, combined maternal and 
fetal hypothyroidism, prematurity and thyroid hormone 
resistance syndromes. This list has increased during the last 
years considering situations, such as prematurity, where dep-
rivation of maternal thyroid hormones during the last part 
of gestation has negative effects on the neurological develop-
ment of the baby. Most of the effects of iodine deficiency 
during brain development are related to hypothyroxinemia 
of the mother, as will be explained below. For more infor-
mation, we refer to several reviews on the effects of iodine 
deficiency on brain development (DeLong, 1989; Morreale 
de Escobar et al., 1989, 1997, 2004; Morreale de Escobar 
and Escobar del Rey, 2003; Obregon et al., 2005).

The Maternal Transfer of T4 during 
Gestation: Experimental Studies

To understand the brain damage observed in neurological 
cretinism it is important to keep in mind the main find-
ings related to the presence and protective role of maternal 

thyroid hormones during development of the fetal brain. 
Early studies using radioiodine-labeled thyroid hormones 
injected into pregnant rats showed that the radioactive hor-
mones could be found in the fetal compartment (Myant, 
1958; Myant, 1965), confirming placental transfer of thy-
roid hormones from the mother to the fetus. T4 and T3 
were found in embryonic and fetal tissues (Obregon et al., 
1984a; Woods et al., 1984) before the onset of fetal thyroid 
function, as early as 4 days after implantation (Morreale 
de Escobar et al., 1985). These hormones are of maternal 
origin, as they become undetectable in the case of mater-
nal hypothyroidism (Morreale de Escobar et al., 1985) 
and the same is observed in fetuses from mothers fed low 
iodine diets (LID) (Escobar del Rey et al., 1986, 1987)  
(Figure 64.1). Nuclear T3 receptors are found in different 
fetal tissues, in the rat brain they are detected at 14 days of 
gestation (Pérez-Castillo et al., 1985), and in the neural tube 
they have been detected by in situ hybridization at 11.5 days 
of gestation (Bradley et al., 1992, 1994). The presence of 
the receptor might indicate the possibility of thyroid hor-
mone action at these early ages.

After the onset of fetal thyroid function, there is a clear 
increase in the fetal pools of T4 and T3 in the rat thy-
roid, and T4 increases about 10-fold in fetal plasma and 
tissues (Ruiz de Ona et al., 1991). Plasma T3 is very low 
during fetal life, but the generation of T3 in the fetal tis-
sues is variable depending on the ontogenic development 
of deiodinases in each tissue (Ruiz de Ona et al., 1991). 

In the fetal brain, D2 activity produces T3 nearly up to 
adult levels, and is able to respond to hypothyroidism very 
early (17 dg), even before the onset of fetal thyroid secre-
tion (Ruiz de Ona et al., 1988), indicating the priority of 
stable T3 production in the fetal brain.

After the onset of fetal thyroid function the maternal 
transfer of T4 continues until term and represents an impor-
tant percentage of the fetal thyroidal economy, about 20% 
of the total extrathyroidal pool in rat fetus at term (Morreale 
de Escobar et al., 1990), while in man it has been estimated 
to be about 50% (Vulsma et al., 1989). This maternal con-
tribution is particularly important in the case of thyroid 
failure of the fetus (athyreosis or ectopias), as the maternal 
T4 is able to cross the placenta, be converted into T3 and 
prevent T3 deficiency preferentially in the brain (Calvo et 
al., 1990). Experiments using hypothyroid rat dams on the 
goitrogen methylmercaptoimidazole (MMI) infused with 
increasing doses of T4 and T3 (Figure 64.2) showed that a 
physiological dose of 2.4 g T4 (per 100 g BW/day) infused 
into the dam normalizes fetal brain T3, even when T4 in 
the fetal brain is only 50% that found in control brain, and 
in the rest of the fetus both hormones are quite low. Most 
of the T3 present in the developing fetal brain is generated 
through local deiodination of T4, by the brain D2 deiodi-
nase (Ruiz de Ona et al., 1988; Calvo et al., 1990). Using 
this T4 dose, most of the other fetal tissues are hypothy-
roid. These experimental data are relevant in the case of 
CH, where the maternal T4 would avoid T3 deficiency in 
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the fetal brain, thus protecting the brain until birth. Note 
that the infusion of high T3 doses into the dams does not 
increase cerebral T3, and would not help to protect the fetal 
brain from damage. Thus, the fetus depends on an adequate 
supply of maternal thyroid hormones, specifically T4, for 
full brain development. Therefore, it would be of maximal 
importance to keep the thyroxinemia of pregnant women 
within the normal range.

Iodine Deficiency during Development

Our understanding of the defects found in iodine defi-
ciency derives from the study of animal models fed on 
LID of several degrees of iodine deficiency. In the adult 
rat, iodine deficiency is accompanied by adaptive changes 
in the thyroid with a preferential thyroidal secretion of T3 
that contributes to the maintenance of plasma T3, and 
is accompanied by low plasma T4 (Abrams and Larsen, 
1973; Santisteban et al., 1982). Under severe iodine defi-
ciency some tissues are hypothyroid, as measured by T4 
and T3 levels in tissues (Escobar del Rey et al., 1989) 
showing decreases in end points of thyroid hormone 
action, as some enzymes of the liver (-glycerophosphate 
dehydrogenase and malic enzymes) and in pituitary (GH) 
and in brain, including changes in the number and distri-
bution of the dendritic spines (Obregon et al., 1984b).

During gestation the situation is especially demanding as 
the iodine-deficient mother has hypothyroxinemia all through 
pregnancy (Escobar del Rey et al., 1986), even if plasma T3 is 
normal, and due to this hypothyroxinemia the mother is una-
ble to transfer enough T4 to the fetus during the first period 
of gestation (Figure 64.1). In addition, after the onset of fetal 
thyroid function, the fetus is unable to face its own demands 
due to the lack of iodine, the intrathyroidal synthesis of 

T4 and T3 is very low and the extrathyroidal pools are also 
low (Obregon et al., 1991). Fetal brain T4 is low and T3 in  
fetal brain keeps at very low levels (Figure 64.3) after the onset 
of fetal thyroid function, despite the large increase of D2 in  
the fetal brain (Obregon et al., 1991).

After birth, plasma T4 increases in the newborn, mainly 
due to a new source of iodine provided by the mother 
through the milk (Escobar del Rey et al., 1987). Iodine is 
actively concentrated in the milk, which acts as a vehicle to 
improve the thyroidal status of the newborn. There are small 
increases in the plasma T4, as well as in brain T4 (Obregon 
et al., 1991), which together with a large increase in D2 
activity in the brain are able to increase T3 in the brain of 
neonates up to normal levels (Figure 64.3). Therefore, the 
fetus is able to respond to iodine deficiency the same as the 
adult rat, but it is more sensitive to iodine deficiency due to 
its dependence on maternal T4.

Recent studies using in situ hybridization techniques using 
adult animals on iodine-deficient diets suggest that the pro-
duction of T3 is finely regulated by D2 (increased) and D3 
(decreased) in different areas of the rat brain (Peeters et al., 
2001), suggesting active mechanisms to maintain T3 levels 
within the normal range under iodine deficiency. Whether 
they are also active during fetal life remains to be seen.

The Human Brain Early in Gestation

Although for years it has been published that the human 
fetus develops in the absence of thyroid hormones, there is 
increasing evidence of the active transfer of maternal thy-
roid hormones from the mother to the human fetus.

The human thyroid gland synthesizes iodothyronines by 
the end of the first trimester, but it is not till the middle of 
gestation that thyroidal secretion starts. During the 1950s 
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Figure 64.2 Changes in the concentration of T4 and T3 in 21-day-old fetuses from normal (C) and MMI-treated dams, infused with 
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several studies demonstrated the presence in fetal circulation 
of radiolabeled iodothyronines injected into pregnant women 
before midgestation (Grumbach and Werner, 1956; Myant, 
1958). Thereafter, T4 and T3 were determined by highly sen-
sitive RIAs. In humans, maternal thyroid hormones are found 
in the fetus during the first trimester of pregnancy, and in fetal 
brain as early as 9–10 weeks of gestation (Bernal and Pekonen, 
1984). T3 is present in the fetal brain even when plasma T3 
is still undetectable. At this age nuclear T3 receptors are also 
present (Bernal and Pekonen, 1984) its occupation being about 
25%. Different T3 receptor isoforms have been described later, 
between 8 and 14 week of gestation (Iskaros et al., 2000).

Later on, using transvaginal ultrasound-guided punc-
ture of the embryonic cavities, T3, T4 and rT3 were found 
in the coelomic and amniotic fluids from 6 to 11 weeks 

 postconceptional age (Contempré et al., 1993). The T4 
concentrations were positively correlated with the mater-
nal plasma T4, though extremely low (Figure 64.4). A later 
study confirmed that the free T4 concentrations in the fetus 
increased during the first 20 weeks, reaching values near 
those of maternal T4 by midgestation (Calvo et al., 2002). 
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Thus the amount of T4 in the fetus is determined by the 
maternal circulating free T4. The amount of T3 is very 
low and that of rT3 is high due to the presence of high D3 
activity in the placenta and also in the skin and fetal tissues 
(Huang et al., 2003).

In a recent study, the ontogenic patterns of T4, T3, 
rT3 and the deiodinases D2 and D3 activity have been 
studied in several cerebral areas from fetuses of 13 to 20 
weeks (postmenstrual age) and in premature infants that 
died at 24–42 weeks (postmenstrual age) (Kester et al., 
2004). There are clear temporal and spatial patterns of 
development for the deiodinases and the concentrations of 
iodothyronines (Figure 64.5). T3 increases in the cerebral 
cortex to levels comparable to those reported in adults by 
the middle of gestation (Calvo et al., 1998). D2 activity 
increases in parallel in this region, while D3 activity is very 
low. On the contrary, cerebellum exhibited high D3 activi-
ties that decreased toward midgestation, while T3 was very 
low in the fetal cerebellum. Other cerebral areas were also 
examined. This study confirms the importance of both D2 
and D3 deiodinases for the bioavailability of T3 in specific 
brain regions of the human fetus at precise periods of brain 
development.

In areas of iodine deficiency Karmarkar et al. (1993) 
found D2 activity in human cerebral cortex at 11–14 
weeks gestational age, which did not respond to a decrease 
in maternal T4 caused by iodine deficiency. To which 
extent this indicates that a delay in the capacity of D2 to 
respond to hypothyroidism or the T4 levels in the brain 
should be much lower to observe increases in D2 activity 
remains to be studied.

Neurological Abnormalities in  
Iodine Deficiency

Several neurological abnormalities have been demonstrated 
in children living in areas of severe iodine deficiency in 
China. Treatment with iodine prior to or during the first 
trimester of gestation decreased the neurological abnormali-
ties from 9 to 2% (752 untreated versus 120 iodine-treated 
infants), microcephaly decreased from 27 to 11%, and the 
developmental quotient increased from 75 to 90 (DeLong, 
1989; Cao et al., 1994). Treatment with iodine during the 
third trimester did not improve the neurological outcome.

With respect to experimental studies in rats born from 
mothers with severe iodine deficiency, several neurological 
abnormalities have been demonstrated. The progeny 
has susceptibility to audiogenic seizures, associated with 
irreversible hearing defects, similar to those found in  
neurological cretinism. Several areas of the brain, such as the 
cerebral cortex, hippocampus and cerebellum, present mor-
phological abnormalities (Martinez-Galan et al., 1997).

In recent experiments, dams were fed with a LID or 
treated with the goitrogen methimazole (MMI) for only  

3 days starting at the onset of fetal neocorticogenesis. 
Pups showed alterations in radial and tangential neuronal 
migration causing the presence of ectopic neurons in the 
subcortical white matter and blurred lamination in the 
neocortex (Lavado-Autric et al., 2003; Auso et al., 2004). 
T4 treatment prevented neurological damage only when it 
was started 1 day after the induction of hypothyroxinemia, 
but not later. This indicates the existence of a very narrow 
window in which irreversible brain damage occurs. These 
studies also stress the importance of maintaining normal 
levels of maternal thyroid hormones, especially circulating 
T4, during early pregnancy and all through gestation, for 
normal neurodevelopment of the progeny.

In humans, neocortical development occurs between 
the 6th and 24th week of gestation, and cortical cell migra-
tion occurs between the 8th and 24th week (Marin-Padilla, 
1978), mostly before the onset of fetal thyroid hormone 
secretion that occurs at midgestation. In the rat, neocorti-
cogenesis begins by embryonic day 13 (E13) and the major 
part of the process occurs between E14 and E19. In addi-
tion, postnatal development and maturation of the CNS is 
longer in humans than in rats. Thus, despite differences in 
timing of neurodevelopmental events between humans and 
rats, similarities may be established when onset of fetal thy-
roid gland secretion is taken as a reference point. Two main 
waves of cell migration occur in the human neocortex, which 
take place during the first half of gestation, with peaks at 11 
and 14 weeks of gestational age (about 9 and 12 weeks fetal 
age, respectively) (Marin-Padilla, 1978), roughly correspond-
ing to the ones we studied in rats (Lavado-Autric et al., 2003; 
Auso et al., 2004; Cuevas et al., 2005).

We think that cell migration could be deranged in the 
progeny of mothers who have been hypothyroxinemic 
during the first half of pregnancy. These alterations may be 
the underlying cause of the decreased mental development 
described in the progeny of children born in areas of mild 
and moderate iodine deficiency (Vermiglio et al., 2004), 
whose mothers are hypothyroxinemic without being clini-
cally or subclinically hypothyroid. In fact, heterotopic 
cells have been described in the neocortex of therapeuti-
cally aborted human fetuses from an iodine-deficient area 
(Liu et al., 1984). These studies have reported neocortical 
ectopic neurons and an abnormal cytoarchitecture similar 
to that we found in rats.

Epidemiological studies carried out in The Netherlands 
(Pop et al., 1999, 2003) and in the US (Haddow et al., 
1999) have shown neurological alterations in children 
from hypothyroxinemic mothers. About 10% of pregnant 
women had circulating levels of T4 below the tenth percen-
tile of the normal range during the first half of pregnancy. 
At least 50% of the progeny showed delayed psychomotor 
development and an IQ that was 10–15 points below the 
normal mean values. Similar findings have been reported in 
a study performed in Italy (Vermiglio et al., 2004) in two 
villages, one of which was mild to moderate iodine-deficient 
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and the other (control village) was iodine-sufficient. The 
children were studied at 18–26 months and when they 
were 8–10 years old. Children from the hypothyroxinemic 
mothers had a lower IQ than controls, with a positive cor-
relation between maternal T4 during the first half of gesta-
tion and IQ score. They found that 68.8% (11 out of 16) 
of the offspring of the mothers who had been hypothyrox-
inemic early in pregnancy presented with (ADHD) none 
of the children from the control area had ADHD. No signs 
of clinical or subclinical hypothyroidism were observed 
in the mothers who were hypothyroxinemic during early 
pregnancy and in all cases their children were euthyroid at 
birth. Although the number of children was small, the dif-
ference between the hypothyroxinemic and control women 
was highly significant statistically. This study establishes 
a causal relationship between a mild-moderate maternal 
hypothyroxinemia early in gestation (due to mild-moder-
ateiodine deficiency) and neurodevelopmental deficits in 
the progeny.

Mild maternal hypothyroxinemia may be quite frequent, 
because their low circulating T4 levels may be within the 
normal range and these women are not diagnosed as 
hypothyroid, because their circulating TSH is not increased. 
However, although hypothyroxinemic women can synthe-
size and secrete enough T3 to cover their own necessities, 
the amount of T4 available for the fetus is insufficient for its 
development. We should remember that the most frequent 
cause of maternal hypothyroxinemia is an iodine intake too 
low to meet the increased demands of pregnancy.

Summary Points

l Neurological cretinism is caused by severe iodine defi-
ciency during pregnancy and is characterized by severe 
mental retardation and neurological and motor abnor-
malities; it can be corrected by the administration 
of iodine before conception. The clinical features of 
 cretinism and CH are different.

l The neurological abnormalities observed in neurologi-
cal cretinism seem to be caused by maternal hypothy-
roxinemia during the first period of brain development,  
early in pregnancy. In iodine deficiency the mater-
nal plasma T4 is low, even if plasma T3 and TSH are 
normal.

l Maternal transfer of T4 during gestation has a protective 
role during the development of the fetal brain, as most 
of the T3 in the fetal brain is locally produced from T4 
by D2 deiodinase.

l Development of the neocortex can be affected by short 
periods of maternal hypothyroxinemia, before the onset 
of fetal thyroid function. Therefore, to maintain normal 
thyroxinemia in the mother is of maximal importance 
to maintain normal T3 levels in the fetal brain.
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Abstract

Iodine is an essential trace element for the synthesis of 
thyroid hormones, which have been shown to be abso-
lutely necessary for the development of the fetal brain 
during intrauterine life, starting from the second half of 
gestation. Most studies show that iodine deficiency and 
maternal–fetal hypothyroxinemia have negative effects on 
fetal neural maturation, dendritic arborization and syn-
aptic formation. They delay the myelinization process and 
gliogenesis, which start in the second half of gestation and 
continue in postnatal life. Altered levels of iodine are cor-
related with defective brain development and neuronal 
maturation. Various degrees of irreversible neurocogni-
tive defects that are caused by severe iodine deficiency, and 
subsequent maternal and fetal hypothyroxinemia are well-
known. Recent studies further showed that, even in cases 
without clinical hypothyroidism, maternal hypothyrox-
inemia due to mild-to-moderate iodine deficiency would 
lead to fetal brain damage that could be reversed with early  
thyroxine therapy. Magnetic resonance spectroscopy (MRS) 
is a sensitive technique that detects alterations in brain 
metabolite levels in various neurodevelopmental disorders. 
Of these metabolites, N-acetyl aspartate (NAA) is exclusively 
present in neurons and their axons, and is therefore used to 
predict neuronal function and myelin maturation. Cerebral 
NAA level has been shown to decrease in almost all neuronal 
diseases, and is therefore extensively used in the evaluation 
of various demyelinizating and degenerative brain disorders. 
Choline (Cho) is the next most important cerebral metab-
olite, which reflects the rate of membrane turnover. Of 
many cerebral metabolites, only creatine (Cr) appears to be  
constant under various metabolic conditions; therefore, it 
is used as a reference value in semiquantitative assessments 
(e.g., a decreased NAA/Cr ratio is interpreted as a decline 
in NAA level). In untreated hypothyroidism, NAA/Cr ratio 
decreases, whereas Cho/Cr ratio increases. These ratios 

normalize with appropriate thyroxine therapy. Recently, 
intrauterine hypothyroxinemia due to iodine deficiency 
was also shown to cause a significant decrease in NAA/Cr  
ratio in neonates with hypothyroidism. Early thyroxine ther-
apy caused normalization of NAA levels in these neonates.

Abbreviations

ADP Adenosine diphosphate
ATP Adenosine triphosphate
Cho Choline
CNS Central nervous system
Cr Creatine
FT4 Free T4
FWM Frontal white matter
1H Proton
ICCIDD  International Council for Control of 

Iodine Deficiency Disorders
MR Magnetic resonance
MRS Magnetic resonance spectroscopy
MUI Median urinary iodine
NAA N-acetyl aspartate
ppm Parts per million
PWM Parietal white matter
TE Echo time
TSH Thyroid-stimulating hormone
TT3 Serum total T3
TT4 Serum total T4
TTvol Total thyroid volume
UNICEF  United Nations International 

Children’s Emergency Fund
Voxel Volume element, sampling volume
WHO World Health Organization
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Introduction

Iodine and thyroid hormones affect all stages of human 
development, from in utero life to adulthood. Iodine 
deficiency leads to insufficient production of thyroid hor-
mones, which play a vital role in the process of early growth 
and development of many organs. During pregnancy, 
both maternal and fetal thyroid hormones are required 
for normal fetal brain development. Of them, maternal 
hormones constitute the main source in the first and the 
second trimesters, whereas the contribution of fetal hor-
mones becomes more important in the third trimester (de 
Escobar et al., 1985; Vulsma et al., 1989). Many studies 
indicate that iodine deficiency and iodine-induced mater-
nal–fetal hypothyroxinemia result in impairment of central 
nervous system (CNS) development during fetal and early 
postnatal life.

Iodine deficiency is one of the major causes of preventable 
mental retardation. When severe enough to impair thyroid 
hormone synthesis during critical periods of brain develop-
ment, it may induce irreversible brain damage, with con-
sequent mental retardation and psychomotor disabilities  
(de Escobar et al., 2000, 2004). In infants of hypothy-
roxinemic, but clinically euthyroid mothers, who live 
in mild-to-moderate iodine deficiency areas, minimal  
brain damage may occur in the prenatal period. Although 
born in a euthyroid state, these neonates may develop neu-
rocognitive changes in their later life (Haddow et al., 1999; 
Pop et al., 1999; de Escobar et al., 2000).

A diverse range of cerebral parenchymal pathologies 
may be investigated with magnetic resonance spectros-
copy (MRS), an advanced imaging method that reveals 
the presence and level of various brain metabolites. Brain 
damage that occurs in hypothyroidism with delayed diag-
nosis or unsuccessful treatment was shown to cause sig-
nificant changes in these metabolites (Jagannathan et al., 
1998). It has been demonstrated recently that, in neonates 
with hypothyroidism due to intrauterine iodine deficiency, 
these MRS alterations could be reversed with early thyroxine 
therapy (Akinci et al., 2006).

Iodine Deficiency and 
Hypothyroxinemia

Iodine deficiency: general aspects

Iodine deficiency or iodine deficiency disorders are one 
of the biggest worldwide public health problems. In 
1990, 1.6 billion people, which constitutes nearly one-
third of the world’s population, were at risk of iodine 
deficiency disorders (Delange, 1994). These disorders 
include not only endemic goiter with impaired thyroid 
functions, but also increased perinatal mortality, growth 
retardation, and impaired cognitive development. The 
most important consequence of severe iodine deficiency 

on cerebral and physical development is endemic cretin-
ism. In geographical areas with mild-to-moderate iodine 
deficiency, psychomotor and cognitive impairment may 
be observed (Glinoer and Delange, 2000). These abnor-
malities may be prevented by providing normal iodine 
supply to mothers before pregnancy, and to neonates and 
infants during the critical period of brain development 
(Delange, 2001).

The World Health Organization (WHO), the United 
Nations International Children’s Emergency Fund 
(UNICEF), and the International Council for Control of 
Iodine Deficiency Disorders (ICCIDD) have defined three 
degrees of severity of iodine deficiency: mild (iodine intake 
of 50–99 g/day), moderate (20–49 g/day), and severe 
(20 g/day) (WHO/UNICEF/ICCIDD, 1994). Severe 
iodine deficiency was eradicated from many parts of the 
world, but milder forms still exist and may escape detec-
tion. Thirty-two European countries were still affected 
by mild-to-severe iodine deficiency in the late 1990s 
(Delange, 2002). Turkey is one of these mild-to-moderate 
iodine-deficient areas (Yordam et al., 1999).

Countries where iodine deficiency has been recognized 
have introduced national programs of iodine supplemen-
tation. In places where iodine sufficiency is assumed, and 
a supplementation program is not carried out, pregnant 
women and their fetuses may be at risk.

Thyroid hormones and neurogenesis

Most studies show that iodine deficiency and maternal–fetal 
hypothyroxinemia have negative effects on fetal neural 
maturation, dendritic arborization and synaptic formation. 
It also significantly delays axonal myelinization and glio-
genesis, which starts at the third trimester and accelerates 
in the postnatal period. Recent studies have clearly dem-
onstrated the necessary role of maternal thyroxine in early 
neurogenesis (de Escobar et al., 2004; Bernal, 2005).

Thyroid hormones in the placenta, embryonic cavities 
and early fetal tissues are of maternal origin. Their concen-
trations are related to their levels in maternal circulation 
until fetal thyroid starts to function. Maternal T4 is found 
in embryonic cavities as early as 6 weeks of gestation. 
Free T4 (FT4) steadily increases during the first trimes-
ter and reaches biologically relevant values that correlate 
with maternal T4 concentration (Contempre et al., 1993; 
Glinoer, 2001). T3, generated from T4, was quantified in 
purified extracts of human fetal brain at nearly 9–10 weeks 
of gestation. Nuclear T3 receptors can be identified in 
the brain of 10-week-old human fetuses; they increase by 
more than six-fold by 12 weeks and 10-fold by 16 weeks, 
long before fetal thyroid fully functions (Bernal et al., 
1984; Ferreiro et al., 1988). This time course corresponds 
to the maximum growth velocity of brain structures 
regarding neuronal multiplication, migration and organi-
zation that occur in the early second trimester (Oklund 
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and Timiras, 1977). T3 deficiency causes striking abnor-
malities in neuronal migration, neuronal differentiation, 
outgrowth of neuronal processes, synaptogenesis, myeli-
nization, glial proliferation and neuronal death (Legrand, 
1984; Anderson, 2001). Perinatal T3 deficiency leads to 
severe cellular perturbations regarding Purkinje cell dif-
ferentiation and dendritic arborization. In vitro studies 
have shown that T3 acts on Purkinje cells directly through 
thyroid hormone receptors, TR1, that are expressed on 
them (Kimura-Kuroda et al., 2002). Thyroxine affects not 
only the development of Purkinje cells, but also the shape 
of other neural cells such as small interneurons, granule 
cells and astrocytes. The effect of T4 was confirmed by an 
inhibition experiment with amiodaron, a pharmacological 
agent that induces thyroid dysfunction (Ha et al., 2000). 
In vivo and in vitro studies have revealed the effects of  
thyroid hormones on oligodendrocyte maturation (Ahlgren 
et al., 1997; Ibarrola et al., 1996). Although we have some 
information on the full effects of thyroid hormones on cer-
ebral neurogenesis, the above-mentioned findings suggest  
that if the developing brain is not exposed to sufficient 
thyroid hormones during early pregnancy, cerebral neu-
rogenesis may be adversely affected. Thyroid hormones 
also regulate axonal myelinization and gliogenesis, which 
begin in late gestation and continue during postnatal life 
(Porterfield and Hendrich, 1993).

Thyroid hormone deficiency during the development of 
CNS alters nerve cells, such as the pyramidal and Purkinje 
cells, and induces glial cell proliferation and differentia-
tion. Under such conditions, neurons become hypoplastic, 
and have reduced axonal count, dendritic branching, syn-
aptic spikes and interneuronal connections.

Maternal hypothyroxinemia due to Iodine 
deficiency: effects on fetal neurocognitive 
development

In the early stage of pregnancy, before fetal thyroid begins 
to synthesize its own hormone at approximately 10–12 
weeks of gestation, the mother is the only source of thyroid 
hormones to the fetus. During this period, maternal thy-
roid hormone is essential for normal neurological develop-
ment of the fetus, and T4 insufficiency causes irreversible 
fetal brain damage (Delange, 1994). Therefore, the most 
severe damage may be expected to occur when the mother 
and the fetus are both hypothyroxinemic throughout the 
pregnancy.

After the initiation of fetal thyroxine synthesis, transfer 
of thyroid hormones from the mother to the fetus does 
not stop, but continues until birth. During that period,  
20–50% of cord serum thyroxine is composed from maternal 
supply (de Escobar et al., 1990; Vulsma et al., 1989). Several 
clinical syndromes attributable to iodine deficiency vary 
according to the timing and the severity of the deficiency. 
It has been shown that neurodevelopmental disorders in 

endemic iodine deficiency, in which the mother and fetus 
both have thyroid hormone deficiency, are more severe 
than those in children having only fetal thyroid hormone 
deficiency (de Long, 1989; De Zegher et al., 1995; Van 
Vilet, 1998; de Escobar et al., 2000). Furthermore, severe 
maternal hypothyroxinemia occurring in the first half of 
gestation results in dramatic and irreversible neurological 
deficit in the offspring. When maternal hypothyroxinemia 
occurs later, it results in much less severe, and also partially 
reversible, fetal brain damage (Utiger, 1999; de Escobar  
et al., 2000).

During the first half of gestation, severe maternal 
hypothyroidism that is caused by severe iodine deficiency 
may result in irreversible fetal neurological deficit. This is 
known as neurological cretinism, and is characterized by 
severe mental retardation, accompanying deaf mutism, 
spastic diplegia and no hypothyroidism. Myxoedematous 
or hypothyroid cretinism, a less common variant, is char-
acterized by severe hypothyroidism and growth failure. It 
has been shown that both conditions can be prevented by 
correcting iodine deficiency during, optimally before, preg-
nancy (Hollowell et al., 1998). It has also been shown that 
early iodine supplementation not only prevents the birth 
of cretins, but also helps to protect the mental functions 
of noncretin infants in iodine-deficient areas. In the case 
of congenital hypothyroidism due to isolated fetal thyroid 
failure, the amount of maternal T4 reaching the fetal brain 
is sufficient to prevent fetal cerebral T3 deficiency until the 
umbilical cord is severed at birth. Maternal supply explains 
why most athyreotic newborns do not usually show any 
signs of hypothyroidism at birth.

Children with congenital hypothyroidism, diagnosed 
in the first week of life by neonate screening programs, 
have a better developmental outcome than children who 
are diagnosed after symptoms and signs of hypothyroidism 
become manifest. Unless iodine deficiency is present, the 
brain damage in congenital hypothyroidism is prevent-
able by early postnatal treatment, because normal mater-
nal thyroxine circumrents damage to the brain until birth 
(Bargagna et al., 2000; Bongers-Schokking et al., 2000). 
However, despite the early start of thyroxine therapy, cog-
nitive deficits may still develop in congenital hypothy-
roidism (Derksen-Lubsen and Verkek, 1996; Heyerdahl 
and Oerbeck, 2003). The pathophysiological mechanism 
behind this latter case is not clearly understood, but such 
children are assumed to be exposed to varying degrees of 
maternal hypothyroxinemia with clinical euthyroidism 
in prenatal life (Pop et al., 2003; Kooistra et al., 2006). 
Recent studies point to endangered neuropsychological 
development that is caused by minor degrees of maternal 
hypothyroxinemia during the first half of gestation. This 
state is characterized by low maternal thyroxine concen-
tration and normal thyroid-stimulating hormone (TSH) 
level in areas where adequate iodine sufficiency is assumed 
(Pop et al., 1999, 2003; Kooistra et al., 2006). If maternal  
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hypothyroxinemia is corrected within the first half of ges-
tation, neuropsychological development does not become 
adversely affected (Radetti et al., 2000; Pop et al., 2003; 
Kasatkina et al., 2006).

The above-mentioned facts form the basis of a new  
concept of the adverse effects of not only maternal 
hypothyroidism, but also maternal hypothyroxinemia 
without overt hypothyroidism, on fetal brain develop-
ment. This concept focuses on the necessity for therapeu-
tic correction of maternal hypothyroxinemia detected in 
pregnancy. MRS, a quantitative laboratory and imaging 
technique, may be used to show the effects of hypothyrox-
inemia due to iodine deficiency and its correction in the  
human brain in an objective manner.

Magnetic Resonance Spectroscopy

The clinical symptoms and imaging features of degenera-
tive brain disorders presenting during childhood tend to 
be nonspecific. Therefore, a noninvasive method that 
could provide an early diagnosis and could be used to  
follow-up with these children is desirable.

MRS is an advanced magnetic resonance (MR) technique 
that has the ability to detect numerous metabolites non-
invasively. Although MRS provides valuable information 
about the biochemical status of many diseases in humans, 
most applications are still elusive. One of the main areas 
where this technique serves as more than a research tool 
is cerebral metabolic diseases of childhood. Childhood 
iodine deficiency is another novel experimental and clini-
cal area where such an application may be valuable to 
detect potential damage, its progression and its reversal by 
treatment (Akinci et al., 2006).

During the last decade, MRS examination received only 
scant attention from the clinical community. This was 
partly because MRS did not produce anatomic images, 
but resulted in graphs, and it could only be obtained with  
dedicated units and software (Castillo et al., 1996).  
At present, MRS may be carried out at almost all clinical 
MR units with a field strength of 1.5 T or higher and in  
time periods as short as 10–15 min. Therefore, it may 
be added to routine MR imaging studies without sig-
nificant time penalties to obtain information on tissue 
characterization.

Basic principles of MRS

In 1950, Proctor and Yu proposed that the resonance fre-
quency of a nucleus depends on its chemical environment, 
which produces a small, but perceptible, change in the 
resonance frequency of that nucleus. This nuclear behavior 
is termed “chemical shift” and is caused by the magnetic 
fields generated by circulating electrons surrounding the 
nuclei interacting with the main magnetic field.

Protons (1H) have been traditionally used for MRS 
because of their high natural abundance in organic  
structures and high nuclear magnetic sensitivity compared 
to other magnetic nuclei. Moreover, diagnostically resolv-
able hydrogen MRS may be obtained with clinical instru-
ments (1.5 T or greater) and routine receiving coils.

MRS technique and methodology

Protons that have been exposed to a uniform mag-
netic field receive a radio frequency pulse that tilts them 
down. When this pulse is turned off, the nuclei return 
to their original position. The receiving coil detects the  
voltage variations at many points in time during this recov-
ery period. This voltage variation is termed free induc-
tion decay, and may be plotted as an exponential decay  
function (i.e., intensity of the electric field versus time) to 
yield time domain information. Fourier transformation 
of this information yields information on the frequency 
domain, namely, a plot of peaks at different resonance  
frequencies (for more details, refer to NessAvier, 1997). 
The parameters that characterize each peak include its  
resonance frequency, its height, its integral and its width 
at half-height. The resonance frequency position of each 
peak on the plot is dependent on the chemical environ-
ment of that nucleus, and is usually expressed as parts per 
million (ppm) from the main MR frequency of the system 
used (i.e., chemical shift). The height (maximum peak 
intensity) or the area under the peak (integral) may be  
calculated to yield relative measurements of the concentration 
of protons.

Artifacts introduced by magnetic field inhomogeneities 
may result in distortion of the line width of the peaks and 
decreased ability to resolve them. Therefore, a homogenous 
magnetic field is an important prerequisite to obtain “resolv-
able” spectra. Shimming the field in the region of interest 
to the resonance of water assures the homogeneity of the 
field. The water line width should be less than 0.2 ppm after 
shimming. Because the signal from the water peak is very 
large compared with that of other metabolites, it needs to 
be suppressed for adequate visualization of other peaks.

For clinical purposes, the sampling volume (voxel)  
generally varies between 1 and 8 cm3, but in pediatric 
patients with small cerebral size it may be as small as 1 cm3 
to restrict sampling to the tissue of interest. However, 
smaller voxels contain smaller amounts of tissues and  
produce lower signal-to-noise ratios. Although this ratio 
can be improved by increasing the number of signals aver-
aged, this procedure significantly increases the scanning 
time. As a rule of thumb, a voxel should therefore include 
as much of the abnormality as possible and little (generally 
less than 20% of the voxel size) normal surrounding brain.

Although most modern clinical MRS units are capa-
ble of echo times (TEs) as short as 20 ms, adequate MR 
spectra may be obtained with TEs as long as 136–272 ms. 
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Using long TEs, the signal from most metabolites in the 
brain is lost, except that of choline (Cho), creatine (Cr), 
N-acetyl aspartate (NAA) and lactate (Miller, 1991). 
Conversely, short TEs allow for identification of many 
other metabolites (e.g., myoinositol, glutamate, glutamine 
and glycine).

The analysis of the spectrum starts with visual or auto-
matic identification of the peaks and subsequent labeling 
according to the below-mentioned criteria. Quantification 
is usually performed with simple measurements of peak 
intensities, peak width at half-height and at the 10% 
level and peak integral. The quantitative values are cor-
rected against the values obtained for Cr peaks, and then 
compared with the normal spectra obtained from healthy 
individuals, or healthy brain parenchyma of the subject if 
present.

Brain metabolites in MRS

Signals that are visible in the spectrum are from small 
metabolites that are present in the cell in millimolar 
(mM) concentrations. The brain spectrum shows promi-
nent peaks at given resonances in Hz or ppm (Howe et al., 
1993; Castillo et al., 1996) (Table 65.1).

Creatine Cr has its major peak at 3.0 ppm. It contains 
contributions mainly from Cr and its phosphorylated form 
phosphocreatine. An additional peak for Cr may be visible 
at 3.95 ppm. Therefore, the Cr peak is sometimes referred 
to as total Cr. Phosphocreatine has the role of an energy 
buffer in adenosine triphosphate (ATP) and adenosine 
diphosphate (ADP) reservoirs. ATP is a high-energy phos-
phate, which is used in all cells for energy-consuming tasks.  

Phosphocreatine can supply phosphate to convert the 
breakdown product ADP back to ATP. Therefore, Cr is 
increased in hypometabolic states and decreased in hyper-
metabolic states (Castillo et al., 1996). In normal spectra, 
Cr is located to the immediate right of Cho and is the 
third-highest peak. Because this peak at 3.0 ppm remains 
fairly constant at 6–12 mM in normal brain and even in 
diseased states, it may be used as concentration reference.

Choline Cho has its combined peak at 3.2 ppm. It con-
tains contributions from phosphatidylcholine, phospho-
choline and glycerophosphocholine. These compounds 
are important intermediates of phospholipid metabolism 
which is involved in building cell membranes. They there-
fore reflect membrane turnover. Enhanced cell growth can 
be accompanied by an increase in these intermediates.  
Cho is also a precursor for acetylcholine, which is a criti-
cal neurotransmitter involved in memory, cognition and 
mood (Miller, 1991).

N-Acetyl Aspartate The presence of NAA is attributable 
to its N-acetyl methyl group, which resonates at 2.0 ppm. 
This peak also contains contributions from less-important 
N-acetyl groups, such as N-acetylaspartylglutamate, which 
resonates at 2.05 ppm. In normal spectra, NAA is the larg-
est peak. Although this metabolite is the most abundant 
metabolite in mammalian brain, and the most extensively 
studied peak at MRS, it was never mentioned in biochem-
istry textbooks before its discovery with in vivo MRS.

The exact role of NAA in the brain is still unclear. It 
is an important cellular osmolyte, a storage vehicle for 
aspartate and glutamate, and a metabolic precursor of the 
excitatory dipeptide N-acetylaspartylglutamate. It possibly 

Table 65.1 Major cerebral metabolites in proton magnetic resonance spectroscopy

Metabolite Abbreviation Resonance (ppm) Physiological significance Pathological alterations

N-acetyl aspartate NAA 2.0 and 2.05 Largest peak in normal spectra Decreases in most cerebral  
 insults, including degenerative  
 diseases

Marker for functional neurons (reflects  
 neuronal and axonal integrity)

Decreases in hypothyroidism

Increases with age Increases only in Canavan  
 disease

Choline Cho 3.2 Marker for membrane turnover Increases in enhanced cell  
 growth (e.g., tumors)

Precursor for transmitter acetylcholine Increases in many diseases, such 
 as degenerative processes

Decreases with age Increases in hypothyroidism
Creatine Cr 3.0 and 3.95 Reference marker for other peaks Increases in hypometabolism

Constant in various metabolic  
 diseases, including hypothyroidism

Decreases in hypermetabolism

Note: Three major metabolites that are detected with magnetic resonance spectroscopy in the human brain. These metabolites are 
located at given resonance points of a parts per million (ppm) scale. Physiological significance of these metabolites and their alterations 
in various diseases and hypothyroidism are listed.
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gets involved in neuronal-glial signaling, is likely to partic-
ipate in myelin formation and serves as a molecular pump 
(Baslow, 2003).

Many studies have shown NAA to be a good neuronal 
marker and, as such, its concentration (5–15 mM) decreases 
with many injuries to the brain. Only functional neurons 
contain this metabolite. Metabolic disorders in childhood 
show low NAA/Cr ratios (Fırat et al., 2006). The lowest 
ratios are found in children with severe atrophy and white 
matter changes (Brockmann et al., 1996). Similar findings 
are also present in children with neuronal degenerative dis-
orders. Recently, Akinci et al. (2006) have demonstrated 
the presence of decreased NAA/Cr ratios in neonates with 
congenial hypothyroidism. Patients with childhood adre-
noleukodystrophy have decreased NAA/Cr ratios and 
increased Cho/Cr ratios (Tzika et al., 1993).

There is evidence that the concentration of normal 
metabolites in the brain varies according to the patient’s 
age (van der Knaap et al., 1990; Kreis et al., 1993). This 
variation is more noticeable during the first three years of 
life, but may be seen up to 16 years of age (van der Knaap  
et al., 1990). The most striking variation is an increase in 
the NAA/Cr ratio and a decrease in the Cho/Cr ratio as 
the brain matures (Figure 65.1). These changes may reflect 
neuronal maturation and an increase in the number of 
axons, dendrites and synapses.

Brain MRS Findings in Neonates  
with Hypothyroidism due to 
Intrauterine Iodine Deficiency:  
A Representative Study

As stated above, MRS provides a noninvasive diagnostic 
tool for the biochemical characterization of pathophysiolog-
ical processes in the brain. Therefore, in a recent study by 
Akinci et al. (2006), MRS was used to detect the changes 
in brain metabolites of neonates with hypothyroidism, born 
to mothers living in iodine-deficient areas before and after 
thyroxine replacement therapy.

In that study, NAA, Cho and Cr were measured in fron-
tal white matter (FWM), parietal white mater (PWM) and 
the thalamus of the eight full-term neonates with hypothy-
roidism. They were 5–7 days of age, and were born to 
mothers living in iodine-deficient areas. Their mothers had 
not received iodine supplementation in the pregestational 
or gestational period. A repeat MRS examination was per-
formed after 8 weeks of thyroxine therapy. Metabolite lev-
els of these patients were compared to levels obtained from 
eight full-term age-matched healthy neonates of mothers 
who had been using iodine-supplemented salt since the 
pregestational period.

Serum total T4 (TT4), FT4 and TSH levels of the 
neonates and serum total T3 (TT3), TT4 and TSH levels  
of their mothers were measured. All the neonates with 
hypothyroidism had hormonal findings that were diagnos-
tic of hypothyroidism. After 8 weeks of thyroxine therapy, 
euthyroidism was achieved in all the hypothyroid neonates 
(Table 65.2). The borderline elevation of TSH levels, accom-
panied by increased TT3 and near-normal TT4 levels,  
indicated the presence of subclinical hypothyroidism in the 
mothers of neonates with hypothyroidism (Table 65.3)

The median urinary iodine (MUI) concentration  
provided a measure of the current nutritional status  
of iodine. MUI was performed in spot urine samples 
obtained from all mothers and their neonates 5 days after 
delivery, by using the Sandell–Kolthoff reactions. Decreased 
MUI excretion of both neonates with hypothyroidism 
and their mothers was classified as mild-to-moderate  
iodine deficiency according to the WHO criteria. The 
mean total thyroid volume (TTvol) of the neonates and 
their mothers was increased on ultrasonography, whereas 
no palpable thyroid tissue was detected on physical exami-
nation (Table 65.3).

All hypothyroid and healthy neonates underwent cra-
nial MRS study between days 5 and 7 of life, just before 
thyroxine therapy, and this procedure was repeated after 8 
weeks of thyroxine therapy in the neonates with hypothy-
roidism and 8 weeks after the first scanning in the healthy 
neonates. Cranial MRS was performed on a 1.5 T scan-
ner. Single-voxel spectroscopy was performed in all the 
hypothyroidand healthy neonates by using a point-resolved 
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Figure 65.1 Major metabolite peaks and age-dependent 
changes in MR spectra of brain in healthy subjects. Spectra are 
plotted on a chemical-shift x-axis in parts per million (ppm). On 
this axis, each metabolite has a unique location. For each age 
group three distinctive peaks (Cho, Cr and NAA) are recognized. 
As shown in the figure, NAA level tends to increase with age, 
whereas Cho level decreases.
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spectroscopy sequence (TR/TE  2000/136 ms) with 128 
averages. Voxels with size 15  15  15 mm were placed 
at locations in FWM, PWM and the thalamus. The mag-
nitude spectra were processed automatically by curve- 
fitting procedures to determine the resonance areas of  
NAA, Cr and Cho. Resonances were assigned as follows: 
NAA, 2.0 ppm; Cr 3.02 ppm; Cho, 3.2 ppm. Peak area 
metabolite ratios (NAA/Cr, Cho/Cr) were calculated.

When compared with age-matched healthy neonates, 
hypothyroid neonates had lower NAA/Cr ratios in their 
PWM and thalamus before treatment (p  0.05) (Figure 

65.2a, c). Interestingly, both groups did not differ signifi-
cantly with regard to FWM NAA/Cr ratios (Table 65.4).  
After a thyroxine treatment for 8 weeks, NAA/Cr ratios 
in PWM and the thalamus were increased significantly 

Table 65.2 Thyroid hormone levels of neonates with hypothyroidism and healthy neonates (mean  SD)

Hormone

Neonates with 
hypothyroidism 
(before therapy, 
5–7 days of age) 
(n  8)

Healthy neonates 
(newborn 5–7 days 
of age) (n  8) p value

Neonates with 
hypothyroidism 
(after 8 weeks of 
therapy) (n  8)

Healthy neonates 
(after 8 weeks of 
therapy) (n  8) p value

TSH ( IU/ml) 66.40 4.20 4.8 0.50 0.001 2.66 0.20 3.45 0.86 NS
TT4 ( g/dl) 3.92 0.35 8.40 0.65 0.01 9.80 0.62 9.26 0.45 NS
FT4 (ng/dl) 0.32 0.06 1.66 0.72 0.01 1.69 0.25 1.52 0.17 NS

Note: Neonates with hypothyroidism had increased TSH levels and decreased TT4 and FT4 levels when compared with age-matched 
healthy neonates. After 8 weeks of thyroxine therapy, thyroid hormones returned to normal levels (NS: nonsignificant [p ;0.05]; TSH: 
thyroid-stimulating hormone; TT4: serum total T4; FT4: serum free T4).
Source: Adapted from Akinci et al., (2006) with the permission of American Society of Neuroradiology.

Table 65.3 Maternal thyroid hormone levels, maternal and neo-
natal median urine iodine excretions and total thyroid volumes 
(mean  SD)

Neonates with 
hypothyroidism 
(n  8)

Healthy 
neonates  
(n  8) p value

Newborn MUI ( g/l) 59.56 9.23 127.18 11.65 0.01
Newborn TTvol (ml) 1.65 0.98 1.24 0.36 0.05
Maternal TT3 (ng/dl) 199 10.26 154 8.64 0.05
Maternal TT4 ( g/dl) 5.4 0.06 9.26 1.25 0.05
Maternal TSH ( IU/ml) 6.1 0.35 3.89 0.46 0.05
Maternal TTvol (ml) 19.67 7.26 13.44 2.73 0.05
Maternal MUI ( g/l) 54.35 27.3 145.28 24.13 0.01

Notes: Laboratory parameters of mothers and their neonates in 
maternal subclinical hypothyroidism: maternal thyroid hormone 
levels were either slightly increased (TSH and TT3) or near normal 
(TT4). Both mothers and their neonates had decreased MUI and 
increased TTvol. These observations were the consequences 
of iodine deficiency (MUI: median urinary iodine; TSH: thyroid-
stimulating hormone; TT3: serum total T3; TT4: serum total  
T4; TTvol: total thyroid volume).
Source: Adapted from Akinci et al., (2006) with the permission of 
American Society of Neuroradiology.

(p  0.05), and normalized when compared with the refer-
ence values of healthy neonates (Table 65.4) (Figure 65.2b, d). 
The Cho/Cr ratios of the neonates with hypothyroidism 
in PWM, FWM and the thalamus were higher than the 
corresponding ratios of healthy neonates before initia-
tion of the treatment. However, these differences were not  
statistically significant. At the end of 8 weeks of thyroxine  

Figure 65.2 MR spectra in a neonate with hypothyroidism and 
an age-matched healthy neonate. Neonate (patient) aged 5 days 
exhibits decreased NAA and increased Cho levels in pretreatment 
period (a) compared to its age-matched healthy neonate (control) 
(c). After 8 weeks of thyroxine therapy, NAA level increased (b) and 
reached the NAA level of the healthy neonate (d).
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As stated above, NAA levels partially reflect the progress 
of myelinization. This process, and the increasing NAA 
levels, seem to be parallel to each other. Therefore, some 
researchers suggest that the decreasing NAA levels are 
caused by myelinization defects, such as hypomyeliniza-
tion, myelin damage, or delay in myelinization, rather than 
axonal or neuronal damage (Fayed et al., 2006). Recent 
studies on patients with acute brain damage also showed 
that the decrease in NAA, accompanied by neuronal dys-
function, increased with improvement of clinical status. 
This finding implied a relationship between decreased NAA 
and a loss in neuronal functions (de Stefano et al., 1995).

In the representative study that was summarized above, 
mothers of the neonates with hypothyroidism had no clini-
cal hypothyroidism (Akinci et al., 2006). However, their 
borderline TSH, near-normal TT4, elevated TT3, increased 
TTvol and decreased MUI levels suggest that they had sub-
clinical hypothyroidism due to iodine deficiency. Before 
thyroxine therapy, their neonates with hypothyroidism had 
lower NAA/Cr ratios in PWM and the thalamus. This spec-
troscopic alteration was primarily explained by inadequate 
exposure of the neonates to thyroid hormones during the 
intrauterine period, due to the hypothyroxinemia of their 
mothers. An alternative explanation is the effect of cerebral 
hypometabolism leading to diminished synthesis of NAA 
by viable neurons in the untreated state. With adequate 
thyroxine therapy, a eumetabolic state is achieved. This 
state leads to an increased synthesis of NAA by the same 
neurons. In that study, the normalization of NAA/Cr levels 
upon treatment implied the reversibility of the hypothyrox-
inemia-related brain damage. The presence of lower levels 
of NAA/Cr ratios in the thalamus, the most mature and 
neuron-rich brain region, and the presence of near-normal  

Table 65.4 Brain MRS findings obtained from frontal white matter, parietal white matter and the thalamus in neonates with  
hypothyroidism and healthy neonates (meanSD)

Metabolite

Neonates with 
hypothyroidism 
(before therapy) 
(n  8)

Healthy neonates (5–7 
days) (n  8) p value

Neonates with 
hypothyroidism 
(after therapy) 
(n  8)

Healthy neonates 
(after 8 weeks) 
(n  8) p value

FWM NAA/Cr 0.88  0.27 1.06  0.16 NS 1.28  0.35 1.43  0.17
NS

FWM Cho/Cr 2.12  0.77 2.02  0.46 NS 1.50  0.33 1.73  0.20
NS

Thalamus NAA/Cr 1.09  0.24 1.29  0.13 0.05 1.45  0.17 1.38  0.21
NS

Thalamus Cho/Cr 1.78  0.35 1.70  0.18 NS 1.44  0.15 1.37  0.26
NS

PWM NAA/Cr 1.04  0.23 1.38  0.17 0.05 1.39  0.25 1.52  0.29
NS

PWM Cho/Cr 1.91  0.39 1.89  0.42 NS 1.33  0.25 1.57  0.21 NS

Notes: Neonates with hypothyroidism had significantly lower thalamic and parietal white matter NAA/Cr ratios than age-matched healthy 
neonates. After 8 weeks of thyroxine therapy, NAA/Cr ratios were normalized. Cerebral Cho/Cr ratios were not significantly affected in 
hypothyroidism (Cho: choline; Cr: creatine; FWM: frontal white matter; NAA: N-acetyl aspartate; NS: nonsignificant [p.;0.05]; PWM: 
parietal white mater)
Source: Adapted from Akinci et al., (2006) with the permission of American Society of Neuroradiology.

therapy, Cho/Cr ratios were decreased and at that time 
point, no significant difference was detected between the 
hypothyroid and healthy neonates with regard to this ratio 
(Table 65.4) (Figure 65.2b, d).

Hypothyroidism and Major Cerebral 
Metabolites: Effects of Thyroxine 
Therapy on N-Acetyl Aspartate and 
Choline Levels

The principal change seen in the spectra of neonates with 
hypothyroidism is the presence of lower NAA/Cr ratios.  
As stated above NAA, almost exclusively present in the 
CNS, is the most sensitive CNS metabolite. Also called 
neuroaxonal marker, its decline is generally thought  
to reflect neuronal loss, damage, or dysfunction (Martin  
et al., 2005; Baslow, 2000).

Mitochondrial energy status plays an important role in 
the synthesis of NAA. Therefore, a cellular dysfunction 
due to impairment of mitochondrial energy metabolism 
may cause more severe reductions in NAA levels than those 
caused by neuronal loss (Demougeot et al., 2002; Pouwels 
et al., 1999). Especially during the first three years of life, 
NAA levels increase in normal developing brain (Horska  
et al., 2002). This rise does not reflect an increasing number 
of neurons, as neuronal proliferation ends before birth. 
Therefore, changing NAA concentration during normal 
brain maturation probably signifies the development of 
synaptic terminals, the dendritic arborization, the increase 
in axonal diameter and the progress of myelinization. All 
of these events are mediated by many factors, including 
thyroxine.
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levels of NAA/Cr in frontal lobes, embryologically the latest 
structure to develop, imply that these low levels are caused 
by neuronal dysfunction and/or hypomyelinization rather 
than neuronal loss. This hypothesis is supported by MRS 
investigations on Canavan’s disease. In this disease, there is 
no neuronal loss, and the basic defect is an enzyme defi-
ciency. This enzyme hydrolyzes NAA to aspartate and ace-
tate. Increased NAA levels, caused by decreased catabolism, 
diffuse demyelinization and vacuolization in white matter, 
further point to the role of myelin metabolism in NAA lev-
els (Toft et al., 1993; Janson et al., 2006).

The secondary change seen in the spectra of newborns 
with hypothyroidism is the presence of higher Cho/Cr 
ratios. The major part of Cho is present in membranes 
and myelin as a polar head group of the lipids. The latter 
is especially rich in Cho-containing compounds in neo-
natal brain. With maturation however, the concentration 
of Cho declines and myelin becomes largely composed of 
galactolipids and sphingomyelin. Therefore, the increase 
in the Cho/Cr ratio, in early life, might point to an inabil-
ity to incorporate Cho-containing molecules into myelin. 
Additionally, loss or disruption of normal myelin increases 
the level of Cho-containing compounds. These changes 
are especially noticeable in lately-diagnosed hypothy-
roidism, which implies the importance of thyroxine in 
myelin maturation (Jagannathan et al., 1998; Gupta et al., 
1995). As stated above, the changes in Cho/Cr ratios were 
insignificant for neonates with hypothyroidism (Akinci et 
al., 2006). This contradictory finding can be explained by 
the differential composition of myelin in neonates and in 
infants. Another explanation would be that mild iodine 
deficiency and intrauterine hypothyroxinemia do not 
significantly affect the myelinization process in the fetal 
period and the first week of life.

Summary

Maternal and fetal hypothyroidism due to iodine  
deficiency results in significant changes in brain MR 
spectra. Early thyroxine therapy normalizes the levels of 
spectral metabolites. The decrease in NAA/Cr ratios, or 
absolute NAA levels, may be used as a primary indicator 
of intrauterine hypothyroxinemia-related subtle neuronal 
damage. In that context, MRS may also demonstrate the 
therapeutic effect of thyroxine in an objective manner.

Summary Points

l  In neonates with congenital hypothyroidism, brain 
metabolite changes may be detected by MRS.

l  The most prominent MRS change in congenital 
hypothyrodism due to iodine deficiency is decreased 
NAA level.

l  Decreased NAA level that is caused by maternal and 
fetal hypothyroxinemia due to iodine deficiency implies 

the adverse effect of intrauterine hypothyroxinemia on 
fetal neuronal development.

l  NAA level can be normalized with early thyroxine 
therapy.

l  Cho level does not significantly differ among healthy 
neonates and in neonates with congenital hypothy-
roidism due to iodine deficiency.

l  This observation makes us suggest that iodine deficiency 
and subsequent intrauterine hypothyroxinemia do not 
significantly affect the myelinization that takes place 
mainly after birth.

l  Iodine deficiency and subsequent hypothyroxinemia 
have adverse effects on neuronal development, mainly 
in prenatal life, and on myelinization postnatally.

l  Iodine deficiency at any degree of severity causes mater-
nal and fetal hypothyroxinemia. As thyroid hormones 
of the mother and the fetus must be kept at optimal 
levels, iodine prophylaxis should be provided, especially 
in iodine deficient areas. To establish normal fetal brain 
development, iodine supplementation must be started 
before pregnancy and should be continued during the 
gestational period.
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Abstract

Iodine deficiency is the commonest cause of preventable  
mental retardation (MR) worldwide. However, not  
everyone in iodine-deficient areas is affected and familial 
aggregation is common, which suggests the involvement of 
genetic factors. Thyroid hormone (TH) plays an important 
role in fetal and early postnatal brain development. The 
pro-hormone T4 (3,3,5,5-triiodothyronine) is converted 
in the brain to its active form, T3, or its inactive metabo-
lite, reverse T3, mainly by the action of deiodinase type 2 
(DIO2). To investigate the potential genetic contribution of 
DIO2, we performed a case-control association study using 
three common SNPs in the gene (rs225014, rs225012, and 
rs225010) that were in strong linkage disequilibrium with 
each other. The single marker analysis showed positive  
association with rs225012 and rs225010. When we compared 
the distributions of common haplotypes, we also found sig-
nificant differences between mental retardation and controls 
in the haplotype combination of rs225012 and rs225010 
(X2  15.04, df  2, global P value  0.000549). We  
conclude that allelic variation in the DIO2 gene may affect 
the amount of T3 available and, in an iodine-deficient  
environment, partly determine the overall risk of MR. Our 
results suggested that DIO2 enzyme activity, especially  
local enzyme activity in the brain, may have an important  
contribution to brain development.

Introduction
Mental retardation (MR)

Mental retardation (MR) is defined as a disability  
characterized by significant limitations both in intellectual  
functioning and in adaptive behavior, as expressed in  
conceptual, social and practical adaptive skills. The  
disability is often congenital and present at birth, but by 
definition must be present before age 18.

In the International Statistical Classification of Diseases 
and Related Health Problems (ICD-10), MR is considered 
as one of the subcategories of intelligence impairments. It 
is classified in the part that is concerned with intellectual 
functions, intellectual growth, intellectual retardation and 
dementia. Memory, thought and higher-level cognitive  
functions are excluded (World Health Organization 
(WHO), 2001). The current definition of MR by the 
American Association on Mental Retardation (AAMR),  
a leading association in defining and classifying mental retar-
dation, maintains the intelligence quotient (IQ) and age of 
onset components of earlier definitions, but substitutes for 
the concurrent adaptive deficits the seemingly quantitative 
requirement of significant delay in 2 or more of the following  
10 areas of adaptive functioning: communication; self-care; 
home living; social skills; community use; self-direction, 
health and safety; functional academics; leisure; and work 
(AAMR, 1992).

Alongside a good clinical history, the most important 
diagnostic instruments for MR are intelligence tests. They 
usually have a mean of 100 and a standard deviation of 15 
points, so that significant intellectual disability is statisti-
cally equated with an IQ score below 70. With a stand-
ard error of the mean (SEM) of approximately 5 points for 
many such tests, the cognitive cutoff for MR becomes an 
IQ. In this study, Wechsler intelligence test was used for 
the diagnosis of MR. We selected as a cut-off for MR an 
IQ of less than 70. We defined IQs less than 70 accom-
panied by social disability (SD) scores of 8 or less as MR, 
and IQs of 70–79 and SD scores of 9 as borderline forms 
of MR (Border).

The expected prevalence of MR based on the assumption 
of a normal distribution of intelligence in a population, with 
a mean of 100, is theoretically stated to be approximately 3%, 
with mild MR representing the majority of cases (75–80%). 
However, the frequency of MR in population-based stud-
ies has been found to vary considerably around this overall  
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figure of 3% (Kiely, 1987; McLaren and Bryson, 1987; 
Roeleveld et al., 1997). The prevalence of MR in children 
has been reported to be as low as 1 per 1000 children in the 
0–4 years’ age range and as high as 97 per 1000 children  
10–14 years’ age range (Kiely, 1987; Roeleveld et al., 1997).

Iodine and MR

Fetal iodine deficiency is the commonest cause of prevent-
able mental retardation (WHO, 1992). One hundred 
thousand children a year are born with frank cretinism, 
and many times more are born with lesser mental and neu-
rological deficits attributable to iodine deficiency (Wang  
et al., 2000). Iodine deficiency results in inadequate amounts 
of thyroid hormone (TH) being available to the developing  
fetal brain. Thyroid hormones regulate many processes 
associated with terminal brain differentiation, includ-
ing dendritic and axonal growth, synaptogenesis, neuro-
nal migration and myelination (Chan and Kilby, 2000). 
It has been observed in iodine-deficient parts of the world 
that iodine supplementation before pregnancy and in the 
first and second trimesters reduces the incidence of cretin-
ism, but supplementation beginning later in pregnancy 
does not improve the neurodevelopmental status of the off-
spring (Cao et al., 1994). Such data indicate the sensitivity 

of the developing fetal central nervous system (CNS) to 
maternal thyroid metabolism. It has been clearly demon-
strated that maternal thyroid hormones cross the placenta 
into the fetal circulation. In the first and second trimesters, 
normal fetal development depends on circulating mater-
nal as well as, at a later stage, fetal thyroid hormones. In 
humans, both T3 and T4 can be detected in the first tri-
mester brain before the fetal thyroid gland becomes active. 
This indicates that thyroid hormones transferred from the 
mother play an important role (Chan and Kilby, 2000). T3 
is not detectable in other fetal tissues apart from the brain 
at this stage. This lends support to the theory that there 
is a specific role for thyroid hormones in very early brain 
development. T4 is detected in the brain at 11–14 weeks,  
the level increasing 2–5 times by 15–18 weeks. Even after 
the fetus begins to produce its own thyroid hormones in the  
second trimester, maternal thyroid hormones make a  
significant contribution toward the supply to the fetal brain. 
This is indicated by positive correlations between mater-
nal serum T4 concentrations, fetal cerebro-cortical T4 and 
maternal urinary iodine excretion at this stage (Chan and 
Kilby, 2000). T4 is converted to the active ligand T3 by 
type II 5-monodeiodinases locally in the brain tissue. The 
rise in circulating thyroid hormones is accompanied by  
evidence of increasing 5-monodeiodinase activity in the 
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brain up to 19–22 weeks gestation, but the activity declines 
thereafter (Chan and Kilby, 2000). The need to increase 
local T3 levels lends further support to the theory that thy-
roid hormones play an important role in brain development 
in the late first trimester and early second trimester.

DIO2 gene and its role in iodine metabolism

The deiodinases play a key role in the maintenance of cir-
culating and tissue levels of thyroid hormones. There are 
three types of deiodinase – type 1, 2, and 3 (DIO1, DIO2, 
and DIO3) iodothyronine – all are seleno-enzymes char-
acterized by a selenocysteine in the catalytic domain of 
the enzyme encoded by a UGA codon in the presence of 
a characteristic 3 untranslated region stem loop structure: 
the selenocysteine insertion sequence (SECIS).

DIO2 is particularly important in the brain. The pro-
hormone T4 (3,3,5,5-triiodothyronine) is converted in 
the brain to its active form, T3, or its inactive metabo-
lite, reverse T3, mainly by the action of DIO2. DIO2 is 
involved in an activation step for converting 3,5,35-
tetraiodothyronine (T4) to 3,5,3-triiodothyronine (T3), 
and a degradation step for converting 3,35-triiodothy-
ronine (reverse T3) to 3,3-diiodothyronine (Bianco et al., 
2002). DIO1 is also involved in an activation step; it is the 
only selenodeiodinase that can function as either an outer 
5 or inner 5 ring iodothyronine deiodinase, with DIO2 
and DIO3 being (for all practical purposes) exclusively 
outer (DIO2) or inner ring (DIO3) deiodinases (Figure 

66.1). However, DIO1 enzyme activity is notably absent 
from the CNS, but is present in liver, kidney, thyroid, 
pituitary and mRNA in circulating mononuclear cells by 
RT-PCR (Campos-Barros et al., 1996; Nishikawa et al., 
1998). It supplies a significant fraction of the T3 in the 
plasma of euthyroid humans. Inactivation steps are mainly 
contributed by DIO3 for converting T4 to reverse T3 and 
T3 to 3,3-diiodothyronine (Salvatore et al., 1995). DIO2 
appears to be a tissue-specific regulator of intracellular 
T3 concentrations in the brown fat, brain and pituitary 
(Kohrle, 1999). The CNS is a major site of DIO3 enzyme 
activity, which is also present in rat skin, placenta and the 
pregnant rat uterus, as well as in human embryonic liver 
(Richard et al., 1998). It is suggested that the balance 
between the enzyme activity of DIO2 and DIO3 may 
determine the local concentration of T3, which then plays 
an important role in development of the brain.

Association Studies between the  
DIO2 Gene and Mental Retardation  
in Iodine-Deficient Areas

Sample

The study included three groups: definite MR, n  96; 
borderline MR (Border), n  116; and controls, n  331. 
The mean age of groups was 9.9  2.9 years with a female:
male ratio of 49:51 (Table 66.1). All subjects were identi-
fied and recruited from Zha Shui and An Kang counties 
in the Qin-Ba mountain region of Shaanxi province, west-
ern China. This region (average elevation 750–1500 m) 
has widespread soil erosion and low water iodine levels. 
We recorded iodine level in the water of 1.87  0.46 g/l 
in the Qin-Ba mountain region (Zhang et al., 2001), and 
found no selenium deficiency. For several years the Shaanxi  
province health authorities have conducted iodization pro-
grams and popularized the use of iodine-enriched common 
salt. This resulted in a marked decline in the frequency of 
MR in the Qin-Ba mountain region. However, the prev-
alence of MR (2.78%) still remains higher than in most 
other areas of China (1.07) (Li et al., 1999). Moreover, we 
found familial clustering in the two counties, with several 
families displaying multiply-affected members in one or 
more generations. It is possible that genetic factors may 
interact with an iodine-deficient physical environment to  
determine the overall risk of mental retardation.

Neurological examination

It was usually not possible or appropriate to perform a 
formal IQ test in cases of frank cretinism, and we had to 
depend on clinical diagnosis. A neurological examination, 
conducted by a physician, included tests of hearing, vision, 
voice and speech, reflexes, posture and gait. We excluded 
cases of MR from the study if they were affected by tra-
choma, infection, trauma, toxic, cerebral palsy and birth 
complications. Controls came from the same iodine-defi-
cient areas, and were selected from families with no his-
tory of MR. If permission was granted, a blood sample 
was removed for routine hematology, serology and DNA 
analysis. Blood samples were stored at 20 °C. Genomic 
DNA was extracted from blood using a modified phenol/
chloroform method.

Table 66.1 Number of samples collected in each area, sex ratio and mean age

Area MR
Sex ratio 
(F:M)

Mean  
age  SD

Border Sex ratio 
(F:M)

Mean  
age  SD

Controls Sex ratio 
(F:M)

Mean  
age  SD

Total Sex ratio 
(F:M)

Mean  
age  SD

Zha Shui 52 26:26 10.9  2.8  74 40:30    10  3.0 245 118:124 9.6  2.8 371 184:184 9.9  2.9
An Kang 44 24:20   9.6  2.8  42 20:22 10.9  3.1  86  39:47 9.7  3.0 172  82:89 9.9  3.0

Total 96 50:46 10.3  2.8 116 60:56 10.4  3.1 331 156:171 9.6  2.9 543 266:273 9.9  2.9
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SNPs in the DIO2 Region

The DIO2 gene maps to human chromosome 14q24.3 and 
is about 15 kb in size; the coding region is divided into two 
exons by approximately 7.4 kb of intronic sequence accord-
ing to the reference sequence of isoform c (Celi et al., 1998). 
An additional two transcription isoforms have also been 
reported (Bartha et al., 2000), which were identified by 
using 5RACE, primer extension and northern blot investi-
gations. Isoform b has a shorter 5-UTR, and isoform a has 
an additional exon between exon 1 and exon 2 of isoform c 
(Figure 66.2). In the light of the important action of TH in 
brain development and the regulation of active-form TH by 
DIO2 in the brain, we decided to investigate whether poly-
morphic variation in DIO2 might affect predisposition to 
fetal iodine deficiency syndrome.

We selected SNPs located in the DIO2 region from 
dbSNP (http://www.ncbi.nlm.nih.gov/SNP/). Three SNPs 
with minor allele frequencies over 0.05 were selected. 
They were rs225014 (A/G) in exon 2 and rs225012 (T/C) 
rs225010 (A/G) in intron 1. Rs225014 and rs225012 have 
an interval of 1.2 kbp, and rs225012 and rs225010 have 
an interval of 1.5 kbp (Figure 66.2).

The SNP rs225014 (A/G) was genotyped by directly 
sequencing using an ABI Prism BigDye Terminator Cycle 
Sequencing Kit (Applied BioSystems, Foster City, CA) on 
an ABI Prism 377 or 3100 sequencer. The genotyping of 
SNP rs225012 (T/C) and rs225010 (A/G) combines kinetic 
(real-time quantitative) PCR with allele-specific amplifica-
tion, which was described previously (Guo et al., 2004).

Statistical analysis

Allele frequencies were calculated using SPSS 10.0 software 
for Windows (SPSS, Inc., Chicago, IL). Deviations from 
Hardy–Weinberg equilibrium (HWE), differences in allele 

and genotype distributions, and odds ratios (OR) with 
95% confidence intervals (CI) were calculated using Finetti 
(Sasieni, 1997). Linkage disequilibrium (LD) between two 
loci was measured using a two-locus LD calculator (2LD) 
(Zhao, 2002). Haplotypes were inferred by Bayesian meth-
ods (Stephens et al., 2001) and implemented in the PHASE 
package version 1.0 (http://www.assertion.net/software/). 
Differences of genotype and haplotype distribution between 
patient and control groups were assessed by the Monte Carlo 
method using the CLUMP program version 1.9 with 10000 
simulations (Sham and Curtis, 1995).

Results

Singular-locus association analysis

rs225014 is an A/G polymorphism in exon 2 of the DIO2 
gene, predicting a change in amino acid 92 of the protein 
(Thr92Ala). The minor allele G frequency of rs225014 
was 0.3841 in the control population with a distribution 
meeting HWE (p  0.201). rs225012 and rs225010 are 
in intron 1 of the DIO2 gene. No significant difference 
was observed in genotypes or allele frequencies for three 
SNPs between borderline MR and control groups. When 
MR and controls were compared, rs225014 also revealed 
no significant difference in the allele frequency (P  0.5) 
or distribution of genotypes (P  0.39). The G allele fre-
quency of rs225010 was higher in MR (0.337) than in 
control (0.2576) [P  0.045, OR  1.43 (95% CI 1.006–
2.031)]. The T allele frequency of rs225012 was higher 
in MR (0.2935) than in controls (0.2119) [P  0.03, 
OR  1.491 (95% CI 1.033–2.152)]. The CC genotype 
frequency was marked significantly higher in MR (0.128) 
than in controls (0.043) [χ2  9.18, P  0.00246, 
OR  3.29 (95% CI 1.37–7.91)] (Figure 66.3).

Ideogram

chr14:

DIO2-a
DIO2-b
DIO2-c

SNPs

79740000 79745000

rs225010rs225012rs225014
AIa92Thr

RefSeq Genes

Figure 66.2 SNPs selected in the DIO2 gene. DIO2-a,b,c represent three isoforms a, b, and c of DIO2 gene. The coding sequence 
is indicated by the wide bar and UTR by the narrow bar. The transcripts move in the reverse direction. The relative position of SNPs 
selected for genotyping is indicated by arrows.
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Haplotype analysis

To calculate the extent of LD in pairwise combination of 
three SNPs, we calculated D, r2, and P value, the normal-
ized LD statistic, in controls for all possible pairs of SNPs. 
Strong linkage disequilibrium among the three SNPs was 
observed (all D. 0.7, p  0.00001).

We only found the significant differences between controls 
and MR in the haplotype of combination with rs225012 and 
rs225010 (χ2  15.04, df  2, global P value  0.000549). 
Furthermore, the data obtained from the study of haplotypes 
containing either rs225012C or rs225010A showed that the 
frequency of haplotype C-A was much lower in MR than in 
controls [χ2  19.36, df  1, P  0.00001, OR  0.49 
(95% CI 0.35–0.68)]. The three marker haplotypes G-T-A, 
G-T-G, and G-C-A are all risk haplotypes for mental retarda-
tion, but haplotype G-T-G has the highest OR [OR  12.49 
(95% CI: 2.36–87.6)] (Figure 66.4).

Discussion

In this study, we investigated the relationship between 
three polymorphisms in the DIO2 gene and MR in China’s 
Han population from the Qi-Ba mountain regions, tra-
ditional iodine-deficient areas in the northwest of China. 
Individual SNP analysis showed a positive association for 
MR with markers rs225012 and rs225010. When we com-
pared the distributions of common haplotypes between 
control and MR, we also found significant differences 
between controls and MR in the haplotype combined with 
rs225012 and rs225010. This association was still signifi-
cant (p  0.001647) after Bonferroni correction (Perneger, 
1998). The haplotypes of rs225012C and rs225010A 

showed that the C-A was much more frequent in controls 
than in MR (χ2  19.36, df  1, P  0.00001) and sug-
gests a protective effect. Another possibility is that rs225012 
and rs225010 and the haplotype combination with these 
two SNPs may simply be in LD with a functional poly-
morphism elsewhere in the DIO2 gene or in a gene nearby. 
We downloaded the HapMap (http://www.hapmap.org/) 
LD data around 1 Mb of the DIO2 gene in Chinese popu-
lation and found that the DIO2 gene is located in an iso-
lated big haplotype block. This suggests that it is the DIO2 
gene and not genes nearby that are responsible for the 
association with MR (Figure 66.5). The nearest functional 
polymorphism in the DIO2 gene is rs225014 (A/G). It is a 
common nonconservative change that predicts a Thr92Ala 
amino acid substitution. This SNP is reported to be asso-
ciated with obesity and insulin resistance (Mentuccia et al., 
2002). However, we found no association between this pol-
ymorphism and mental retardation. It is also possible that 
the protective haplotype is in LD with a regulatory element 
that affects the expression of DIO2. This in turn may influ-
ence T3 levels in the fetal brain and, if already compromised 
by iodine deficiency, influence the risk of mental retarda-
tion. Eighty percent of the brain T3 is formed through the 
enzymatic activity of DIO2. DIO2 is mainly found in astro-
cytes in vitro and in vivo (Li et al., 2001), suggesting that 
T4 is metabolized into T3 in the glial cells and then trans-
ferred to the neurons. To examine the physiological role of 
DIO2, Schneider et al. (2001) developed a DIO2 knock-
out mouse strain lacking DIO2 activity. Mice homozygous 
for the targeted deletion had no gross phenotypic abnor-
malities, and development and reproductive function 
appeared normal, except for mild growth retardation in 
males. It is unclear whether a similar situation pertains  
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for DIO2 deficiency in the human fetal brain whose TH 
function might already be compromised by iodine defi-
ciency. We suspect that the normal DIO2 may be an impor-
tant protection factor from the late first trimester and 
early second trimester of gestation, because in this period 
the DIO2 activity in brain increased markedly (Croteau 
et al., 1996). Further work is required to investigate  

the mechanisms by which DIO2 may affect fetal brain 
development in the context of iodine deficiency.

Summary Points

l  MR is a disability characterized by significant limitations 
both in intellectual functioning and in adaptive behavior. 
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The disability is often congenital and present at birth, but 
by definition must be present before age 18.

l  Iodine deficiency is the commonest cause of preventable 
MR worldwide.

l  TH plays an important role in fetal and early postnatal 
brain development. The pro-hormone T4 (3,3,5,5-trii-
odothyronine) is converted in the brain to its active form, 
T3, or its inactive metabolite, reverse T3, mainly by the 
action of DIO2.

l  A case-control association study using SNPs in the DIO2 
gene was performed and DIO2 was found to be associ-
ated with MR in iodine-deficient areas.

l  The normal DIO2 enzyme activity, especially local en-
zyme activity in the brain, may be an important protec-
tion factor of brain development from the late first tri-
mester and early second trimester of gestation.
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Abstract

Iodine is an essential element in thyroid hormones, which 
have a great impact on the development and functions 
of the central nervous system. Many studies have shown 
that in places prone to iodine deficiency, besides the preva-
lent problem of thyroid nodules, the intelligence quotient 
(IQ) of children was significantly lower than that in areas 
with sufficient iodine. Interestingly, high fluoride was also 
found to be a contributing factor. Some epidemiologi-
cal studies have identified the combined interactive role 
of high fluoride and low iodine for low IQ in children. 
Previous studies conducted in rats have mainly focused 
on the interaction of high fluoride and low iodine and 
resulting oxidative stress for low IQ. Yet, we believe that 
the mechanism of their interaction is far more complex. 
Fluorine and iodine fall into the same category of halogen; 
therefore, fluorine can be easily absorbed and accumulated 
by the thyroid gland similar to iodine, thus interfering 
with iodine metabolism in the thyroid gland and result-
ing in iodine deficiency. Moreover, due to its active chemi-
cal nature, fluoride can pass through both the blood–brain 
barrier and the placental barrier, and may induce DNA 
damage directly in cells. Thus, prolonged exposure to high 
fluoride and low iodine can lead to DNA damage in cells, 
especially brain and thyroid gland cells, in both parental 
generations and their offspring.

Abbreviations

F Fluoride ion
HiFLI High fluoride plus low iodine
HiF High fluoride
IQ Intelligence quotient
LI Low iodine
SCGE Single cell gel electrophoresis

T3 Triiodothyronine
T4 Thyroxine
TSH Thyroid-stimulating hormone

Introduction

Iodine is essential for the synthesis of the thyroid  
hormones – triiodothyronine (T3) and thyroxine (T4). An 
iodine-deficient diet results directly in decreased produc-
tion of thyroid hormones, which adversely affects not only 
brain development, but also its functions such as atten-
tion, learning and memory. In areas with iodine deficiency, 
besides the occurrence of more frequent thyroid nodules, 
the intelligence quotient (IQ) of children is much lower 
than that in areas with adequate iodine.

However, recent studies reported an inverse 
 relationship between early fluoride ingestion and intelli-
gence, indicating a decrease of 8–10 IQ points in chil-
dren living in villages with elevated fluoride intake. 
Epidemiological investigations also revealed that the 
differences in IQ in areas of both high fluoride and low 
iodine could be up to 25 points. Therefore, the interac-
tion of high fluoride and low iodine becomes a major 
concern for researchers.

Clinical manifestations of fluorosis often occur in the 
hard tissues of animals, such as bones and teeth, as a result 
of long-term intake of elevated levels of fluoride, mainly 
due to industrial fluoride pollution. Evidence also indicates 
harmful effects of fluoride on soft tissues such as lung, 
kidney, testis, liver and brain. Generally, fluorine, in the 
form of the fluoride ion (F), is present in soil and water 
in low concentrations, but it may cause a threat to public 
and occupational health when its presence in the environ-
ment increases due to natural or anthropogenic sources. 
Excessive intake of F via drinking water is an endemic 
problem in a number of countries including China, India, 
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and Mexico; several reports show that fluorosis and iodine 
deficiency coexist in some of these areas. Earlier studies 
have shown the effects of the interaction of high fluoride 
and low iodine on oxidative stress and antioxidant defense 
in the rat brain. This interaction causes a rapid increase in 
lipid peroxidation and a decrease in the antioxidant sta-
tus of a cell, resulting in many types of lesions that cause 
DNA damage in cells in many organs.

The thyroid gland appears to be the most sensitive tissue 
in the body to F. High F increases the concentration 
of thyroid-stimulating hormone (TSH) and decreases the 
concentration of T3 and T4 hormones, thereby producing 
hypothyroidism in some populations. Consequently, pro-
longed consumption of high F water is likely to suppress 
the function of both thyroid gland and brain. Therefore, 
DNA damage due to high fluoride and low iodine has 
become a focus of research in recent times.

The Test Method for DNA Damage

Single cell gel electrophoresis (SCGE) or comet assay is a sim-
ple, rapid and sensitive technique for measuring DNA dam-
age. The alkaline version of the method (Singh and McCoy, 
1988) is a very sensitive assay procedure for the detection 
of single-stranded breaks in DNA. SCGE was performed, 
essentially according to the published procedure with some 
modifications. At least 100 cells per slide per subject were 
analyzed (original magnification  200) under a fluorescent 
microscope (BX51, Olympus) equipped with a green light 
excitation and at 590-nm barrier filter. Comets form as the 
broken ends of a negatively-charged DNA molecule become 
free to migrate in the electric field toward the anode. The 
ratio of tailing was assessed by counting the tailing DNA in 
100 cells per sample. Twenty-five cells were chosen randomly 
and photographed, to measure the length of DNA migration 
and to grade the cells in each sample. The extent of DNA 
damage was assessed from the length of DNA migration 
derived by subtracting the diameter of the nucleus from the 
total length of the image. The grading was as follows: grade 
I: tailing length/diameter of the nucleus  1; grade II: tail-
ing length/diameter of the nucleus  2; grade III: tailing 
length/diameter of the nucleus  2. Grades I and II indicate 
generic rupture of the DNA chain. Grade III indicates apop-
tosis, presenting a small comet head and a large, bright tail 
that looks like a broom.

Experimental Evidence for DNA 
Damage in Brain and Thyroid 
Gland Cells

DNA damage in adult rat brain

To establish an animal model exposed to high fluoride 
and low iodine, an experimental iodine-deficient diet 

was prepared from wheat, corn and soybean grown in 
an iodine-deficient region – Weijiawan village of Anze 
County in the  Shanxi province of China. These animals 
were given drinking water containing 150 mg/l NaF. The 
net content of iodine and fluoride in the experimental 
feed, and in the control feed, are listed in Table 67.1.

Thirty-two 1-month-old Wistar albino rats were ran-
domly divided into four groups (Control, HiF group, LI 
group, HFLI group) of six females and two males each,  
and maintained on the experimental diets and drinking 
water regimens shown in Table 67.1 under standard tem-
perature (22–25°C), ventilation and hygiene conditions. 
At the age of 20 months, the rats were sacrificed for test-
ing of their brain cells by SCGE. The results of the ratios 
of tailing, tail length and the proportion of grade III 
(most severe) migrated brain cells in different groups are 
listed as follows (Tables 67.2, 67.3 and Figure 67.1).

The rate and degree of DNA damage to brain cells in 
aged rats exposed to high fluoride, low iodine and their 
combined interaction were markedly higher, especially 
in the HiFLI group compared to other experimental 
groups.  This suggests that a low iodine intake, coupled 
with exposure to high fluoride, exacerbates lesions in the 
central nervous system.

Table 67.1 Fluoride and iodine levels in the diet (mg/kg) and 
 fluoride in the drinking water (mg/l) of the control and experimental 
rats

Control

High 
fluoride 
(HiF)

Low iodine 
(LI)

High fluoride 
and low 
iodine 
(HiFLI)

Iodine in diet 0.3543 0.3543 0.0855 0.0855
Fluoride in diet 25.57 25.57 26.01 26.01
Added fluoride 
 in drinking  
 water

0.6 100 0.6 100

Table 67.2 Ratio of tailing in brain cells induced by high fluoride 
and low iodine (Mean  SD)

Groups
No. of 
samples

No. of cells 
analyzed

Ratio of  
tailing (%)

Control 5 500 24.68  20.81
Low iodine (LI) 5 500 89.04  4.99*
High fluoride (HiF) 5 500 90.93  9.17*
High fluoride and low 
 iodine (HiF  LI)

6 600 92.48  4.04*

Note: Brain monocellular suspensions were dipped on the 
slides (per sample per slide) and subjected to single cell gel 
electrophoresis (SCGE). (See Section “The Test Method for 
DNA Damage” for detailed procedure.) In comparison with the 
controls, the ratios of tailing brain cells exposed to high fluoride, 
low iodine, and the combination of high fluoride and low iodine 
increased considerably.
*Significance at p  0.01.
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Table 67.3 Length of comet tail in brain cells induced by high 
fluoride and low iodine (m, Mean  SD)

Groups No. of cells analyzed Length of tail (m)

Control 125 10.46  12.53
Low iodine (LI) 125 18.41  10.06*
High fluoride (HiF) 125 25.57  17.25**
High fluoride and low 
 iodine (HiF  LI)

150 27.31  15.02**

Note: Brain monocellular suspensions were dipped on the 
slides (per sample per slide) and subjected to single cell gel 
electrophoresis (SCGE). (See Section “The Test Method for DNA 
Damage” for detailed procedure.) Compared with the controls, 
the tail length of brain cells exposed to high fluoride, low iodine, 
and the combination of high fluoride and low iodine, increased 
significantly.
*Significance at p  0.05.
**Significance at p  0.01.

DNA damage in adult rat thyroid gland cells

The method described above was used for testing DNA 
damage in thyroid gland cells; all the results obtained are 
presented in Tables 67.4, 67.5 and Figure 67.2.

The results showed that DNA damage of thyroid 
gland cells exposed to high F, low iodine and the inter-
action of both factors markedly increased, especially in 
the HiFLI group, with grade III damage up to 69.23%. 
It is noteworthy that iodine deficiency induces DNA 
damage of thyroid gland cells. These results support the 
earlier findings of Fang et al. (1994), showing a high 

incidence of thyroid cancer (15.6%) in iodine-deficient 
rats and mice compared to a zero percent incidence in 
controls.

DNA damage in offspring rat brain cells

During pregnancy, the thyroid gland needs to increase the 
production of thyroid hormone, which depends directly on 
sufficient supplementation of dietary iodine. Meanwhile, 
it has been observed that iodine in maternal milk responds 
quickly to iodine intake. Therefore, iodine deficiency is a 
threat to the development of the thyroid gland in the fetus 
and infants, and indirectly to their brain growth. On the 
other hand, fluoride can not only interfere with iodine in 
the thyroid gland, but can also adversely affect the brain 
development of offspring rats. To clarify the effects of high 
fluoride and low iodine on DNA damage in the brain of 
offspring rats, the following experiment was designed.

All parent animals were treated with high fluoride and 
low iodine, as described earlier in this chapter. After 3 
months of treatment, the female experimental animals 
were allowed to become pregnant by natural mating. The 
day of birth of the rat pups was regarded as day 0. During 
and after nursing, they were raised under conditions simi-
lar to those for their parents. After 1 month, the offspring 
rats were separated according to sex. At days 0, 10, 20, 30, 
60, and 90, three male and three female rat pups were ran-
domly selected from each litter for study of the DNA dam-
age. The results of the ratios of tailing, tail length and the 

Control
LI

HiF
HiF�LI

Grade I

Grade II

Grade III

8

21
.8

8

24 33
.3

3

4

46
.8

8

56

41
.6

7

88

31
.2

4

20 25

0

10

20

30

40

50

60

70

80

90

C
el

l f
re

qu
en

cy
 (

%
)

Figure 67.1 Frequency histogram of undamaged and migrated brain cells in control and low iodine (LI), high fluoride (HiF), HiFLI 
rats. Brain monocellular suspensions were dipped on the slides (per sample per slide) and subjected to single cell gel electrophoresis 
(SCGE). (See Section “The Test Method for DNA Damage” for detailed procedure.) The results showed that the proportion of grade III 
damage to brain cells increased considerably.
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Table 67.5 Length of tail of thyroid gland cells induced by high 
fluoride and low iodine (m, Mean  SD)

No. of cells 
analyzed Length of tail (m)

Control 125 3.50  3.23
Low iodine (LI) 125 20.73  13.44*
High fluoride (HiF) 125 29.24  26.88*
High fluoride and low 
 iodine (HFLI)

150 42.24  25.93**

Note: Thyroid gland monocellular suspensions were dipped on 
the slides (per sample per slide) and subjected to single cell gel 
electrophoresis (SCGE). (See Section “The Test Method for DNA 
Damage” for detailed procedure.) Compared with the controls, 
the tail length of thyroid gland cells exposed to high fluoride, 
low iodine, and the combination of high fluoride and low iodine, 
increased significantly.
*Significance at p  0.05.
**Significance at p  0.01.

Table 67.4 The ratio of tailing of thyroid gland cells induced by 
high fluoride and low iodine (Mean  SD)

Groups
No. of 
samples

No. of cells 
analyzed

Ratio of tailing 
(%)

Control 5 500 10.74  12.59
Low iodine (LI) 5 500 83.50  10.20*
High fluoride (HiF) 5 500 83.03  12.11*
High fluoride 
 and low iodine 
 (HFLI)

6 600 89.32   8.21*

Note: Thyroid gland monocellular suspensions were dipped on 
the slides (per sample per slide) and subjected to single cell 
gel electrophoresis (SCGE). (See Section “The Test Method 
for DNA Damage” for detailed procedure.) It can be seen that 
the proportion of grade III damage to brain cells increased 
considerably.
*Significance at p  0.01.

proportion of grade III (most severe) migrated brain cells 
in different groups are presented in Tables 67.6–67.8.

Ingestion of high fluoride, low iodine, or a combina-
tion of high fluoride and low iodine showed significant 
effects on DNA damage in offspring rats up to day 90. 
However, the length of comet tail in brain cells exposed 
to low iodine was significant at day 20 and day 90, while 
the influence of high fluoride, and high fluoride and low 
iodine together, was significant over the entire period. 
Moreover, the proportion of grade III damage to brain 
cells increased considerably in all experimental groups, 
and an even greater effect was apparent with high fluo-
ride and low iodine from day 0 to day 90, except on day 
20. These results indicate that DNA strands in the brain 
cells of offspring rats in early life are adversely affected by 
 exposure to high fluoride, low iodine and the combination 
of high fluoride and low iodine.

What Can We Learn From These 
Studies?

DNA damage of brain and thyroid gland cells exposed to 
high fluoride, low iodine and their combined interaction 
increased markedly, especially in the HiFLI group. The 
possible mechanism of DNA damage induced by fluoride 
could be as follows. (1) Fluoride has a dense negative charge 
and is biochemically very active. Thus, it can have a direct 
effect on DNA, because of its strong affinity for uracil and 
amide bonds by —NH···F— interactions that can induce 
the rupture of hydrogen bonds in the base pairing of adenine 
and thiamine, resulting in disturbance of the synthesis of 
DNA and RNA and increasing error frequency of linkages 
between basic groups in the process of DNA replication. (2) 
Some studies also show that fluoride can combine stably with 
DNA by covalent bonding, affecting the normal structure of 
DNA. Alternatively, fluoride can induce the production of 
free radicals, which damage the DNA strands directly, or by 
lipid peroxidation initiated by the free radicals. (3) Fluoride 
may depress polymerase enzyme activity, which might fur-
ther affect the process of DNA replication or repair.

Fluorine, being a halogen, is chemically related to iodine. 
However, it is much more chemically active than iodine, and 
therefore can interfere with iodine metabolism in the thy-
roid gland. Moreover, both iodine and fluorine have antago-
nistic effects on the thyroid gland. Goldemberg (1930) was 
the first to introduce fluorine therapy for hyperthyroidism 
and Basedow’s disease, on the assumption that simple goiter 
and cretinism were caused, not by iodine deficiency, but by 
a superabundance of F in air, food and water. Nevertheless, 
if the iodine content in water is already very low, compara-
tively low concentrations of F in the drinking water may 
conceivably aggravate the effects of iodine deficiency on the 
thyroid. Thus, we suggest that F might directly damage 
cells and induce rupture of DNA strands, thereby causing 
dysfunction of the thyroid gland. Perhaps DNA damage is 
one of the reasons for the high morbidity rates among those 
afflicted with hypothyroidism goiter and subcretinism in 
high-fluorine and low-iodine areas.

Some reports also show that F can induce structural 
changes and dysfunctions in the thyroid gland. The thy-
roid gland has a strong capacity for absorbing and accumu-
lating F. Fluorine content in the thyroid gland is reported 
to be second only to that of the aorta in nonbone tissues. 
F can directly injure the structure of the thyroid follicle 
and induce cytoplasm reduction and karyopyknosis of fol-
licular epithelial cells, reduce the number of microvilli on 
the cristae of epithelial cells, and lead to swelling of vacu-
oles in follicular epithelial cells of the thyroid gland. Also, 
F disturbs the synthesis and secretion of thyroid hormone 
by interfering with the activity of enzymes that catalyze 
the conversion of thyroxine (T4) into the active thyroid 
hormone triiodothyronine (T3) and inactive metabolites, 
thereby leading to perturbations of circulating thyroid 
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Figure 67.2 Frequency histogram of undamaged and migrated thyroid gland cells in control and low iodine (LI), high fluoride (HiF) and 
HiF LI rats. Thyroid monocellular suspensions were dipped on the slides (per sample per slide) and subjected to single cell gel electro-
phoresis (SCGE). (See Section “The Test Method for DNA Damage” for detailed procedure.) The results showed that the proportion of 
grade III (most severe) migrated thyroid cell damage was greatest in the HiF LI group.

Table 67.6 Ratio of tailing in brain cells of offspring rats induced by high fluoride and low iodine (n  8, Mean SD)

Days Control Low iodine (LI) High fluoride (HiF)
High fluoride and 
low iodine (HiF LI)

0 14.81 5.85 21.19 5.42 56.11 4.35** 88.25 2.41**
10 14.23 4.35 50.53 7.31** 48.74 4.01** 41.23 5.59**
20 21.89 2.50 49.31 10.49** 86.74 4.08** 68.22 4.06**
30 17.81 8.35 51.44 3.71** 53.84 8.25** 72.62 3.38**
60 23.39 3.38 50.12 6.17** 86.58 2.51** 92.61 2.84**
90 15.36 1.57 55.31 6.71** 89.09 2.10** 93.91 1.64**
Mean values 17.92 2.31 46.32 3.31** 70.18 2.49** 76.14 2.57**

Note: Brain monocellular suspensions of the offspring rats were dipped on the slides (per sample per slide) and subjected to single 
cell gel electrophoresis (SCGE). (See Section “The Test Method for DNA Damage” for detailed procedure.) In comparison with the 
controls, the ratios of tailing brain cells exposed to high fluoride, low iodine and the combination of high fluoride and low iodine increased 
considerably. The result indicated that ingestion of high fluoride, low iodine or the combination of high fluoride and low iodine showed 
significant effect on DNA damage in offspring rats up to day 90.
**Significance at p  0.01.

Table 67.7 Length of comet tail in brain cells of offspring rats induced by high fluoride and low iodine ( m, n  8, Mean SD)

Days Control Low iodine (LI) High fluoride (HiF)
High fluoride and 
low iodine (HiF LI)

0 12.91 1.90 15.68 2.71 21.22 1.87 24.90 4.69**
10 18.10 3.38 20.41 5.89 22.52 3.14* 31.93 5.08**
20 18.88 1.48 28.91 4.58** 59.83 4.40** 78.83 5.78**
30 18.79 3.03 20.44 2.82 38.21 8.25** 43.28 4.94**
60 12.41 1.62 21.32 2.69 22.49 3.07** 60.47 8.01**
90  4.94 0.74 25.13 3.12** 43.01 2.57** 62.09 5.30**
Mean value 13.34 1.17 23.11 1.72 35.10 1.86** 47.07 5.70**

Note: Brain monocellular suspensions of the offspring rats were dipped on the slides (per sample per slide) and subjected to single 
cell gel electrophoresis (SCGE). (See Section “The Test Method for DNA Damage” for detailed procedure.) The length of comet tail in 
brain cells in low iodine was significant at day 20 and day 90, while the influence of high fluoride and both high fluoride and low iodine 
together was significant over the entire period.
*Significance at p  0.05.
**Significance at p  0.01.
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Table 67.8 Frequency histogram of undamaged and migrated brain cells in control and LI, HiF, HiFLI offspring rats (n  8)

Days Grade Controls Low iodine (LI) High fluoride (HiF)
High fluoride and low 
iodine (HiFLI)

0 I
II
III

91.04
4.48
4.48

66.67
22.22
11.11

43.1
27.59
29.31

65
1.67
33.33

10 I
II
III

93.94
6.06
0

50
10
40

40
28
32

46.27
8.96
44.77

20 I
II
III

91.3
4.35
4.35

48.27
27.59
24.14

12.25
2.04
85.71

22.81
1.75
75.44

30 I
II
III

92.59
3.7
3.7

11.11
66.67
22.22

44.44
5.56
50

4
24
72

60 I
II
III

91.3
4.35
4.35

17.65
58.82
23.53

38.46
30.77
30.77

15.15
3.03
81.82

90 I
II
III

100
0
0

23.08
50
26.92

3.45
17.24
79.31

5.88
1.96
92.16

Note: Brain monocellular suspensions of the offspring rats were dipped on the slides (per sample per slide) and subjected to single 
cell gel electrophoresis (SCGE). (See Section “The Test Method for DNA Damage” for detailed procedure.) The results showed that the 
proportion of grade III damage to brain cells increased considerably in all experimental groups, and an even greater effect was apparent 
with high fluoride and low iodine from day 0 to day 90, except for day 20.

hormone levels. Furthermore, excess F also stresses the 
functional status of the hypothalamus–pituitary–thyroid 
system, thus adversely affecting the synthesis of DNA and 
RNA in thyroid cells.

In conclusion, excessive intake and accumulation of F 
in the body not only affect the adult brain and thyroid 
structure, but also influence their development, especially 
in the case of iodine deficiency.
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Abstract

Attention deficit and hyperactivity disorder (ADHD) is a 
developmental syndrome characterized by difficulties in sus-
taining attention and hyperactivity. This neurobehavioral 
disorder has been reported in children with generalized resist-
ance to thyroid hormone (GRTH) and is attributed to brain 
deprivation of the hormone. Analogously, we hypothesize a 
similar mechanism to be responsible for the high (70%) 
prevalence of ADHD affecting children living in mild-to-
moderate iodine deficiency (ID) areas. ID-related ADHD 
could be due to an inadequate supply of maternal thyroxine 
to the fetal brain, development of which would therefore suf-
fer from varying degrees of maternal thyroid failure during 
the first phases of neurogenesis. Indeed, ADHD prevalence 
was even higher (almost 90%) in children born to mothers 
who experienced hypothyroxinemia (low FT4 with nor-
mal TSH) at early gestation. Therefore, ADHD should be 
considered as a novel ID disorder affecting intellectual abil-
ity. This evidence further emphasizes the need for intensive 
programs of iodine prophylaxis to prevent/correct ID-related 
early gestational hypothyroxinemia promptly.

Abbreviations

ADHD  Attention deficit hyperactivity 
disorders

ADHD  ADHD positive
ADHD  ADHD negative
DA Dopamine
DLC Dioxin-like compound
DSM-IV-TR  Diagnostic and Statistical Manual  

of Mental Disorders, 4th edition- 
Text Revision

ECD Endemic cognitive deficiency
FT3 Free triiodothyronine

FT4 Free thyroxine
GRTH  Generalized resistance to thyroid 

hormone
ID Iodine deficiency
IDD Iodine deficiency disorders
IQ Intelligence quotient
LC Locus ceruleus
NBAS  Neonatal Behavioural Assessment 

Scale
NE Nor-epinephrine
PFC Prefrontal cortex
T3 Triiodothyronine
T4 Thyroxine
TBG Thyroxine binding globulin
t-IQ Total intelligence quotient
TSH Thyroid-stimulating hormone
WISC-III  Wechsler Intelligence Scale for 

Children, 3rd edition

Introduction

There has been significant progress since 1902, when 
George Still first described a group of 20 children dis-
playing clinically significant degrees of aggression, anti-
social acts, hostile and defiant behavior, inattention and 
hyperactivity.

In the last decades, attention deficit and hyperactivity 
disorders syndrome (ADHD) has been defined as a devel-
opmental disorder involving difficulties with sustained 
attention, distraction, poor impulse control and hyper-
activity or inability to regulate activity level to situational 
demands. The disorder is believed to occur early in child-
hood and is considered organic in pathology (Table 68.1). 
The current clinical view is that the hyperactive–impulsive 
symptoms tend to emerge first in development, with those 
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involving inattention tending to develop several years later 
(Barkley, 1997).

The association between this neurobehavioral disorder 
and thyroid abnormalities, and a possible role of thyroid 
hormone in ADHD pathogenesis is discussed here. An 
overview of published data on this issue and, more specifi-
cally, the possibility that even subtle maternal thyroid failure 
during gestation, caused by iodine deficiency, can be respon-
sible for the disorder, are the subjects of the present chapter.

About ADHD

When ADHD can be suspected

When children are toddlers, parents usually make initial 
observations of excessive motor activity, frequently coin-
ciding with the development of independent locomotion. 
However, caution should be exercised before making this 
diagnosis in the early years, as overactivity in toddlers is 
not necessarily consistent with a diagnosis of ADHD: some 
age-appropriate behaviors in active children (e.g., running 
around and being noisy) might, for instance, be confused 
with symptoms of hyperactivity. Toddlers and preschoolers 
affected with ADHD differ from normally active young 
children in that they are constantly on the go and into 
everything; they dart back and forth, jump or climb on 
the furniture, run through the house and have difficulty 
participating in sedentary group activities. ADHD symp-
toms in school-age children are similar to those reported 
in toddlers and preschoolers, though usually less intense 
and frequent. They have difficulty in remaining seated, 
get up frequently and squirm in, or hang onto the edge 
of their seat. They fidget with objects, tap their hands and 
shake their feet or legs excessively. They often get up from 
the table during meals, while watching television, or while 
doing homework; they talk excessively and make excessive 
noise during quiet activities.

Symptoms of inattention develop later, probably in 
response to the increasing demands of schooling. Children 
fail to pay close attention to details, or make careless 
mistakes in their schoolwork. They often have difficulty 
organizing tasks and activities, and often lose things that 
are necessary for these tasks and activities. Moreover, they 
are easily distracted by extraneous stimuli, and do not 
seem to listen when spoken to directly.

Symptoms of inattention can also be present in children 
with a low intelligence quotient (IQ) and/or mental retar-
dation, and paradoxically, in children of high intelligence. 
In both cases, the inattentive behavior is basically due to an 
academic setting that is not appropriate to the child’s intel-
lectual ability, resulting in an environment that is either 
overstimulating (for children with a low IQ) or, conversely, 
understimulating (for children with a high IQ).

ADHD should not be diagnosed if the symptoms can 
be better accounted for by other mental disorders, such as 
mood disorder, Tourette’s syndrome, anxiety disorder, disso-
ciative disorder, personality disorder, personality change due 
to a general medical condition, or a substance-related disor-
der (e.g., due to bronchodilators, isoniazid, akathisia from 
neuroleptics). Moreover, ADHD is not diagnosed when 
symptoms occur exclusively during the course of a pervasive 
developmental disorder or psychotic disorder (American 
Psychiatric Association, 2000). Conditions other than 
ADHD, such as neurofibromatosis, fetal alcohol syndrome 
and lead poisoning, of which ADHD features are typical 
symptoms (Pearl et al., 2001), should also be ruled out.

ADHD is commonly believed to become apparent early 
in childhood and remains stable through early adolescence. 
A trend to recur in families, especially in first- and sec-
ond-degree relatives of the affected children, has also been 
reported (Barkley, 1981). Clinical features may attenuate 
during late adolescence and adulthood, and partial remis-
sion of symptoms can be observed in only a minority of 
adults (Barkley, 1997).

Diagnostic criteria for ADHD

Due to the objective difficulty of making a diagnosis of 
ADHD, diagnostic criteria are laid down by the Diagnostic 
and Statistical Manual of Mental Disorders, 4th edition- 
Text Revision (DSM-IV-TR) (American Psychiatric 
Association, 2000) and translated into questionnaires.

Analysis of structured psychiatric interviews makes 
it possible to identify different subtypes of the disor-
der, depending on the prevalence (and persistence for at 
least 6 months) of different symptoms (9 for the atten-
tion deficit variant and 9 for the hyperactive variant): (i) 
“ADHD, combined type” subtype (6/9 or more inatten-
tion symptoms and 6/9 or more hyperactivity/impulsiv-
ity symptoms); (ii) “ADHD, predominantly inattentive 
type” subtype (6/9 or more inattention symptoms, but 
fewer than 6/9 hyperactivity/impulsivity symptoms); (iii) 
“ADHD, predominantly hyperactive-impulsive type” sub-
type (6/9 or more hyperactivity-impulsivity symptoms, 
but fewer than 6/9 inattention symptoms). The mini-
mum score for a child to be considered to be affected with 
ADHD is therefore 6/9 for both “ADHD, predominantly 
inattentive type” and “ADHD, predominantly hyperac-
tive-impulsive type” subtypes, and at least 12/18 for the 
“ADHD, combined type” subtype.

Table 68.1 ADHD definition

Attention deficit hyperactivity disorder (ADHD) is a multifactorial 
and organic developmental disorder involving:
 Sustained inattention
 Distraction
 Poor impulse control
 Hyperactivity
 Affected intellectual ability
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The questionnaires covering the items listed in the 
DSM-IV-TR are distributed to both parents and teach-
ers when children first attend primary school, with direc-
tions to mark each item “often,” “sometimes,” “rarely,” or 
“never.” An item is considered positive when both parents 
and teachers mark it “often.”

ADHD pathogenesis

Although ADHD pathogenesis has not been fully dis-
closed yet, the current view is that dysfunctions of both 
the frontal and prefrontal lobe, the cortical and subcorti-
cal striatal areas involved in impulsivity and motor activity 
control, and in the inhibition of irrelevant responses and 
executive functions, respectively, are responsible for the 
disorder (Hynd et al., 1991). In particular, both frontal 
and prefrontal lobes play a key role in attention, impul-
sivity and motor activity. The subcortex comprises a relay 
system that is involved in sending messages to the process-
ing and memory areas of the brain. This subcortical stri-
atal area consists of the brain stem’s reticular activating 
system, thalamus, hypothalamus and basal ganglia, and is 
involved in the inhibition of irrelevant responses and exec-
utive functions (Castellanos et al., 1996). Clinical simi-
larities have been observed between patients with ADHD 
and those with prefrontal cortex (PFC) lesions (Arnsten  
et al., 1996), especially in cases with right hemisphere 
involvement. Lesions of the right dorsal prefrontal cor-
tex (PFC) are responsible for attention deficits and inhi-
bition of responses to distracting stimuli, while lesions to 
the right orbital PFC are responsible for increased motor 
activity. Magnetic resonance scans, performed while the 
patient is engaged in a mental rotation task requiring spa-
tial working memory, have recently demonstrated reduced 
activity in the right parieto-occipital areas, right inferior 
parietal lobe and right caudate nucleus, confirming previ-
ous reports of right striatal–parietal dysfunction in ADHD 
children (Vance et al., 2007).

Studies of primates suggest that the primary function of 
the PFC is to guide behavior, using working memory. The 
impulsive, disorganized and distracted behavior of patients 
with ADHD would therefore seem to be the result of the 
inability of internal representations to regulate responses. 
Anatomical and electrophysiological studies have indicated 
that the area surrounding the principal sulcus (area 46) of 
the PFC is one of the most important regions that shares 
reciprocal projections with the parietal association cortex 
(area 7), which is specialized in visuospatial processing, 
the medial temporal lobe, which is associated with mem-
ory ability, and the anterior cingulated cortex, which is 
involved in organizing complex cognitive activities.

This complex network is closely dependent on monoam-
inergic inputs from the brain stem. In particular, both 
dopamine (DA) and norepinephrine (NE) play an impor-
tant role in regulating the reciprocal connections between 

the PFC and locus ceruleus (LC). Experimental data from 
animal models has demonstrated that PFC lesions induce 
disinhibition of the LC, a mechanism whereby the inhibi-
tion of motor responses to irrelevant stimuli is abolished 
(Arnsten et al., 1996). Research in molecular biology has 
highlighted the central role of DA in ADHD. Knocking 
out the DA transporter gene in mice results in profound 
hyperactivity, whereas disabling D2 and D4 dopamine 
receptor genes results in hypoactivity. Of the four  
DA-related gene loci involved in signal transduction at the 
neural synapse and implicated in ADHD (DAT-1, DRD 
4, DBH and DRD 5), only polymorphism of the DAT-1 
gene on chromosome 5 and of DRD 5 and DBH alleles 
has been shown to be preferentially transmitted to ADHD 
subjects (Pearl et al., 2001).

About ADHD and thyroid hormones

Behavioral disorders, including hyperactivity and impaired 
concentration, are known to be associated with hyperthy-
roidism and hypothyroidism, respectively. This evidence 
validated the hypothesis that ADHD might be similarly 
related to thyroid disease. Nonetheless, the vast major-
ity of the studies carried out to address this issue failed to 
demonstrate a definite association between ADHD and 
thyroid function abnormalities, and therefore the effec-
tive role of thyroid hormones in the pathogenesis of the 
disorder became a candidate for reassessment. It must be 
pointed out however, that most of these studies evaluated 
thyroid function in schoolchildren or adults, without tak-
ing into account any previous thyroid dysfunction suffered 
either by them or their mothers during gestation.

A step-by-step approach to comprehension of 
the pathogenesis of iodine deficiency-related 
ADHD: ADHD in children with GRTH

Hauser et al. (1993) published a study carried out on about 
100 subjects from 18 families with generalized resistance to 
thyroid hormone (GRTH). A significantly higher percent-
age of adults (50%) and children (70%) with GRTH were 
diagnosed for ADHD, compared to both GRTH-unaf-
fected adults and children. Probability ratios revealed that 
the risk of ADHD was 10 times higher for GRTH than 
for non-GRTH children. According to the authors, the 
inactivation of thyroid receptors due to hTR gene muta-
tions might theoretically result in irreversible neurological 
damage, brought about by several different mechanisms 
potentially affecting neuronal proliferation and migration, 
axonal routing and thyroid hormone-related gene expres-
sion. The severity of brain damage would be modulated 
by the degree of cerebral tissue insensitivity. The fact that 
only ADHD, rather than mental retardation, typical of 
iodine-deficient endemic cretins, was observed in GRTH 
children, might be explained by (i) the variable degree of 
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thyroid hormone resistance among different tissues and/or 
among different areas of the same organ (cerebral cortex 
may be less resistant to the hormone than is the pituitary 
gland); and (ii) the ability of some GRTH individuals 
to overcome the dominant-negative effect of the mutant 
receptor protein by increasing thyroid hormone concentra-
tion during fetal life.

Conclusively, the Hauser study constitutes a milestone 
on the path to understanding ADHD pathogenesis because 
it underlines the timing of neurological damage to be 
 confined to the intrauterine life. Therefore, it does not 
seem useful to target children with ADHD for thyroid 
function screening if information about thyroid dysfunc-
tion suffered by their mothers when pregnant or by them-
selves as fetuses is lacking.

A step-by-step approach to comprehension of 
the pathogenesis of iodine deficiency-related 
ADHD: ADHD and thyroid disruptors

A thyroid disruptor is defined as an exogenous agent capa-
ble of exerting a marked effect on thyroid homeostasis by 
upsetting the synthesis, secretion, transport, metabolism, 
binding, or degradation of natural thyroid hormones. 
Today, there is growing concern about the widespread pres-
ence of synthetic chemical contaminants, such as dioxins 
(the most toxic and well-studied) and dioxin-like com-
pounds (DLCs), in the environment. These have structural 
properties similar to those of thyroid hormones, and their 
toxicity is basically related to their chemical structure and 
the extent of their ability to contaminate. The mechanism 
whereby these chemical compounds exert their toxic effect 
is not straightforward. Maternal and fetal hypothyroxine-
mia have been reported as the result of gestational exposure 
to these compounds in rats. Moreover, prenatal exposure 
to DLCs frequently results, in all species, in impairment 
of cognition and psychomotor activity, which might well 
be explained by feto–maternal DLC-induced hypothyrox-
inemia. The fact that the exposure of adults to these com-
pounds does not result in neurotoxicity once again suggests 
that the latter is the effect of a neuroteratogenic mechanism 
operating during central nervous system development.

Data relative to humans demonstrated developmental 
delays and impaired cognitive abilities in children exposed 
to these contaminants. Hyperactivity was also reported 
when the level of prenatal exposure was relatively higher 
(Hauser et al., 1998). The robust conclusions of Peter 
Hauser’s exhaustive review of DLC contamination and 
thyroid disruption can be summarized as follows:

1. Exposure to DLCs might impair thyroid function.
2. Prenatal contamination induces both maternal and 

feto/neonatal hypothyroxinemia.
3. Behavioral, cognitive and psychomotor abnormalities 

(including hyperactivity), reported in children whose 

mothers have been exposed to contamination during 
pregnancy, are similar to those described in subjects 
with GRTH (in both cases, attention processes are 
adversely affected, IQ scores decreased, and speech and 
language development delayed) and consistent with a 
diagnosis of ADHD.

Nonetheless, there is no direct evidence that these neu-
robehavioral effects are mediated by DLC-related thyroid 
function failure.

ADHD and Iodine Deficiency

Iodine deficiency as an environmental thyroid 
disruptor

Iodine is essential for thyroid hormone biosynthesis, and 
ID is internationally the most common environmental 
thyroid disruptor. Thyroid hormone is essential for nor-
mal brain development; the relationship between severe 
ID and mental retardation has been amply demonstrated 
by numerous experimental and clinical studies, and the 
mechanisms underlying irreversible brain damage – mainly 
involving processes of proliferation, migration and matura-
tion of neurons, myelinogenesis, synaptogenesis, and neu-
rotransmitter regulation – have been described in detail 
(Morreale de Escobar et al., 2004). The hypothesis that the 
extent of neuropsychomotor impairment might in some 
way be related to the severity and duration of ID arises 
from the observation of: (i) the dramatic reduction and 
subsequent disappearance of endemic cretinism in indus-
trialized countries following the introduction of iodine 
prophylaxis programs; (ii) the not-inconsiderable rates of 
so-called “minor” neurological disorders found in areas 
where ID was still estimated to be mild to moderate. The 
latter “minor” neurological disorders ultimately represent 
the phenotype of much less severe and more confined brain 
damage resulting from improved, but still suboptimal, 
iodine supplementation.

Epidemiological and clinical characteristics of 
iodine deficiency in the study area

Systematic long-term epidemiological observations of 
iodine deficiency disorders (IDD) carried out by our group 
in a restricted and well-characterized area of Sicily pro-
duced evidence of how these changes in clinical phenotypes 
were related to different degrees of ID severity observed 
over the years. The epidemiological characteristics of dif-
ferent Sicilian endemic goiter areas were first reported by 
Delange et al. (1978). In particular, the area in which we 
would subsequently conduct our own studies was almost 
severely iodine deficient at that time, since daily urinary 
iodine excretion and goiter prevalence in schoolchildren 
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were almost 25 g/day and 50%, respectively. Moreover, 
endemic cretinism (myxedematous variant included) was 
known to be present in the same area. Since then, changes 
in the prevalence of ID disorders have occurred over almost 
three decades, probably due to the progressive and “silent” 
increase in daily dietary iodine intake despite the lack of 
a systematic and effective policy of iodine prophylaxis. 
This phenomenon, known as “silent iodine prophylaxis,” 
was basically due to the improved distribution of frozen 
foods, including seafoods, and of industrially prepared 
dairy products, resulting in a significant increase in urinary 
iodine excretion, as well as a decrease in goiter prevalence 
in schoolchildren.

Changes in the phenotype of iodine-deficiency 
related brain damage

Progressive and profound modifications in the phenotype 
of neurological disorders were identified in the area, as 
 discussed below.

In 1990, we described typical characteristics of endemic 
cretinism in an area characterized by an even distribution 
of neurological, myxedematous and mixed clinical variants. 
When the three phenotypes were correlated to the birthdates 
of the cretins, the really intriguing finding was that subjects 
born from 1970 onwards were affected exclusively with the 
neurological variant, suggesting that the myxedematous 
forms were the result of a more severe degree of ID over a 
protracted period, and therefore involving intrauterine life 
(neurological damage), infancy, childhood, adolescence and 
adult life (myxedematous features) (Trimarchi et al., 1990).

In the same years, a systematic study of visual percep-
tual motor ability was carried out on prepubertal primary 
schoolchildren (85.2% of the entire primary school pop-
ulation of the region) living in two iodine-deficient areas 
within the same region, differing only in terms of the 
presence or absence of endemic cretinism, and also in age-
matched schoolchildren from an iodine-sufficient area. The 
study revealed the presence of defective visual perceptual 
integrative motor ability in almost 14% (vs. 3.5% control 
group) and borderline performances on the administered 
tests in about 17% of the ID schoolchildren. The disorder, 
defined endemic cognitive deficiency (ECD), was associ-
ated to neurosensorial and neuromuscular abnormalities 
(disorders in standing and gait, dyslalia, impaired hearing 
and deaf mutism, increased tendon reflexes, clonus of the 
foot, Babinski sign) in one-third of the affected children. 
Moreover, in almost 95% of the ECD and in 56% of the 
borderline children, the IQ was lower than 90. It is worth 
mentioning that ECD distribution in the endemic region 
was an independent entity, not related to endemic cretin-
ism from a strictly epidemiological point of view, and that 
all children were clinically and biochemically euthyroid 
(Vermiglio et al., 1990).

The link between iodine-deficiency related 
minor neurological disorders and maternal 
thyroid function during gestation

Evidence of clinical and biochemical euthyroidism in 
ECD children raised the question of whether abnormality 
in thyroid function suffered either by expectant mothers or 
fetuses during gestation might account for ECD, or other 
neurological disorders affecting the (euthyroid) progeny.

In order to address this issue, thyroid function evalu-
ation over the first half of gestation, including total and 
free thyroxine (T4) and triiodothyronine (T3), thyroxine 
binding globulin (TBG) and thyroid-stimulating hormone 
(TSH), was performed in euthyroid and anti-thyroid anti-
body-negative pregnant women from the same ID area, 
and in pregnant women from a marginally iodine-suf-
ficient area. This study demonstrated that a TSH-related 
compensation guaranteed maternal euthyroidism by 
inducing preferential secretion of T3 in pregnant women 
from the marginally iodine-sufficient area, but that this 
mechanism failed in 50% of the mothers from the ID area, 
in which endemic cretinism, along with other neurological 
disorders, had previously been reported (Vermiglio et al., 
1995). When the observation was extended to the whole 
gestation, we found that the compensatory mechanism of 
T3 preferential secretion, operating up to 20 weeks, failed 
in the second half of gestation indicating, the feto–mater-
nal iodine pool that had become inadequate to even guar-
antee  “T3 maternal euthyroidism” as suggested by both 
serum total and free T3 reduction and TSH increase. 
Moreover, the prevalence of maternal thyroid function fail-
ure increased up to 70% during the second half of preg-
nancy (Vermiglio et al., 1999).

Iodine deficiency and ADHD: the link

Based on evidence of the previously described ECD and 
the high prevalence of maternal thyroid failure, further 
neurobehavioral and psychomotor systematic screenings 
were carried out in toddlers and children younger than 36 
months, born to mothers whose thyroid function had been 
defective during the first half of gestation. The tests, which 
were designed to identify any ID-related neuro-intellectual 
deficits, revealed unexpected symptoms of hyperactivity 
in schoolchildren. The possibility that the latter features 
might be the initial symptoms of ADHD was postulated 
for the first time, although it was not proved, since the 
children studied were thought to be still too young to be 
given the diagnosis. In 1994, children whose mothers’ thy-
roid function had been systematically studied throughout 
gestation were now, 18–36 months old, and hyperactiv-
ity symptoms had been noticed by some of their parents 
and/or detected by two independent examiners from our 
multidisciplinary staff involved in screening for ID-related 
neuro-intellectual disorders. We thus decided to prolong 
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Table 68.2 Epidemiological characteristics of both iodine-deficient and sufficient areas

1990–1992 2000

ID area IS area ID area IS area

UIE (g/day) 48.1  38.2 95.2  55.8 63.0  35.4 115.2  61.4
Percentage of goiter in 
schoolchildren

24.7 7.8 16.3 3.5

Notes: The table reports the epidemiological characteristics of the two areas where the study was carried out at two 
different points in time: between 1990 and 1992, corresponding to the time when the children were conceived, and in 
2000, corresponding to the period of neuropsychological and neurological evaluation of all children, when they were 8–10 
years old. ID area is the moderately iodine-deficient area where all previous study had been carried out. IS area B refers 
to an area where iodine intake was assumed to be marginally sufficient. Urinary iodine excretion (UIE) is expressed as 
mean  2SD. Reproduced with permission from Vermiglio et al., 2004.

our observation until the children were 8–10 years old, in 
order to establish conclusively whether the hyperactivity 
symptoms detected almost 10 years previously might actu-
ally have been initial features consistent with a subsequent 
firm diagnosis of ADHD, which could only be made when 
they had reached primary school age.

Iodine deficiency and ADHD: the study

The study group included 16 children born to 16 healthy 
mothers living in the moderately iodine deficient area (ID 
area), and 11 age-matched control children born to 11 
women from a marginally iodine-sufficient area (IS area). 
The characteristics of both areas when the children were 
conceived (1990–1992), and at the time of the study, are 
reported in Table 68.2.

Following initial observations in 1994, all the children 
from both ID and IS areas were re-evaluated in 2001 and 
2002 by the same developmental pediatricians, endocrinol-
ogists, neurologists and psychologists from our team. In 
addition to neurological examination and ADHD screen-
ing, the second evaluation also included intelligence testing 
in order to rule out mental retardation, of which inatten-
tion and hyperactivity can often be a part. As directed 
by the Touwen protocol, the neurological examination 
included assessment of the child while sitting, standing, 
walking and lying, as well as examination of muscle tone, 
reflexes and general data (dominance, fine motor coordi-
nation, sensory function, speech and language) (Touwen, 
1979). ADHD screening was conducted using the refer-
ence scale for inattention and hyperactivity derived from 
the DSM-IV-TR, published by the American Psychiatric 
Association (2000). Intelligence was measured by the 
widely-used Wechsler Intelligence Scale for Children, 3rd 
edition (WISC-III) (Wechsler, 1991), which provides 
a full-scale IQ (t-IQ) score and subscale scores for ver-
bal skills and performance in the following areas: general 
knowledge, general comprehension, arithmetic, similarities, 
vocabulary, digit span, picture completion, picture arrange-
ment, block design, object assembly, coding and mazes. 
The WISC-III full-scale IQ score comprises three subscores 

covering items considered free from distraction (arithmetic, 
digit span and coding – WISC-III freedom-from-distrac-
tion score), verbal items (general knowledge and compre-
hension, arithmetic, similarities, vocabulary and digit span 
– WISC-III verbal IQ score), and performance items (pic-
ture completion and arrangement, block design, object 
assembly, coding and mazes – WISC-III performance IQ 
score). According to this scale, a child was considered to be 
mentally retarded when his total IQ (t-IQ) score was below 
75 points (Luckasson et al., 1992).

Iodine deficiency and ADHD: the results

All the children from both ID and IS areas were euthyroid 
at neonatal screening and afterwards (18–36 months and 
8–10 years). Neuromotor evaluation revealed no signs of 
neurological impairment in any of the children. The diag-
nosis of ADHD was confirmed in 2001 and 2002 in all 
9/16 ID area children in whom it had been previously sus-
pected, and in a further 2 children in whom it had not 
been suspected in 1994. None of the 11 IS area children 
were affected with ADHD, since the tentative diagno-
sis made in 1994 for one of them was not confirmed in 
2001–2002.

Therefore, ADHD affected 11/16 (68.7%) children 
from the ID area (5/11 “ADHD, combined type” subtype, 
5/11 “ADHD predominantly hyperactive-impulsive type” 
subtype, 1/11 “ADHD, predominantly inattentive type” 
subtype).

Full-scale IQ scores and subscale scores for each item 
are summarized in Table 68.3.

The WISC-III was completed for all children except for 
one from the ID area in whom extreme inattention and 
hyperactivity made WISC-III administration impossible 
to complete.

Mean t-IQ score was lower in the ID area than in the 
IS area children by approximately 18 points (92.17.8 vs. 
11010, p  0.00005). When we compared the intelli-
gence test results of the ADHD  , ADHD  and con-
trol children, we observed that the t-IQ score was lower 
in ADHD than in ADHD children by 11 points, and 
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lower in both subgroups than in the control group by 22 
and 11 points, respectively. The attention WISC-III free-
dom-from-distractibility subscore was lower in ADHD 
children than in the controls, whereas the WISC-III ver-
bal IQ subscore was lower in the ADHD than in either 
ADHD or control children (14.4 and 21.4 points, 
respectively). The WISC-III performance IQ subscore was 
lower in both the ADHD and ADHD children than in 
controls, by 19.3 and 12.5 points, respectively (Figure 68.1). 
It is worth noting that, of the ADHD children, 3/10 
had a t-IQ score 90, 6/10 ranged between 90 and 75 
and 1/10 had a score 75. Conversely, both the ADHD 
and the control children had a t-IQ score >90.

Iodine deficiency and ADHD: maternal thyroid 
function vs. ADHD

For the purposes of our study, the neuro-intellectual and 
behavioral outcome of all the ID and IS children was 
related to the thyroid function of their mothers over the 
first half of gestation. Average values of maternal T3, T4, 
free triiodothyronine (FT3), free thyroxine (FT4), TSH and 
TBG saturation by T4 at 8, 13 and 20 weeks of gestation 
in both the ID area ADHD and ADHD subgroups, 

and in the IS area control mothers are illustrated in  
Figure 68.2.

The main finding was the progressive decline of serum 
FT4 concentrations in both the ID and the IS mothers with 
pregnancy advancement. This decline was more evident in 
the ID compared to the IS mothers (20% vs. 8%). Serum 
TSH mean values increased over the first half of gestation 
only in the ID (100% in ADHD vs. 30% ADHD 
mothers), remaining unmodified in the IS mothers.

Individual maternal FT4 and TSH data for both the ID 
area subgroups and for the IS area mothers are shown in 
Figure 68.3.

Thyroid failure occurred in early pregnancy in 8 of the 
16 mothers from the ID area, and only transiently in a 
woman from the control area.

When neurological results were related to early- 
pregnancy maternal thyroid function, it was seen that all 
11 ADHD children were born to the ID area mothers 
whose thyroid function proved more heavily compro-
mised than that of the 5 ADHD mothers, and that 7/8 
(87.5%) of the ID area mothers who experienced thyroid 
failure generated ADHD children. It is worth not-
ing, however, that individual TSH levels fell consistently 
within the normal range in all but two of these women, 

Table 68.3 Intelligence testing results

Neuropsychological test ID area ADHD children 
(n  10a)

ID area ADHD children 
(n  5)

IS control children  
(n  11)

p value

Intelligence WISC-III full- 
 scale IQ score (t-IQ)

88.0    6.9 99.0  2.0   110  10 0.0001b, 0.05c, 
0.005d

Attention WISC-III  
 freedom-from-distractibility  
 score

8.8  2.5 8.9  2.5 10.3  3.1 0.05b

WISC-III verbal IQ score 88.6  11.4  103  2.6   110  12.3 0.001b, 0.05d

WISC-III verbal section
 General Information 9.0  2.6 9.3  3.0 9.6  2.5 NS
 General comprehension 7.6  2.4 10.3  2.9 10.9  3.4 0.05b

 Arithmetic 8.0  1.5 10.6  3.2 10.7  2.1 0.005b, 0.05d

 Similarities 7.1  4.9 11.3  2.5 12.7  2.9 0.005b

 Vocabulary 9.1  2.8 11.0  2.0 14.2  2.5 0.005b, 0.05d

 Digit span 9.7  2.3 8.0  2.6 9.1  2.3 NS
WISC-III performance IQ  
 score

87.8  8.2 94.6  7.1 107.1  8.9 0.0001b, 0.05c

WISC-III performance section
 Picture completion 5.9  1.2 4.3  2.3 11.3  2.2 0.00001b, 0.0005c

 Picture arrangement 9.0  2.4 11.0  3.6 10.5  1.7 NS
 Block design 9.5  3.2 8.7  1.5 11.4  1.9 0.05c

 Object assembly 9.5  5.0 14.6  3.5 11.1  2.5 0.05c

 Coding 8.7  3.4 8.0  1.0 11.0  4.3 NS
 Mazes 8.7  2.6 5.3  3.5 11.0  2.8 0.05b, 0.01c

Notes: Neuropsycological test scores according to the Wechsler Intelligence Scale for Children, 3rd edition (WISC-III) in affected 
(ADHD) and unaffected (ADHD) children from the iodine-deficient area (ID area), as compared to iodine-sufficient age-matched 
children (IS area).The WISC-III full-scale IQ score (t-IQ) is calculated on the basis of three different subscores, namely WISC-III freedom-
from-distractibility subscore, WISC-III verbal IQ subscore and WISC-III performance IQ subscore. Reproduced with permission from 
Vermiglio et al., 2004.
a Results refer to 10/11 ADHD children due to the fact that in 1/11, extreme inattention and hyperactivity made WISC administration 
impossible.
b ADHD vs. controls.
c ADHD vs. controls.
d ADHD vs. ADHD  .
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whose TSH concentration slightly increased toward the 
end of the study period. Therefore, most of the ADHD 
children (7/11, 63.6%) were born to mothers who had 
become hypothyroxinemic (low FT4 with normal serum 
TSH values) during early gestation, whereas 4/5 (80%) 
ADHD children were born to mothers who remained 
consistently euthyroid during the first half of gesta-
tion. As a consequence, the overall prevalence of ADHD 
among the ID area children studied was significantly 
higher (2 2.34 p  0.001) in children born to mothers 
whose FT4 concentration was below the reference range at 
mid-gestation.

Similarly, the children’s total IQ score was directly 
(r  0.56 p  0.005) related to maternal FT4 and 
inversely (r  0.63 p  0.001) related to maternal TSH 
values at mid-gestation, when both the ID and the IS areas 
were considered as a whole (Figure 68.4).

Iodine deficiency and ADHD: conclusions

Finally, in this study (Vermiglio et al., 2004) we demon-
strated for the first time the existence of a strong association 
between ID and ADHD, based on long-term (10 years) 
observation of the neuropsychological and intelligence 
performances of children born to mothers from a mild-to-
moderate ID area, some of whom developed hypothyrox-
inemia during early pregnancy. The ADHD prevalence of 
almost 70% in our ID area (rising to 87.5% in children 
born to hypothyroxinemic mothers), surprisingly similar to 
that reported in children with GRTH, seems to point to a 

strong association of this neuropsychological disorder with 
both GRTH syndrome and ID-induced early gestational 
maternal hypothyroxinemia. ADHD syndrome associated 
with GRTH could be the result of the developing brain 
being deprived of the biological effect of thyroid hormone, 
whereas ADHD in iodine-deficient children could be due 
to an inadequate supply of maternal thyroid hormone to 
the fetal brain, whose development therefore might suffer 
from varying (and sometimes subtle) degrees of maternal 
thyroid failure during the first phases of organogenesis.

The role of T4 transfer in human beings in early preg-
nancy is key to ensuring normal neurological development 
of the fetus, which is particularly important prior to the 
onset of thyroid hormone secretion by the fetal thyroid 
(20th week) (Morreale de Escobar et al., 1985). The exist-
ence of T4 transfer from mother to fetus has been demon-
strated by several conclusive studies in both rats (Sweney 
and Shapiro, 1975; Obregon et al., 1984; Woods et al., 
1984; Morreale de Escobar et al., 1989, 1990; Calvo et al., 
1990) and human beings (Vulsma et al., 1989). First tri-
mester fetal tissues are exposed to concentrations of FT4 
that have recently been demonstrated in human fetuses to 
ultimately depend on the circulating maternal levels of T4 
or FT4 (Calvo et al., 2002).

The relationship between maternal hypothyroidism 
and neurological damage in the offspring has already been 
established by several epidemiological studies in areas with 
severe ID (Delange, 1994) or normal dietary iodine intake 
(Haddow et al., 1999) and in animal models (Friedhoff 
et al., 2000; Dowling et al., 2000). Conversely, maternal 
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hypothyroxinemia, also observed in areas with adequate 
iodine intake, has been regarded so far as a normal con-
dition, even though reduced intellectual performances 
have been reported in children born to iodine-sufficient 
hypothyroxinemic mothers (Pop et al., 1999a). However, 
neuropsychological development does not seem to be 

adversely affected in children whose maternal hypothy-
roxinemia is corrected within the 24th week of pregnancy 
(Pop et al., 2003). More recently, a paper by the same 
group demonstrated that 108 newborns of mothers with 
hypothyroxinemia at 12 weeks of gestation, and to whom 
the Neonatal Behavioural Assessment Scale (NBAS) had 
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any time in serum total T3 levels between the three groups. Serum FT3 levels dropped progressively in both ADHD and ADHD sub-
groups by almost 20% at mid-gestation (F  9.5 p  0.005 and F  8.4 p  0.05, respectively), in relation to pregnancy progression 
(r  0.55 p  0.001 and r  0.59 p  0.05, respectively). Serum total T4 values increased by about 10% at the 13th week in all three 
groups and remained at a plateau until mid-gestation. TBG saturation by T4 was lower in both ADHD and ADHD subgroups than in 
the IS area mothers (t  3.1 and t  2.0, respectively) from the 8th week onwards and further declined by about 25% with pregnancy 
progression (r  0.39 p  0.05 and r  0.63 p  0.05, respectively), ultimately remaining lower in both ID area subgroups than in the 
IS area mothers (t  3.27 and t  1.97, respectively) at mid-gestation. Serum FT4 values decreased by about 20% with gestational age 
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t  2.17 and t  1.98 at 13 weeks; t  3.0 and t  3.57 at 20 weeks). Serum TSH mean values increased over the first half of gesta-
tion by about 100% (F  4.9 p  0.05) in the ADHD subgroup, by about 30% (F  10.5 p  0.01) in the ADHD subgroup, remain-
ing unmodified in the control mothers. At 20 weeks, TSH levels were higher in the ADHD subgroup than in the control area (t  2.4). 
*p  0.05; **p  0.01; ***p  0.005. Reproduced with permission from Vermiglio et al., 2004.
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been administered when they were 3 weeks old, had lower 
test scores than controls. The authors concluded that a low 
NBAS score might be interpreted as an early marker of 
ADHD (Kooistra et al., 2006).

The growing concern that hypothyroxinemia during 
early gestation could be harmful to the fetus (Morreale de 
Escobar et al., 2000; Pop et al., 1999b; Utiger, 1999) has 
also been reinforced by the first experimental evidence of 
a permanent alteration of cortical cytoarchitecture in the 
progeny of ID-induced hypothyroxinemic dams (Lavado-
Autric et al., 2003).

In conclusion, the strong prevalence of ADHD in chil-
dren whose iodine-deficient mothers had experienced 

hypothyroxinemia during early gestation suggests that 
this neurobehavioral disorder might be included in the 
so-called “minor neurological disorders” observed in mild- 
to-moderate iodine-deficient areas and therefore considered 
a new IDD. This behavioral disorder is a definite invali-
dating condition also affecting intellectual performance. 
Mild-to-moderate ID is very widely spread throughout the 
world (including the western world), and the number of 
children with an IQ lower than they might have achieved 
if their mothers were not hypothyroxinemic at early gesta-
tion could be a very impressive one. Even if the progeny of 
these hypothyroxinemic women is not “mentally retarded,” 
they are handicapped for our societies, which could easily 
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the gestational week. In fact, hypothyroxinemia occurred at 8 weeks in one ADHD mother, at 13 weeks in two other ADHD, moth-
ers and at 20 weeks in one ADHD mother and a further four ADHD mothers. In two of these eight women, hypothyroxinemia was 
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be avoided by adequate iodine prophylaxis programs 
and, at least in early pregnancy, by routine screening and 
 monitoring of maternal thyroid function.

Summary Points

l ADHD is a developmental disorder involving difficulties 
with sustained attention, distractibility, poor impulse con-
trol and hyperactivity, and affecting intellective ability.

l ADHD etiopathogenesis is multifactorial and not 
fully disclosed. Several evidences however, indicate this 
neurobehavioral disorder to be organic in pathology 
(involvement of prefrontal cortex and subcortical stri-
atal areas).

l A high prevalence (68.7%) of ADHD is reported here 
in children living in a mild-to-moderate ID areas.  
ID-related ADHD affects intelligence. Indeed, the total 
IQ score of ADHD children was 22 points lower com-
pared to control children from an iodine-sufficient area.

l The ADHD prevalence of almost 90% in children born 
to hypothyroxinemic mothers seems to point to a strong 
association of this neuropsychological disorder with ID-
related early gestational maternal hypothyroxinemia.

l ADHD in iodine-deficient children could be due to 
an inadequate supply of maternal thyroid hormone 

to the fetal brain, whose development therefore might 
suffer from varying (and sometimes subtle) degrees 
of maternal thyroid failure during the first phases of 
neurogenesis.
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Abstract

Research in the role of elements in health and disease has 
increased considerably in recent years. Several elements are 
suspected or known to be involved in neurodegenerative 
disorders such as Alzheimer’s disease (AD). The aim of this 
book is to give an overview of our knowledge of iodine; 
we would like to contribute to this with new data on the 
iodine (and other halogens) content of the human brain, 
especially in AD cases. Previously, an adequate radiochemical 
neutron activation analysis method has been developed and 
applied successfully for the determination of iodine in brain 
regions of control subjects. This work has been extended to 
analyze bromine and chlorine by using instrumental neu-
tron activation analysis and to include AD patients. Iodine, 
bromine and chlorine concentrations in ten different brain 
regions of five control and five AD patients were investi-
gated, so that average values, distribution patterns and 
interpersonal variability could be compared, and possible 
correlation between control and AD data could be studied. 
Significantly lower iodine and higher bromine and chlorine 
values were found in some AD brain regions compared to 
the controls.

Abbreviations

AD Alzheimer’s disease
Cl-ATPase Chlorine-adenosine-triphosphatase
Cyclic-AMP Cyclic adenosine-5-monophosphate
Eβ Energy of β-ray
E Energy of -ray
INAA  Instrumental neutron activation 

analysis
Na/K-ATPase Sodium–potassium-triphosphatase
NIST  National Institute of Standards and 

Technology
RNAA  Radiochemical neutron activation 

analysis

SRM Standard reference material
t1/2 Half-life of the isotope
T3 3,5,3-triiodothyronine
T4  3,5,3,5-tetraiodothyronine or 

thyroxine
TSH Thyroid-stimulating hormone
TSHR  Thyroid-stimulating hormone 

receptor

Introduction

An optimum level of main and trace elements is required 
for a number of metabolic and physiological processes in 
the human body since both deficiency and excess may lead 
to different metabolic disorders. However, there is a pau-
city of reliable data regarding elements in human tissues. 
This is especially true concerning normal aged human 
brains and the brains of AD patients.

Four elements of Group 7A in the periodic table: fluo-
rine, chlorine, bromine and iodine comprise the family 
known as the halogens or salt formers (Kőrös, 1989). We 
do not know much about F, although the role of F in pre-
venting tooth decay is well-known. The trace nonmetals 
may be a more interesting group than imagined, but we 
will need much more information than is currently availa-
ble. Some properties of I, Br and Cl are listed in Table 69.1.

Iodine is an essential trace element for animals and 
humans. It forms an indispensable part of thyroid hor-
mones, i.e., 3,5,3,5-tetraiodothyronine or thyroxine (T4) 
and 3,5,3-triiodothyronine (T3). In all vertebrates includ-
ing men, a constant supply of these hormones is neces-
sary for proper development of the brain, body growth 
and the maintenance of normal levels of basal metabo-
lism and functional activity in most organs. The iodine- 
containing thyroid hormones (T4 and T3) are genotropic 
agents activating various genes in the target organs. The 
most important target is the brain. In the case of deficient  
thyroid hormone production (due to lack of iodine, or  

Brain Iodine and Other Halogens of Control and Alzheimer’s 
Diseased Patients: Brain Iodine Deficiency in Alzheimer’s Disease
E. Andrási and N. Páli Institute of Inorganic and Analytical Chemistry, L. Eötvös University, 
Pázmány Péter sétány, Budapest H-1117, Hungary

Copyright © 2009 Elsevier Inc.
All rights of reproduction in any form reserved

Comprehensive Handbook of Iodine
ISBN: 978-0-12-374135-6

69



664 Pathological Aspects of Iodine Deficiency

different enzymopathies, e.g., iodine-peroxidase, deiodi-
nases, condensing enzyme, etc.) cretinism results. In patients 
with hypothyroidism (the extreme form is cretinism)  
the structure, and consequently the function of brain, 
is deteriorated. T4 and T3 help in forming the neural  
circuits; they are even involved in myelin sheath (the iso-
lator substance) formation around the axon, which con-
ducts electrical impulses. In hypothyroidism, the nerve  
conduction velocity is diminished, and thus mental activ-
ity is slowed down. Iodine deficiency constitutes a major 
public health problem. It represents one of the most com-
mon preventable causes of mental impairment in the 
world today (Pollak, 1993; Leonard and Wen, 2002).

Bromine has not been demonstrated to perform any 
essential function. Several brominated amino acids were 
isolated from marine organisms. It is known to be psy-
choactive, and was once used as a sedative and anticon-
vulsant. The amount of Br to which humans are exposed 
has increased in this century due to the increased use of 
Br-containing fumigants and increased mining wastes. 
Although there are reports of bromide intoxication result-
ing from excess intake of bromide-containing medications 
(Kunze, 1976), exposure to environmental Br, even at lev-
els higher than normal, seems to produce only minor neu-
robehavioral alterations (Anger et al., 1986).

Chlorine is well studied for its biological, and especially 
for, its electrolyte significance. It is essential for almost 
every organism and likely has a catalytic function. It is  
moderately toxic to mammals when injected intravenously, 
otherwise it is relatively harmless. It has received intense 
attention because of its well-known essentiality, but its top-
ographical distribution in the human brain is less known. 
Significantly decreased chlorine-adenosine-triphosphatase 
(Cl-ATPase) activity has been reported 1998 in AD  
brains, compared to age-matched controls (Hattori et al., 
1998).

Alzheimer’s disease (AD) is a serious neurodegenera-
tive disorder (Alzheimer, 1907). It is an age-related disease 
whose incidence is reported to be increasing substantially 
as the population ages, and the number of sufferers is  
predicted to double with every six years of life expect-
ancy. At the moment, more than three million persons 
in Europe suffer from such dementia, and approximately 
800000 new cases develop in a year (Launer and Hofman, 
2000; Lobo et al., 2000). In severe cases, the sufferer loses 
almost all cognitive functions and requires personal care 
that creates a high cost to society (Winblad et al., 2002). 
Despite intensive research efforts, the cause of the disease 
remains unknown.

AD has been associated with disturbed levels of a 
number of elements (Ehmann et al., 1986; Ward and 
Mason, 1987; Wenstrup et al., 1990; Crapper et al., 1991; 
Dedman and Treffy, 1992; Andrási et al., 1995, 2000a, b,  
2002, 2005; Stedman and Spyrou, 1997). The present 
work focuses on a group of so far lesser-studied elements, 
i.e., I, Br, and Cl.

Quantification of I in biological samples poses a challenge 
due to its low natural concentration. Tissue samples, 
especially human brain (high lipid content), are complex 
matrices. The shortfall of information is mainly due to the 
lack of adequate analytical techniques to determine I in 
such complex matrices (Iyengar et al., 1978; Iyengar and 
Woittiez, 1988).

Nuclear methods, especially instrumental neutron acti-
vation analysis, play an important role in determining the 
elemental composition of biological and environmental sam-
ples. A significant advantage of this technique, compared 
to spectrometric methods, is the lack of a digestion step, 
which otherwise inevitably results in dilution. Thermal 
instrumental neutron activation analysis (INAA) is sensi-
tive enough, but separation of short-lived I is imperative 
due to the high interfering activities of Cl, Br and Na. 
These, and some other interferences, can be reduced but 
not completely eliminated by epithermal NAA; thus, often 
the radiochemical separation of 128I is required (Dermelj 
et al., 1990; Kučera et al., 2001). In our experiments, a 
radiochemical neutron activation analysis (RNAA) proce-
dure was employed to the determination of I in samples of 
German control and AD subjects at the research reactor of 
the Hahn-Meitner Institute, Berlin. In the present work, 

Table 69.1 Some properties of I, Br and Cl in living organisms 
and the environmenta

Element Essentiality Toxicity Isotope halflife (t1/2)

I Essential for  
algae, higher 
plants, 
intervertebrates, 
and vertebrates

Elemental form 
may cause  
allergy; anionic 
form is scarcely 
toxic

129I (t1/2  1.6  107 
y) cosmogenic 
nuclide

131I (t1/2  8 days) 
fission product; 
radiotracer

Br Not known to  
be essential  
for any species

Elemental form  
is very toxic;  
anion form is 
relatively  
harmless

80Br (t1/2  4.4  h)
82Br (t1/2  36  h) 
radiotracers

Cl Essential for 
bacteria, algae, 
higher plants, 
intervertebrates 
and vertebrates

Elemental, 
hypochlorite,  
and chlorate  
forms are highly 
toxic; anion  
form is relatively 
harmless

36Cl (t1/2  3  105 
years) cosmogenic 
nuclide radiotracer

aThe table summarizes our knowledge about the essentiality, 
toxicity and isotopes of elements. It can be seen that the 
toxicity of elements depends on their chemical form. The 
isotopes of elements are rare cosmogenic nuclides. Nuclear fuel 
reprocessing, as well as reactor accidents, may release them to 
the biosphere. The isotopes are used as a radioactive tracer in 
medical practice.
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the INAA method was applied successfully for the deter-
mination of Br and Cl in human brain samples.

Sample Preparation

Brain samples were obtained from the Institute of 
Neuropathology, University of Munich, where samples 
were pathologically classified and stored at 70 °C until 
required. Tissue samples were dissected from the brains 
about 24 h after death. As the samples were received, they 
were lyophilized in a freeze dryer for about 5–7 days until 
constant weight. Weights before and after the drying pro-
cedure were recorded and dried-to-wet weight ratio was 
determined for each sample (Table 69.2). Instruments used 
for collecting tissue, storing and transporting were of the 
same material in all cases, and care was taken to avoid con-
tamination of the samples during collection and treatment 
(ceramic-, titanium-tools, high-purity laboratory). The 
samples were placed in polyethylene containers and kept 
at 18 °C until analysis.

The samples were collected from five German con-
trol patients between 51–73 years’ of age (mean age 58 
years). All the subjects sampled had diseases not involving 
the nervous system. Five AD subjects (age range: 56–84 
years, mean age: 82 years) were also sampled. Longitudinal 
clinical studies of patients with dementia give a definite 
diagnosis (Emery, 1998). The histological changes can be 
grouped into two main categories: neuronal alterations, 
which involve neurofibrillary tangles and granulovascular 

degeneration; and extraneuronal changes, which are char-
acterized by neuritic (senile) plagues (Alzheimer, 1907; 
Khachaturian, 1985; Leel-Őssy et al., 1998). These find-
ings proved pathognostic in AD, but they can also be 
found to a lesser degree within the hippocampus in nor-
mal old age. It must be emphasized that, among the path-
ologic markers, not only qualitative, but also a quantitative 
factor (the number of change) must be taken into account 
(Blessed et al., 1968; Leel-Őssy et al., 1998). The patho-
logical signs of AD were demonstrated by both biochemi-
cal and electron-microscopic methods (Khachaturian, 
1985; Leel-Őssy et al., 1998). Ten brain parts were investi-
gated from both groups (Table 69.2).

Using dry-to-wet ratios from Table 69.2, our results can 
be converted and compared to literature values expressed 
on wet weight basis. There are significant differences in dry 
weight content between the AD patients the and controls, 
indicating a slightly greater water content in some AD 
brain regions.

Applied Techniques

The low concentration level of I in brain samples requires 
sensitive analytical methods. At the Jožef Stefan Institute, 
Ljubljana, several techniques have been developed for the 
determination of 127I in different biospheric samples using 
a short irradiation to induce 128I (Dermelj et al., 1990). 
One RNAA method was applied for human brain analysis 
in NAAL-Berlin (BER II Reactor). The method consists 
of burning the activated samples in an oxygen atmos-
phere and separating 128I using oxidation–reduction and 
extraction cycles, while chemical yield was determined 
by spectrophotometry for each sample, using recovery of 
the elemental iodine carrier. Details of the procedure have 
been published 2004 (Andrási et al., 2004).

The RNAA method was optimized for the determination 
of low-concentration I in human brain samples. The detec-
tion limit for I in human brain samples, defined by 3 N  
where N is the number of background counts under the 
433 keV peak, was calculated (Currie, 1968). The quan-
tification limit (10 N ) would be about three times the 
corresponding value for the detection limit. Detection and 
quantification concentrations were calculated from limits 
of detection and quantification defined by Currie (1968) 
(Table 69.3). The sensitivity of our method was found 
to be adequate for occurring elemental concentrations. 
The precision, in terms of relative SD, was 5% at about 
50 ng · g1 levels of I.

The Br and Cl contents were measured by the 
INAA method. The irradiations were performed in 
the Institute of Nuclear Techniques, University of 
Technology and Economics, Budapest. The swim-
ming-pool type thermal reactor (th, max  2  1012

 ncm2  ·  s1, pth, max  100 kW) is operated with an 

Table 69.2 Function and dry weight content of the studied 
brain regionsa

Brain regiona Function

Dry weight content (%)

Control group AD group

Ammon’s horn Limbic system 18.50 14.50
Cortex entorhinalis Limbic system 16.37 16.18
Cortex frontalis  
 parasagittalis

Cognitive  
 function

16.90 16.76

Cortex frontalis  
 basalis

Cognitive  
 function

16.71 15.63

Area occipitalis Vision 20.86 16.48
Parietal lobe Knowledge 17.00 17.34
Thalamus Emotion 19.10 19.42
Caput nuclei  
 caudati

Movement  
 (inhibition)

17.79 12.17

Putamen Movement  
 (inhibition)

19.43 16.09

Globus pallidus Movement  
 (facilitation)

21.06 17.01

a Brains were sampled at ten different brain regions of five 
German control and five Alzheimer’s disease (AD) subjects. 
Before analysis, tissue samples were dried until constant weight 
by lyophilization. Weights before and after the drying procedure 
were recorded, and dry weight content was determined for each 
sample. The precision, in terms of relative SD, is 3%.



aluminum-clad uranium dioxide fuel element at 10% 
enrichment. The moderator and the coolant is light 
water, and the reflector is a combination of graphite 
and water. Dried samples (20–50 mg) were placed in 
high-purity polyethylene vials and irradiated. Details of 
the technique have been provided elsewhere (Molnár 
et al., 1993), and the parameters of the analysis are  
summarized in Table 69.3. The measuring system consists 
of a high-purity germanium well-type detector (energy-
resolution: 1.95 keV at 1333 keV) connected to a Canberra 
S100 multichannel analyzer. The -spectra were evaluated 
by the Sampo 90 program. A single comparator method 
was applied. Aluminum foils containing 0.1% aurum 
(comparator) and zirconium foils (flux monitor) were irra-
diated together with the samples. Analysis of randomly 
chosen blanks showed that the concentrations of these ele-
ments in vials are below the detection limits.

Measurement of Br by the INAA method introduces 
methodological problems as a result of increased β-(32P, 
t1/2  14.28 days, Eβ  1772 keV) and -background (24Na, 
t1/2  15.02 h, E  1368 keV and 38Cl, t1/2  37.2 min, 
E  1642 keV) induced by major matrix elements.  
Interference from the latter could be eliminated by 

 choosing suitable irradiation, cooling and measuring times 
(Table 69.3). The β-rays from 32P decay could be absorbed 
by a plastic cylinder where the sample was placed into 
the well-type detector. The major constituent, Cl, can be 
quantified interference-free in brain samples by INAA. 
The sensitivity and the accuracy of analysis were proved 
to be adequate (Tables 69.3 and 69.4). The relative SD was 
approximately 5% for Br, and about 3% for Cl.

In the case of analytical measurements, quality control 
may be based on interlaboratory or interanalytical method 
comparisons, or on the use of SRMs. At present SRMs are 
not available for certain matrices (including human brain); 
therefore, only SRMs with a similar composition could be  
analyzed to prove the accuracy of the applied methods. 
Another problem was the limited number of certified  
element concentrations in SRMs. Bovine liver 1577, 1577a 
and 1577b SRMs (National Institute of Standards and 
Technology (NIST)) were the best available to evalu-
ate our method. The agreement between our values and 
recommended (NIST) or literature values is adequate 
(Table 69.4) (NIST SRMs Catalog, 1990; Gladney, 1980; 
Gladney et al., 1987). A second quality control measure 
consisted of comparing RNAA results obtained in Řež 

Table 69.3 Elements determined by RNAA and INAA in brain samplesa

Radioisotope  
(n,  reaction) Half life -Ray (keV)

Irradiation 
time

Cooling 
time

Counting 
time aCD

bCQ

128I 25 min 443 5 min 45 min 20 min 5 15
82Br 35.6 h 544 6–8 h 5–8 days 3600 s 0.5 1.0

776 0.3 1.5
38Cl 37.2 min 1642 900 s 190–240 s 300 s 150 450

Note: Detection, CD, and quantification, CQ, concentrations in ng · g1 dry weight for I and in g · g1 for Br 
and Cl.
a20–50 mg of the dried samples were irradiated by thermal neutrons (n). The products are radioisotopes; 
each radioisotope has its own unique half life and emits radiation with characteristic energy (-ray). Counting 
of selected energy peaks (in keV) in the -spectrum was performed. The concentration of elements analyzed 
can be deduced from these measurements. Instrumental neutron activation (INAA) is sensitive enough for 
the determination of Br and Cl, but for the determination of I the radiochemical separation of 128I is required 
(RNAA).

Table 69.4 Concentration of elements determined by neutron activation analysis in biological standard reference materials (SRMs) 
(mean  SD; dry weight)a

Element

Bovine liver 1577 SRM Bovine liver 1577a SRM Bovine liver 1577b SRM

Recommendedb or 
literaturec values

Our values Recommendedb or 
literaturec values

Our values Recommendedb or 
literaturec values

Our values

I (ng · g1) 180b   209  21 243c  290  10 218  46c  188  41
234  31c

Br (g · g1) 9.1  0.9c    9.2  0.3 9b   9.6  1.3 9.7b   9.7  0.3
Cl (g · g1) 2700b 2685  100 2800  100b 2860  70 2780  60b 2810  100

2680  140c 2700  110c

a Accuracy of the applied techniques – radiochemical neutron activation analysis for iodine (I) and instrumental neutron activation 
analysis for Br and Cl determination – was checked by analysis of the National Institute of Standards and Technology (NIST) SRMs.
b Our values were compared with the recommended values of NIST SRMs Catalog (1990).
c Our values were compared with the literature values. Gladney, (1980); Gladney et al., (1987).
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and in Berlin for identical samples (Andrási et al., 2007).  
The two RNAA procedures showed a good agreement.

Iodine

Results of I determined by RNAA for control and AD  
subjects are summarized in Table 69.5. Values given for 
brain regions are the mean  SD dry weight for individuals. 
Very high I quantities (microgram per gram) were found in 
brain regions of two control and one AD subjects; therefore, 
these patients were excluded from further evaluation of data. 
The reason for this anomaly is unknown. It is possible that 
a six I atom-containing X-ray contrast substance was used 
previously, for example, for cholecystography. Another dif-
ficulty was that the I content of certain brain samples could 
not be measured, since insufficient quantities remained after 
determining other trace elements (Andrási et al., 2005).

The values of control brain regions indicate that the 
concentrations of I are consistently higher in brain regions 
of cognitive function than in other structures (Table 69.5). 
The higher I concentration indicates greater nuclear  
T4 receptor density in these brain regions. The least I con-
tent was found in the globus pallidus. The concentration 
range for I, from 54 to 159 ng · g1 dry weight, turned 
out to be similar to that reported in the literature (Iyengar  
et al., 1978). Satisfactory agreement was found between 
our results by the RNAA method and those by epither-
mal NAA (using chemical separation before irradiating the 
samples) in the literature (Ward and Mason, 1987).

The mean I concentrations in the investigated AD brain 
regions ranged from 36 to 89 ng · g1 dry weight. Results 
in Table 69.5 illustrate that I content is lower in some inves-
tigated brain parts of AD patients than in control human 
brain regions. No difference was seen in I concentration 
between the two groups in the area occipitalis. Statistical 
evaluation of mean data (Student’s t-test) revealed signifi-
cant differences in three areas: cortex frontalis parasagit-
talis (p  0.05), cortex frontalis basalis (p  0.05) and 
parietal lobe (p  0.001). The differences in the thalamus 
were less significant (p  0.08). Where a trend is indicated 
to be significant, the p-value is #0.05. When comparing 
our findings to literature data, we found that Ward and 
Mason (1987) did not observe I imbalance in two brain 
regions (cerebral cortex and hippocampus) of AD subjects  
compared to controls.

Elevated or decreased elemental levels are generally not 
apparent for individual subjects according to our results: as 
it seems from SD values, there is a wide range for individual 
I concentrations. The higher deviations in Table 69.5 are 
due to biological fluctuation and are not caused by lack 
of analytical performance. Although detailed comment at 
this stage is not possible, differences in I levels are evident 
between the control and the AD values. A possible explana-
tion is that the T4-receptor density is lower in AD brains 
because of diminished neuron numbers.

In our experiments we observed that I levels in a few 
Hungarian controls were significantly higher than those 
in German ones (Andrási et al., 2004). We analyzed more 
brain tissues from Hungarian control subjects to find out 
whether the above findings indicate a tendency, or were 
simply extreme cases. According to our results, the I con-
tent of the brain depends on geographical area, the mode 
and type of food consumption, and the use of supple-
ments (e.g., iodized salt) (Andrási et al., 2007). We have 
compared the mean values of the two groups and the indi-
vidual values of German and Hungarian control patients 
using the same method; no evidence of changes in I con-
centration with age has been seen.

Iodine is essential for the synthesis of thyroid hormones 
which play an important role in brain maturation, espe-
cially during early development stages (Delange, 2000). 
One hundred thousand children in a year are born with 
cretinism, and many times more are born with lesser 
mental or neurological deficits attributable to I deficiency 
(Pollak, 1993; Leonard and Wen, 2002; Wang et al., 
2000), which results from inadequate amounts of thyroid 
hormone being available to the developing fetal brain. 
Backward memory span, which involves performing a 
mental operation on the material held in store, was found 
to be associated with maternal T4 level in young children 
(Pharoah and Connolly, 1991).

Thyroid hormones regulate processes of terminal brain dif-
ferentiation, such as dendritic and axonal growth, synaptogen-
esis, neuronal migration and myelination. They also modulate 

Table 69.5 Iodine concentrations in brain regions of five 
German control and five AD patients (mean  SD; ng · g1 dry 
weight) and results of statistical treatmenta

Brain region
Control group  
(meanSD)

AD group  
(meanSD) p value

Ammon’s horn (52) (22) –
Cortex  
 entorhinalis

(94) 89  45 –

Cortex frontalis  
 parasagittalis

104  33 36  19 0.05

Cortex frontalis  
 basalis

100  37 42  26 0.05

Area occipitalis 74  25 71  26 n.s.
Parietal lobe 108  14 39  12 0.001
Thalamus 83  23 46  7 n.s.
Caput nuclei (86) 63  35 –
Putamen 159  137 63  13 n.s.
Globus pallidus 54  16 (44) –

aResults of iodine determined by radiochemical neutron activation 
analysis for control and AD subjects are summarized in this 
table. Applying statistical treatment to the data sets, mean, SD, 
confidence interval and significance (F-test, t-test) were calculated. 
Where a trend is indicated to be significant the p value is #0.05. 
Mean values cannot be given if we have only few data (parenthetic 
values); therefore, statistical treatment is not possible (–).  n.s.: there 
is no significant difference between the control and AD values.
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the establishment of neuronal networks through regulation of 
the number of microglia cells producing a neurotrophic factor 
(Mallat et al., 2002).

Thyroid-stimulating hormone is the most important 
regulator in the hypothalamus–pituitary–thyroid axis; 
via its receptor that is located on the surface of the basal 
membranes of thyroid follicular cells, it increases thyroid 
hormone levels by upregulating expression of the sodium 
iodide symporter, thyroid peroxidase and thyroid genes 
(Suzuki et al., 1998). Thyroid-stimulating hormone recep-
tor (TSHR) binds thyroid-stimulating hormone (TSH) and 
results in the production of thyroid hormones via activation 
of adenylate cyclase and phosphatidylinositol-dependent 
signaling pathways. It has been hypothetized that TSHR 
expression in the brain may be involved in local thyroid 
homeostasis through TSH stimulating 5-deiodinase (deio-
dinase III) activity. Extrathyroidal expression of TSHR 
was detected in human adipose tissue, brain, orbital tissue 
and several other tissues (Crisanti et al., 2001). There are 
two known cyclic adenosine-5-monophosphate (cyclic-
AMP)-mediated TSH effects: the activation of thyroxine 
secretion; and of protein iodination. Cyclic-AMP accumu-
lation is inhibited by the known negative regulators of this 
system in the thyroid, for example iodine, adenosine and 
acetylcholine.

Rat studies indicate that I deficiency can cause reduced 
brain weight, limited myelin formation, retarded men-
tal maturation, synaptic loss, a lowering of production of 
various enzymes, and slowing of the rates of protein and 
RNA (ribonucleic acid) synthesis (Foster, 2004). Similar 
processes occur in AD. In comparison with controls, the 
percent of brain cell apoptosis in rats in three treated 
groups (low I, high F, and in combination) was obviously 
higher, especially in the low I  high F group. With aging, 
brain cell apoptosis increased gradually in every group  
(Ge et al., 2005, 2006). In the central nervous system  
5-deiodinase (deiodinase II) is highly regulated, as judged 
by dramatic changes in enzyme levels obtained after 
abrupt alterations in thyroid status. A low dietary I intake  
significantly increases the activity of this enzyme in all 
brain regions of the rat, except the hypothalamus. The 
concentration of T3 in the major brain regions remained 
unchanged. The results obtained show a compensatory 
mechanism in pituitary and other brain regions to main-
tain T3 levels in brain tissue (Serrano-Lozano et al., 1993). 
Iodine deficiency in the marmoset caused a reduction in 
the weight of the fetal brain, in particular in the cerebel-
lum. Brain cell number was reduced in the cerebellum 
and brainstem, but cell size was reduced in the cerebral 
hemispheres. Histology of the brain revealed morphologi-
cal changes in the cerebellum and cerebral hemispheres 
(Mano et al., 1987).

In AD patients, using a single-photon emission tomogra-
phy scanner therefore allowing all cortical levels to be sam-
pled simultaneously, synaptic loss was found in all brain 

regions, except the occipital cortex. In particular, synaptic 
loss and hence functional loss in AD was significant in the 
temporal and parietal cortex (Sorricelli et al., 1996). The 
method constitutes an in vivo version of synaptic quantifi-
cation that, in histopathological studies, has been shown to  
correlate closely with mental deterioration in AD (Leel-
Őssy et al., 1998).

Bromine

Concentrations of Br obtained for control and AD brain 
samples by INAA analysis are shown in Table 69.6, along 
with the statistical significance in concentrations between 
the two groups as calculated by the Student’s t-test.  
The mean Br concentrations in the investigated con-
trol brain regions ranged from 1.13 to 2.80 g · g1 dry 
weight for control brain tissue. Highest mean values were 
found in the parietal lobe and the globus pallidus, and the  
lowest values were present in the cortex entorhinalis and 
the thalamus. Otherwise, brain Br levels had a relatively 
uniform topographic distribution, suggesting a lack of spe-
cific function in these regions. Our data correspond well 
with the ranges for control adults reported in the literature 
(Stedman and Spyrou, 1997). Markesbery et al. (1984) 
and Ward and Mason (1987) found values higher than our 
values for control subjects.

Br is ubiquitous in the environment (Underwood, 1977). 
This element occurs in inorganic forms (e.g., bromide and 
bromate) and in various organic forms, such as methyl bro-
mide, which is used as a fumigant or in halogenated anes-
thetics. Br is also abundant in the environment in association 

Table 69.6 Bromine concentrations in brain regions of five 
German control and five AD patients (meanSD; g · g1 dry 
weight) and results of statistical treatmenta

Brain region
Control group 
(mean  SD)

AD group 
(mean  SD) p value

Ammon’s horn (2.7) 4.30  0.69 –
Cortex entorhinalis 1.13  0.15 4.60  0.42 0.01
Cortex frontalis  
 parasagittalis

1.72  0.51 4.30  1.16 0.01

Cortex frontalis basalis 1.78  0.29 4.70  1.13 0.01
Area occipitalis 2.33  0.70 5.23  2.57 n.s.
Parietal lobe 2.80  1.21 5.03  2.66 n.s.
Thalamus 1.23  0.21 3.10  0.17 0.01
Caput nuclei caudati 1.85  0.13 2.43  0.61 n.s.
Putamen 1.67  0.47 3.88  1.42 n.s.
Globus pallidus 2.60  0.14 2.70  0.44 n.s.

a Results of bromine determined by instrumental neutron activation 
analysis for control and AD subjects are summarized in this 
table. Applying statistical treatment to the data sets, mean, SD, 
confidence interval and significance (F-test, t-test) were calculated. 
Where a trend is indicated to be significant the p value is #0.05. 
Mean values cannot be given, if we have only few data (parenthetic 
value); therefore, statistical treatment is not possible (–).  n.s.: there 
is no significant difference between the control and AD values.
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with lead in automobile exhaust fumes. Bromides are avail-
able to the public without prescription in popular nostrums, 
nerve tonics, headache remedies, cough cures and other med-
icaments. Furthermore, the Br level in plasma and serum has 
been shown to be largely dependent on Br supply (Versieck 
and Cornelis, 1980). The UK regulatory authority had inves-
tigated I recently, but had not investigated Br before. Dietary 
exposures to I and Br were calculated to see whether there 
were any risks to health from the levels of these elements 
found in the UK diet. The estimated population exposure 
(on an average) to I is 0.25 mg · d1 and to Br is 3.6 mg · d1 
(Rose et al., 2001); it was 0.25 mg · d1 and 2.3 mg · d1, 
respectively, in the German diet (Wyttenbach et al., 1987).

Increased concentrations of nonessential Br may reflect 
simple accumulation from the environment, altered bal-
ances with other elements, or impaired removal. Our study 
indicates that, in control adults, the blood–brain barrier 
or some other mechanism keeps Br levels within a stable, 
relatively low range.

From our data (Table 69.6), it can be seen that there are 
generally higher Br concentrations in the brain regions of 
AD subjects compared to the controls, with the exception 
of the globus pallidus. The mean Br concentrations ranged 
from 2.43 to 5.23 g · g1 dry weight for AD samples. 
Highest mean values were found in the area occipitalis 
and the parietal lobe, and the lowest levels were present in 
the caput nuclei caudati and the globus pallidus. The sta-
tistical evaluation showed that the differences between the 
control and AD mean values are significant in four inves-
tigated brain regions. As a general rule, it can be said that  
relative SD is higher in the AD group, especially in the 
parietal lobe and the area occipitalis. Ward and Mason 
(1987) found Br to be elevated in the hippocampus and 
cerebral cortex of AD subjects compared to controls. Br 
has also been found in increased concentrations in fron-
tal lobe samples of AD patients, according to the results of 
Stedman and Spyrou (1997).

Levels of Br are considerably elevated in the brain of 
infants; they then decline to 20–39 years and remain rela-
tively stable throughout life (Markesbery et al., 1984). In 
a recent study no correlation with age was observed for Br 
in the case of either white or gray matter (Boruchowska  
et al., 2001). Consequently, the change of Br concentra-
tion in the brain regions of AD patients is likely attribut-
able to the disease.

Relatively little is known about the actual cellular mech-
anisms by which Br exerts its effects on the central nerv-
ous system. It can substitute for Cl, or to a lesser extent 
for I, in cell processes. Sangster et al. (1983) have shown 
that interference of Br with, or substitution for, I can 
result in changes in T3 and T4 levels. Interference with Cl 
seems more likely a problem. The replacement of Cl by 
Br seems to have an effect on neurotransmitter function.  
AD is characterized by progressive cerebral cholinergic neu-
ronal degeneration (Jung et al., 1996). Roskoski (1974) 

showed that brominated components of the cholinergic 
system inhibit the action of choline acetyltransferase, an 
enzyme known to be affected in AD (Davies and Maloney, 
1976; Serretti et al., 2005). Choline acetyltransferase is 
inhibited reversibly by bromo-acetyl-CoA and bromoace-
tylcholine. Goodwin et al. (1969) showed that the replace-
ment of Cl by Br in the perfusing medium of slices of rat 
striatum diminished the release of noradrenalin and serot-
onin. The serotonin neurotransmitter system is affected in 
AD, and appears to influence the cognitive and behavioral 
symptoms of the disease (Sparks et al., 1986; Serretti et al. 
2005). Because brain Cl levels are much higher than those 
of Br (Table 69.6), the level of interference produced by 
Br in the brain is questionable, unless Br is selectively uti-
lized in place of Cl. This phenomenon has been shown to 
occur in eosinophils. Weis et al. (1986) showed that human 
eosinophils would preferentially oxidize Br to a halogenat-
ing intermediate (hypobromite) in the presence of at least 
1000-fold excess of Cl. It is a powerful and toxic oxidant, 
reacting with a variety of biomolecules, and can halogenate 
proteins.

The Br elevation observed in the hair and nails of AD  
subjects could also result from other causes. It has been 
shown that treatment with lithium carbonate results in 
elevated hair Br (Campbell et al., 1986). Perhaps other 
medications commonly taken by AD patients have simi-
lar effects. It has also been shown that Cl depletion greatly 
lengthens the elimination half life of Br (Raws, 1983). 
If AD subjects were on salt-restricted diets, the longer  
residence time of Br in the body could lead to increased 
Br levels in the hair and nails, and perhaps in the brain 
(Wance et al., 1990).

Chlorine

The data in Table 69.7 show that the concentration of Cl 
is higher in the cortex frontalis basalis and parasagittalis, as 
well as in the parietal lobe, of control patients than in other 
structures. Lower Cl values are seen in the basal ganglia, 
especially in the globus pallidus and the putamen, which is 
in accordance with another study (Markesbery et al., 1984). 
According to our data, Cl is probably unevenly distributed 
in different regions within the control brain. There is good 
agreement between our values and reported data for the 
distribution of Cl in the human brain, although the abso-
lute concentrations vary (Stedman and Spyrou, 1995).

For a long time it was not fully accepted that food 
can have an influence on brain structure, and thus on its 
function, including cognitive and intellectual operations 
(Bourre, 2004). The Cl concentration of the brain is likely  
influenced by medical treatment (e.g., infusion), the salt 
content of the diet and the amount of food eaten. The 
estimated average dietary exposure to Cl for the German 
population is 7575 mg · d1 (Wyttenbach et al., 1987).
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There are contradictory reports in the literature about 
the change in Cl concentrations with the aging process. Cl 
levels exhibited a significant increase in the control brain 
with advancing age, according to the study of Markesbery 
et al. (1984). Boruchowska et al. (2001) observed that the 
change of Cl concentration in control brain is rather lim-
ited throughout life.

The results in Table 69.7 illustrate that Cl content is sig-
nificantly higher in six brain regions of AD subjects than 
in control human brain regions. Cl has also been found in 
increased concentrations in samples taken from the frontal 
cortex of AD subjects (Stedman and Spyrou, 1997).

It is well-known that Br can substitute for Cl in tis-
sues (Goodwin et al., 1969). The two stable isotopes of Br 
could effectively be used by inductively coupled plasma 
mass spectrometry (ICP-MS) for studies of the dynamics 
of Br transport in the body, and also in the much-neglected 
field of Cl metabolism in human subjects (Janghorbani  
et al., 1988). An important example of the last possibility 
relates the known disturbances in electrolyte (Cl and Br) 
metabolism in cystic fibrosis (Theile et al., 1985; Miller  
et al., 1986).

In the study of Makjanic and Watt (1999), both neu-
rons and surrounding tissue in AD hippocampus, amy-
gdala, and midtemporal gyrus are observed to be enriched 
in Na, Cl, P, S, Fe and Zn when compared with control 
tissue. Our previous and present results are in good agree-
ment with this finding (Andrási et al., 2000a; Bélavári  
et al., 2003).

Na, K and Cl as monovalent ions are important in 
generating electrical potential by movement through 

cell membranes. The decline in brain weight, loss of  
neurons and increase in astrocytes in AD are accompa-
nied by increased water content (Table 69.2). Our data and 
those of others agree well (Stedman and Spyrou, 1997). 
The alterations we have observed in Na, K and Cl content 
are not readily explained in relation to intracellular and 
extracellular spaces or neuronal or glial compartments. In 
the pathogenesis of AD, the role of oxygen-free radicals has 
been emphasized (Smith et al., 1997). It is likely that an 
altered membrane fluidity, as produced by oxidative dam-
age, leads to impaired sodium–potassium-triphosphatase 
(Na/K-ATPase) activity, resulting in enhanced Na and Cl 
and decreased K concentrations.

Data of Hattori et al. (1998) demonstrated that  
Cl-ATPase and Na/K-ATPase are selectively impaired 
in AD brains, which may reduce the gradients of Na, K 
and Cl ions across the cell membranes to cause excitotoxic  
cellular response and resulting neuronal death.

The actual appearance of nerve tissue is quite delayed 
in the embryo and it is recognized by the appearance in 
some cells of the special Na/K-ATPase (Williams, 2003). 
It has been shown that mutational damage to this ATPase 
gene causes severe brain dysfunction and ultimately death, 
in the fetal stage (Messenger and Warner, 1979).

It is of interest that the infant brain is, in some ways, 
comparable to the aged and AD brain: it contains abun-
dant Na and Cl, low P and Rb; and more water than 
younger adult brains (Markesbery et al., 1984).

Our findings prove that the distribution of the elements 
examined in this work is related to the functional activ-
ity with which these elements are connected, especially 
in the case of iodine. The type and extent of the specific 
functional activities that determine preferential binding 
of the various elements are not yet understood. A detailed 
explanation of the present findings must await further 
investigation of the anatomical, biochemical and electro-
physiological mechanisms involved.

Correlation Between Elements

We studied the possible elemental connections in both 
groups and between the two groups using our previous 
(Andrási et al., 2000a) and new data on elemental distribu-
tion in control and AD subjects. For that purpose, correla-
tion was checked between I and some selected elements, 
such as Br, Cl, Fe, Zn and Se, using separate data for each 
individual and brain region.

AD is associated with oxidative stress and changes in 
element metabolism (Smith et al., 1996). It is possible 
that free radicals play a key role in AD. Therefore, concen-
tration data of elements such as Fe, which is a catalyst in  
the production of free radicals, and Zn, an antioxidant, are 
of major importance (Smith et al., 1997; Hao and Maret, 
2006). Fe is necessary to ensure oxygenation to produce 

Table 69.7 Chlorine concentration in the brain regions of five 
German control and AD patients (mean  SD; g · g1 dry weight) 
and results of statistical treatmenta

Brain region
Control group 
(mean  SD)

AD group 
(mean  SD) p value

Ammon’s horn 6700 11,100 –
Cortex entorhinalis 8770  1020 17,700 –
Cortex frontalis 
 parasagittalis

9430  1220 17,200  3740 0.01

Cortex frontalis basalis 11,020  2680 14,900  4050 n.s.
Area occipitalis 8570  420 13,330  4400 0.05
Parietal lobe 9280  3180 15,950  2670 0.05
Thalamus 7240  1060 15,000  1840 0.01
Caput nuclei caudati 7690  860 9300 –
Putamen 6440  810 12,430  2280 0.01
Globus pallidus 5050  530 9300  2600 0.05

a Results of chlorine determined by instrumental neutron activation 
analysis for control and AD subjects are summarized in this 
table. Applying statistical treatment to the data sets, mean SD, 
confidence interval and significance (F-test, t-test) were calculated. 
Where a trend is indicated to be significant the p-value is #0.05. 
Mean values cannot be given, if we have only few data (parenthetic 
values) and therefore statistical treatment is not possible (–). n.s.: 
There is no significant difference between the control and AD 
values.
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energy in the cerebral parenchyma (via cytochrome oxi-
dase), and for synthesis of neurotransmitters and myelin 
(Bourre, 2004). Fe deficiency found in children with  
attention deficit hyperactivity disorder is linked to pertur-
bation of the development of cognitive functions (Bourre, 
2006).

Among the essential trace elements, Zn has the greatest 
number and variety of functions in hundreds of enzymes. 
In spite of the fact that Zn ions are redox inert in biology, 
they have profound effects on redox metabolism. Thus, 
both Zn deficiency and Zn overload elicit oxidative stress 
that can lead to the death of nerve cells (Hao and Maret, 
2006). The thyroid requires the presence of some essential 
elements other than I for the synthesis of thyroid hormones, 
for example Fe, Zn and Se (Zimmermann and Köhrle, 
2002). Thyroid hormones exert their effects through nuclear 
receptors, and the T3 nuclear receptor is a Zn-containing 
protein (Miyamoto, 1991).

It has been shown that Se, in addition to I, is directly 
related to thyroid hormone metabolism because the deiodi-
nases (I, II, and III types) contain Se. Zn, Ca and Mg, are 
also involved in thyroid metabolism (Arthur, 1991; Simsek 

et al., 1997). The protective role of Se against harmful oxy-
gen species is proven with enzyme glutathione peroxidase, 
which is capable of degrading hyperoxides and reduces 
oxidizing agents at membrane sites in the brain. A further 
role of Se in thyroid hormone metabolism is the exacer-
bation of some of the thyroid changes in I deficiency by 
a concurrent Se deficiency. Se status, therefore, may have 
a major influence on the outcome of I deficiency in both 
human and animal populations (Arthur, 1991; Zagrodzki 
et al., 1998; Liu et al., 2001, 2004). The effects of Se on 
thyroid hormone metabolism were studied on mice with 
excessive I exposure. It was found that Se supplementa-
tion exerted some favorable effects on thyroid hormone 
metabolism in the cerebrum of mice with I intake. The 
activity of T3, T4 and deiodinase III in the cerebrum 
decreased, whereas deiodinase II activity increased (Guo  
et al., 2006).

Calculated between-group and within-group correla-
tion data are summarized in Tables 69.8 and 69.9. Control 
and AD results correlated in the case of two elements only: 
Cl and Fe (Table 69.8). Control and AD Br data showed 
correlation as well ( p  0.09), although to a lesser extent. 
Correlation for Fe is highly significant ( p  0.0001), 
which may underline the hypothesis of several investigators 
about the role of this element in the progression of AD.

When investigating interelemental relationships the 
following observation can be made (Table 69.9): first, an 
inverse (negative) correlation was found between I and 
Cl, between I and Br, and between Br and Cl, which is  
possibly due to their metabolic interchangeability. 
These correlations are significant only between I and Cl 
( p  0.05) in the control group and between Br and Cl 
( p  0.01) in the AD group. Another interesting finding 
is that the correlation is reverse (positive) between Br and 
Cl in the AD group compared to the controls. This phe-
nomenon shows the altered relationship between the ele-
ments in AD. This might signal – at least in this respect 
– slightly different biological behavior of Br and Cl, 
despite their high degree of chemical similarity.

Table 69.8 Correlation between control and AD values for  
different elementsa

Element
Correlation  
coefficient Number of data p value

I 0.233 24 n.s.
Br 0.341 26 n.s.
Cl 0.492 27 0.01
Fe 0.642 37 0.0001
Se 0.154 34 n.s.
Zn 0.155 36 n.s.

a The possible elemental connections between the two groups 
using our previous and new data on elemental distribution in 
control and AD subjects were studied. The correlation was 
checked using separate data for each individual and brain region. 
Where a trend is indicated to be significant the p value is #0.05. 
n.s.: there is no significant correlation between control and AD 
values.

Table 69.9 Inter-elemental correlation in the control and AD groupsa

Elements
Control group correlation 
coefficient

Number  
of data p value

AD group correlation 
coefficient

Number  
of data p value

I–Br 0.178 29 n.s. 0.145 25 n.s.
I–Cl 0.360 34 0.05 0.093 23 n.s.
Br–Cl 0.062 29 n.s. 0.543 25 0.01
I–Fe 0.311 18 n.s. 0.512 24 n.s.
I–Se 0.450 18 n.s. 0.254 24 0.01
I–Zn 0.388 18 n.s. 0.404 24 0.05

a The possible elemental connections within the groups using our previous and new data on elemental distribution in control and 
AD subjects were studied. The correlation was checked between I and some selected elements such as Br, Cl, Fe, Zn and Se 
using separate data for each individual and brain region. Where a trend is indicated to be significant the p value is #0.05. n.s.: 
there is no significant correlation between the pairs of elements.
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An equally significant (positive) correlation ( p  0.01) 
was found in the case of the I–Se pair in the AD group. 
Weaker, but still significant (positive), correlation 
( p  0.05) could be observed between I and Zn in the 
AD group. The connection between I and Fe seems similar 
to that of the Br–Cl pair. Interestingly, the significant cases 
in the AD group outnumber that in the control group. 
Correlations that were found to be different in the control 
and the AD cases, where no significant difference in mean 
concentration was found by t-test, are due to changes in the 
distribution pattern of these elements in AD. Correlation 
studies for elements in the human brain are scarce in the 
literature, especially in AD cases. Similar correlation for 
the Br–Cl pair was found analyzing samples from fron-
tal lobe in the control and the AD groups (Stedman and  
Spyrou, 1997).

Our data and the correlations found may help us to bet-
ter understand the role and interactions of the studied ele-
ments in the human brain. To advance our understanding 
concerning the possible role of elements in AD, further 
studies are necessary to provide information on the locali-
zation of elements in cells or pathological structures. An 
enhanced knowledge of the biochemical interaction of ele-
ments such as I, Br and Cl is also clearly needed.

Summary Points

l Iodine is an essential trace element for humans and 
animals. It forms an indispensable part of thyroid  
hormones. In the case of deficient thyroid hormone 
production (due to lack of iodine, etc.) cretinism results. 
Iodine deficiency constitutes a major public health prob-
lem. It represents one of the most common preventable 
causes of mental impairment in the world today.

l As shown by both available literature and our investiga-
tions, concentrations of elements in tissues show con-
siderable variations in different parts of the world. To 
generate control (normal) values in the brain and other 
tissues, only data from a given country should be taken 
into account. In studies concerned with the decision on 
the need for a salt iodiztion program, the data on con-
centration levels of iodine in different foodstuffs must 
also be considered.

l AD is a serious neurodegenerative disorder. It is an 
age-related disease whose incidence is reported to be 
increasing substantially as the population ages, and the 
number of sufferers is predicted to double with every  
six years of life expectancy. At the moment, more 
than three million persons in Europe suffer from such 
dementia and approximately 800000 new cases develop 
in a year. In severe cases, the sufferer loses almost all 
cognitive functions and requires personal care, which 
creates a high cost to society. Despite intensive research 
efforts, the cause of the disease remains unknown.

l Several elements are suspected or known to be involved 
in neurological disorders such as AD; therefore, elemen-
tal distribution studies have received much attention 
in recent years. Nevertheless, quantitative data on I, 
Br and Cl in organs, especially in the human brain, are 
scarce. Despite the small number of subjects involved, 
the present study may represent a useful contribution to 
studies in the field of human brain analysis.

l It is an interesting finding that in control patients 
the concentration of I is consistently higher in brain 
regions of cognitive function than in other structures. 
Significantly, lower I values were found in some AD 
brain regions compared to controls. A possible explana-
tion is that the thyroid hormone (T4)-receptor density 
is lower in AD brains, because of diminished neuron 
numbers in the disease.

l We observed increased bromine concentrations in brain 
regions of AD subjects compared with controls. Br can 
substitute for Cl. The replacement of Cl by Br seems to 
have an effect on neurotransmitter function. It has been 
shown that brominated components of the cholinergic 
system inhibit the action of choline acetyltransferase, an 
enzyme known to be affected in AD.

l Our results illustrate that Cl content is substantially higher 
in AD specimens than in control human brain regions. 
The role of oxygen-free radicals has been emphasized in 
the pathogenesis of AD. It is likely that an altered mem-
brane fluidity, as produced by oxidative damage, leads to 
impaired enzyme activities resulting in enhanced Cl, Na 
and K, which then cause neuronal death.

l We hope that the trends observed in our present study 
will be a challenging stimulus for further research work. 
The concentration of elements in the body and the 
brain depend on our environment, which is constantly 
being altered by man through various activities. We pro-
pose to look after the environment so as to take care of  
ourselves.
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Abstract

Hypothyroxinemia is a condition characterized by normal 
thyroid-stimulating hormone (TSH) concentrations, but 
maternal free-thyroxine concentrations that are below the 
normal range for the stage of pregnancy. It occurs in very 
specific environmental and/or physiological circumstances, 
namely iodine deficiency and pregnancy. The coexistence 
of both of these conditions results in the highest risk of 
gestational hypothyroxinemia in the mothers, because 
the maternal thyroid gland cannot adapt to the increased 
hormonal requirements due to inadequate iodine avail-
ability. The epidemiological and experimental findings of 
the last few decades have demonstrated the critical need 
for adequate fetal thyroid hormone concentrations from 
the earliest stages of pregnancy, in order to achieve nor-
mal neurodevelopment. Whether or not minor degrees 
of maternal thyroid underfunction can be harmful to the 
fetal brain has been extensively debated. There is now evi-
dence that maternal hypothyroxinemia during early gesta-
tion may lead to irreversible brain damage in the progeny, 
covering a broad spectrum of neurological phenotypes 
(endemic cognitive deficiency, minor neurological disor-
ders, ADHD, intelligence deficit and autism). This being 
the case, early screening programs for maternal thyroid 
failure in mild-to-moderate ID areas need to be urgently 
implemented in western countries. The mass screening of 
pregnant women during the first trimester should consist 
of either serum FT4 or TSH assay as diagnostic criteria, 
and monitoring of maternal thyroid function should be 
encouraged in order to correct maternal hypothyroxinemia 
promptly and consequently prevent irreversible neurologi-
cal damage in the progeny.

Abbreviations

ADHD Attention deficit hyperactivity disorders
D2 Type II 5-iodothyronine deiodinase
FT3 Free tri-iodothyronine
FT4 Free thyroxine

ID Iodine deficiency
IDD Iodine deficiency disorders
IS Iodine sufficiency
MTF Maternal thyroid failure
NBAS Neonatal behavioral assessment scale
T3 Triiodothyronine
T4 Thyroxine
TBG Thyroxine binding globulin
Tg Thyroglobulin
TSH Thyroid-stimulating hormone
USI Universal salt iodization

Introduction

The term “hypothyroxinemia” was first introduced by 
Evelyn Man in the early 1970s (Man, 1972) to indicate 
a condition characterized by maternal serum thyroxine 
(T4) values that fall below the normal range for each tri-
mester of pregnancy, regardless of any symptoms or signs 
of hypothyroidism. Since then, the term has been widely 
employed, mostly (but not only) by researchers involved 
in the field of iodine deficiency disorders (IDD), to define 
the biochemical status of pregnant women whose free-thy-
roxine (FT4) concentrations were found to fall below the 
lowest third–tenth percentile of reference values for their 
stage of gestation, irrespective of thyroid-stimulating hor-
mone (TSH) concentrations. The expression “gestational 
hypothyroxinemia” refers, here and elsewhere in this chap-
ter, to a condition characterized by normal serum TSH 
levels, but maternal free-thyroxine concentrations that 
are below the normal range for that stage of pregnancy, 
distinct from both subclinical and overt hypothyroidism 
(Table 70.1).

For the vast majority of clinicians, hypothyroxine-
mia is regarded as a physiological condition, not requir-
ing treatment and not to be included in the well-defined 
spectrum of thyroid underfunction disorders, such as 
subclinical or overt hypothyroidism. In 2000 however, 
the review by Gabriella Morreale de Escobar entitled  

A Novel Iodine Deficiency Disorder: Gestational Hypothyroxinemia –  
How Safe is it for Progeny?
Mariacarla Moleti, Francesco Trimarchi and Francesco Vermiglio Dipartimento  
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“Is neuropsychological development related to maternal 
hypothyroidism or to maternal hypothyroxinemia?” drew 
attention to the relationship between low maternal free-
thyroxine concentrations and impaired neuropsychologi-
cal development in children (Morreale de Escobar et al., 
2004). This hypothesis has since been supported by further 
clinical and basic data, reinforcing the idea that screening 
programs should be implemented systematically in order 
to correct any maternal thyroid underfunction promptly 
and ultimately prevent fetal brain damage.

The following paragraphs will discuss the mechanisms 
underlying the pathogenesis of iodine-deficiency-related 
gestational hypothyroxinemia, examine experimental and 
epidemiological evidence of impaired neurodevelopment 
in the offspring of hypothyroxinemic mothers, and analyze 
proposed means of preventing/correcting maternal thyroid 
underfunction.

Table 70.1 Definition of hypothyroxinemia

TSH FT4 Thyroid underfunction

Over the normal 
range

Below the normal 
range

Overt hypothyroidism 
(OH)

Over the normal 
range

Within the normal 
range

Subclinical 
hypothyroidism (SH)

Within the normal 
range

Below the normal 
range

Hypothyroxinemia

Notes: Gestational hypothyroxinemia is defined by serum FT4 
concentrations below the normal range for gestational age but 
with normal TSH values. Conversely, serum TSH concentrations 
are above the upper limit of normal range in both overt and 
subclinical hypothyroidism.

Iodine Deficiency-Related Gestational 
Hypothyroxinemia

Background

Several physiological (including hormonal and metabolic) 
changes occur during pregnancy, deeply affecting maternal 
thyroid economy. These changes are summarized in the 
figure below and briefly discussed here (Figure 70.1).

As a consequence of enhanced renal iodide clearance 
from plasma and the transplacental transport of iodide, the 
extrathyroidal iodide pool becomes significantly depleted 
from the very first weeks of gestation. This has minimal 
impact on thyroid function, provided that iodine intake 
is adequate, since intrathyroidal iodine stores are generally 
sufficient to meet ever-increasing thyroid hormone demand. 
Indeed, over the first trimester, an increase in thyroid out-
put of both triiodothyronine (T3) and T4 is observed, due 
to the thyrotropine-like action of human chorionic gona-
dotropin (hCG), concentrations of which peak toward the 
end of this trimester. Consequently, a transient decrease in 
serum TSH concentrations occurs, with thyrotropin levels 
falling below the lower limit of the reference range in some 
cases (about 20% of pregnancies). Also, from the first tri-
mester of gestation, estrogens induce increased hepatocyte 
synthesis of thyroxine-binding globulin (TBG), mainly 
in highly sialylated moieties with longer plasma half lives, 
concentrations of which almost double by midgestation. 
The increase in TBG concentration is followed by a par-
allel increase in thyroid hormone output (about 50% over 
gestation) designed to maintain free-hormone levels and, 
ultimately, guarantee maternal euthyroidism.

↑ OUTPUT OF T4 (and T3)

STIMULATORY
EFFECTS

ON THYROID

Placental T4/T3
deiodination

Transplacental T4/I
transport

MATERNAL
IODINE POOL
REDUCTION

↑ Renal blood flow
    and glomerular filtration

INCREASED
RENAL IODINE

LOSS

High estrogen
levels

TSH-like activity
of β-hcg

 ↑ Renal iodine
clearance from plasma

Relative decrease
in free hormones

Serum TSH increase

↑ Serum TBG
levels

Figure 70.1 The figure shows regulation of thyroid function in normal pregnancy. As a consequence of enhanced renal iodide clear-
ance from plasma and the transplacental transport of iodide, the extrathyroidal maternal iodine pool becomes significantly depleted. 
Estrogens induce increased hepatocyte synthesis of thyroxine-binding globulin (TBG), mainly in highly sialylated moieties with longer 
plasma half lives, followed by a parallel relative decrease in free thyroid hormones. Provided that iodine intake is sufficient, an increase in 
thyroid output of both T3 and T4 ultimately occurs as the result of stimulatory effects on the thyroid of both thyroid-stimulating hormone 
(TSH) per se and thyrotropine-like action of human chorionic gonadotropin (hCG).
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In two conditions, namely when the functional capacity 
of the thyroid gland is impaired (i.e. autoimmune thyroid 
disease) or during pregnancy in healthy women residing in 
iodine-deficient areas, the maternal thyroid gland cannot 
easily adapt to the increased hormonal requirements, and 
variable degrees of maternal thyroid failure (MTF) may 
occur over the course of gestation.

Iodine deficiency and maternal thyroid function

The mechanisms underlying MTF as a result of inadequate 
iodine intake were first elucidated by Glinoer in a study 
carried out in pregnant women from a marginally iodine-
sufficient area (Bruxelles). In particular, the author observed 
a steady increase in serum thyroglobulin (Tg) from the first 
trimester onward. Serum Tg proved supranormal in one-
third of pregnancies during the first trimester and in two-
thirds at parturition. The estrogen-dependent TBG increase 
was not matched by a proportional T4 increase, likely 
due to inadequate dietary iodine availability. As a conse-
quence of the divergent longitudinal changes in serum T4 
and TBG concentrations, TBG saturation by T4 declined 
steadily. This ultimately resulted in a reduction in maternal 
serum FT4 levels over the course of gestation and therefore, 
in a decrease in the availability of maternal thyroid hor-
mone to the fetus (Glinoer et al., 1990).

Iodine-deficiency-related early gestational 
hypothyroxinemia

A similar trend was observed in two longitudinal studies 
carried out by our research group in a series of women 
living in a moderately iodine-deficient region of Sicily. 
These studies were designed to evaluate changes in  

maternal thyroid economy during the first half of preg-
nancy and over the course of gestation. In order to rule out 
any factor known to interfere with maternal thyroid econ-
omy, very stringent exclusion criteria for the enrolment 
of these women were adopted. These mainly consisted of 
the absence of previous or present chronic diseases or dys-
function of major organs, especially thyroid dysfunction 
and thyroid autoimmune disease. Moreover, the pregnant 
women did not take any medication other than multivita-
min compounds not containing iodine. In the first study, 
thyroid function tests, including measurement of total 
and free T4 and T3, TBG and TSH concentrations, were 
performed on the serum of euthyroid pregnant women 
at 8, 13 and 20 weeks of gestation; these sampling times 
roughly corresponded to the periods prior to, concomitant 
with and subsequent to the onset of fetal thyroid func-
tion. The results of all thyroid function tests were com-
pared to those from a control group of pregnant women 
living in the nearest marginally iodine-sufficient area. The 
main findings of the study are summarized and illustrated 
in Figures 70.2 and 70.3. Subjects from the study area dis-
played reduced maternal thyroid output of thyroxine, 
which was out of step with progressively increasing thyrox-
ine-binding globulin levels. This divergent trend between 
T4 and TBG led to the progressive desaturation of TBG 
by T4, causing a parallel decline in FT4 generation, last-
ing up to the 20th week of gestation. At the same time, 
a higher T3 output by the maternal thyroid, and a corre-
sponding increase in the T3/T4 ratio, could be observed 
in the study group, but not in the (marginally) iodine-suf-
ficient women as a result of progressive hypothyroxinemia. 
Serum TSH increased with the decline in serum FT4 and 
finally, hypothyroxinemia (low serum FT4 concentra-
tions with normal TSH) or subclinical hypothyroidism  
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Figure 70.2 The figure shows changes in maternal thyroid economy in iodine-deficient () and iodine-sufficient () pregnant women 
during the first half of gestation. Left panels: average values (SD) of (a) free thyroxine (FT4); (b) T4; (c) T3; and (d) TBG saturation by 
T4 at 8, 13, and 20 weeks of gestation in both iodine-deficient () and iodine-sufficient () areas. *p  0.05; **p  0.01; ***p  0.001. 
Right panels: average values (SD) of (a) FT4; (b) free triiodothyronine (FT3); (c) TSH; and (d) T3/T4 molar ratio at 8, 13, and 20 weeks of 
gestation in both iodine-deficient () and iodine-sufficient () areas. *p  0.05; **p  0.01. Reproduced with permission from Vermiglio 
et al., (1995).
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(marginally high TSH with normal free thyroid hormones) 
occurred in about 50% of the iodine-deficient pregnant 
women during the first half of gestation. This study ulti-
mately demonstrated that a TSH-related compensation 
mechanism was activated in order to guarantee maternal 
euthyroidism through the preferential secretion of T3 in 
iodine-deficient mothers, but that this mechanism failed 
in 50% of these women (Vermiglio et al., 1995).

Iodine-deficiency-related late gestational 
hypothyroxinemia

In the following study, observation was prolonged 
throughout gestation. This study showed the compensa-
tory mechanism of preferential T3 secretion, previously 
found to operate up to the 20th week of gestation, to fail 
in the second half of gestation. This indicated the mater-
nal iodine pool was unable even to guarantee “T3 mater-
nal euthyroidism” as suggested by a reduction in total 
and free T3 concentrations, combined with an increase in 
serum TSH. The latter observation vindicates the role of 
preferential T3 secretion in maintaining pituitary nega-
tive feedback on TSH secretion, and demonstrates how 
the trend toward overt hypothyroidism derives from the 
failure of this specific mechanism of adaptation to iodine 
deficiency (ID). Moreover, the progressive decrease in 
serum FT4, observed during the first half of pregnancy, 
continued during the second half of gestation (Figures 70.4 

and 70.5). This trend over the second half of pregnancy 
finally resulted in a further increase in the prevalence of 
maternal thyroid function failure (70% at pregnancy term) 
(Vermiglio et al., 1999).

Effects of “silent iodine prophylaxis” and 
iodized salt implementation programs in 
pregnant women

At the time these studies were carried out, between the late 
1980s and early 1990s, the availability of dietary iodine 
was significantly higher than in the late 1970s, when the 
classical variants of endemic cretinism (neurological and 
myxedematous) had been described. This improvement, 
in the absence of national programs of iodine prophy-
laxis, could only be explained by the phenomenon known 
as “silent iodine prophylaxis,” and was mirrored by the 
disappearance of more severe phenotypes of neurologi-
cal damage and by a reduction in the prevalence of goiter  
in schoolchildren. In the early 1990s, however, the  
observation of minor neurological disorders in euthyroid 
children from the same area (Vermiglio et al., 1990) sug-
gested these kinds of disorders were likely related to the 
iodine-deficiency-induced MTF previously reported in 
this area.

As a result, by 1999, in the absence of an efficient 
national universal salt iodization (USI) program, we intro-
duced a program of iodine implementation designed to 
encourage voluntary consumption of iodized salt in both 
fertile-age and pregnant women living in the moderately 
iodine-deficient area previously studied.

The effect of this iodine prophylaxis program on mater-
nal thyroid function over gestation is now the object of 
a prospective study, still in progress, involving to date 
about 350 women. For the purposes of the study, ulti-
mately aimed at preventing irreversible neurological dam-
age in progeny, maternal thyroid function is monitored 
every 4–5 weeks starting from the first prenatal examina-
tion (as early as week 6–8 of gestation). l-thyroxine therapy 
is given to all women who develop MTF, including either 
overt/subclinical hypothyroidism or isolated hypothy-
roxinemia (free-thyroxine concentrations below the low-
est third percentile of normal gestational FT4 values but 
normal TSH). The women are divided into two groups 
depending on the duration of their iodine prophylaxis 
program: the iodine-sufficient group (IS) includes women 
who regularly used iodized salt for at least 2 years prior 
to becoming pregnant; and the iodine-deficient group 
(ID) includes women who began iodized salt consump-
tion on becoming pregnant. The preliminary results of 
this study relate to the first 100 consecutive euthyroid 
and antibody-negative pregnant women referred to our 
unit. The adequacy of daily dietary iodine intake of IS 
women is indicated by the highest median urinary iodine 
excretion values along with the lowest mean values of  
thyroid volume, serum Tg and T3 concentrations registered 
at initial antenatal examination. Also, mean serum FT4 
concentrations at booking are significantly higher in IS 
women than in ID women, whereas no difference in mean 
serum TSH levels is detectable between the two groups at 
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Figure 70.3 The figure shows linear regression between 
FT4 and ln TSH in iodine-deficient pregnant women during the 
first half of gestation. A highly significant inverse relationship 
(y  1.54x  13.88; r  0.54; p  0.0001) was observed 
between FT4 levels and lnTSH in iodine-deficient pregnant women 
at early gestation. Reproduced with permission from Vermiglio  
et al., (1995).
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the time of first sampling. The main preliminary findings 
of this study are consistent with an almost nine-fold higher 
prevalence of MTF in the ID group than in the IS group 
in the second trimester of gestation (27.8% vs. 3.2%). In 
further follow-ups, however, the difference in MTF preva-
lence between the two groups tends to become much less 
evident, due to a marked increase in MTF prevalence in 
the IS group (26.9% vs. 13.3%). This trend in the “iodine-
sufficient” group can be explained by the steady depletion 
of intrathyroidal iodine stores, which become inadequate 
to fulfill the increased thyroid hormone demand in the 
last trimester of gestation. It is noteworthy that the vast 

majority of women diagnosed with MTF are found to 
have isolated hypothyroxinemia (86.2%), with serum 
TSH levels never exceeding an upper limit of 2.5 U/ml. 
Furthermore, in more than 90% of affected women, MTF 
has been found to occur during the second and third tri-
mesters of gestation (Figure 70.6). It is our belief that the 
latter observation is of great clinical significance, because 
it implies that MTF can occur even in women who are 
euthyroid at early gestation, and can be properly detected 
(and promptly remedied) only by measuring maternal  
thyroid hormone values over the full three trimesters of 
gestation (Moleti et al., 2006).
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Figure 70.4 The figure shows changes in maternal thyroid economy in iodine deficient () and iodine sufficient () pregnant women 
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Why Should We Care about Iodine-
Deficiency-Related Maternal 
Hypothyroxinemia?

Evidence and timing of the physiological 
mechanisms designed to guarantee adequate 
bioavailability of thyroid hormone/iodine to the 
fetus

The epidemiological and experimental findings of the 
last few decades have demonstrated the critical need for 
adequate fetal thyroid hormone concentrations from the 
earliest stages of pregnancy, in order to achieve normal 
neurodevelopment.

Prior to the onset of fetal thyroid function, namely by 
6 weeks of gestation, T4 has been proven to be measur-
able in all fetal fluids and in concentrations that correlate 

meaningfully with circulating maternal T4 levels, while 
T3 levels are almost negligible by that time and beyond 
(Calvo et al., 2002). Conversely, in the human fetal brain, 
T3 has been found in purified extracts as early as 9 weeks 
of gestation and in much higher concentrations than one 
might expect on the basis of circulating fetal levels. The 
latter observation suggests this iodothyronine to be gener-
ated locally from T4 by type II 5-iodothyronine deiodi-
nase (D2). Moreover, there is evidence that nuclear thyroid 
hormone receptors are expressed in different brain regions 
by 8 weeks, and that they are occupied by T3 by 10 weeks 
of gestation (Morreale de Escobar et al., 2004).

Altogether, these findings indicate not only that a trans-
fer of maternal thyroid hormone, namely of T4, to the 
fetus is effective from early pregnancy, but also that the 
systems regulating the availability of T3 to the fetal brain 
are expressed and likely operating by that time.
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Figure 70.5 The figure shows serum FT4 and TSH in pregnant women from iodine-deficient (left panels) and iodine-sufficient (right 
panels) areas at early (A1 and B1), mid- (A2 and B2), and late (A3 and B3) gestation. Serum FT4 and thyrotropin (TSH) in pregnant 
iodine-deficient women (left panel) and in pregnant control women (right panel) measured at early (A1 and B1), mid-gestation (A2 and 
B2), and late (A3 and B3) pregnancy. One woman from the iodine-deficient area became hypothyroid at mid-gestation, while 5 out of 10 
showed hyperthyrotropinemia at term and 5 out of 10 became hypothyroxinemic. No pregnant woman from the control area became 
hypothyroxinemic or hyperthyrotropinemic. Reproduced with permission from Vermiglio et al., (1999).
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Because significant fetal thyroid hormone produc-
tion does not occur before midgestation (18–20 weeks), 
fetal brain development depends entirely on maternal T4 
until at least 24–26 weeks. Later on, both maternal and 
fetal contributions are required, since actual fetal thyroid 
autonomy is not fully achieved until pregnancy term. 
Indeed, a limited degree of Tg iodination and low T4 and 
T3 concentrations have been reported before 42 weeks 
of age (postmenstrual) (Van den Hove et al., 1999). It is 
worth considering that, starting from the second half of 
gestation, maternal T4 transfer to the fetus also represents 
an important source of iodine (derived from placental 
and fetal tissue deiodination) for fetal thyroid hormone  
synthesis. Overall, this evidence strongly indicates the  
crucial contribution of maternal T4 to fetal tissue hor-
mone availability throughout gestation. In view, therefore, 
of its observed influence on neurological and behavioral 
outcomes in progeny, maternal thyroid status has recently 
become a cause of growing concern, and an adequate  
supply of maternal T4 ultimately seems to be necessary to 
guarantee normal neurological embryogenesis.

Maternal hypothyroxinemia may affect  
fetal neurodevelopment

Adequate maternal thyroxine transfer to the fetus during early 
gestation is crucial, as the maternal thyroid is the only source 
of T4. The extent of neurological damage in progeny can 

therefore reasonably be correlated with the degree of MTF 
during early gestation.

Whether or not minor degrees of maternal thyroid 
underfunction can be harmful to the fetal brain has been 
extensively discussed by Morreale de Escobar et al. (2000), 
who also argued that there is a need for maternal hypothy-
roxinemia screening. A few years later, her research group 
provided experimental evidence that maternal hypothy-
roxinemia without hypothyroidism was responsible for 
cytoarchitectural destructuring of the cerebral cortex in 
progeny. This irreversible brain damage was the result 
of abnormal migration of cortical neurons that did not  
ultimately reach the cortical layers to which they had been 
ontogenetically assigned (Lavado-Autric et al., 2003; Ausò 
et al., 2004). More recently, brain structural abnormalities, 
consisting of heterotopia of cortical neurons, have been 
described in rodents born to hypothyroxinemic dams. 
Interestingly, this alteration was already evident at mod-
est (45%) reduction in maternal T4 levels (with no change 
in T3) and it was almost reversible with prenatal thyroid  
hormone replacement (Goodman and Gilbert, 2007).

From a clinical point of view, the link between low 
maternal FT4 levels at early gestation and low IQ in 
progeny was first provided by Pop et al. (1999) in a study 
carried out in 220 euthyroid women from an iodine-suffi-
cient area. The neurodevelopment of the children born to 
these women was assessed using the Bayley Scales of Infant 
Development and related to maternal FT4 levels at 12 and 
32 weeks of gestation. The children of women whose FT4 
was below the tenth percentile at the 12th week of gestation 
had significantly lower scores on the Bayley Psychomotor 
Developmental Index scale at 10 months of age than the 
children of mothers with higher FT4 levels. Statistical  
analysis, performed in order to rule out confusing vari-
ables, demonstrated that a maternal FT4 concentration 
below the tenth percentile at 12 weeks of gestation was a 
significant risk factor for impaired psychomotor develop-
ment in progeny. However, neuropsychological develop-
ment did not seem to be adversely affected in children 
whose maternal hypothyroxinemia was corrected within 
the 24th week of pregnancy (Pop et al., 2003). A few years 
later, the same research group obtained similar results in 
a study designed to assess the neurobehavioral profiles of 
neonates (3 weeks of age) born to mothers who had expe-
rienced hypothyroxinemia during early pregnancy. These 
results indicated the newborns of mothers whose FT4 
concentrations at 12 weeks of gestation had been below 
the tenth percentile to have significantly lower scores 
on the Neonatal Behavioral Assessment Scale (NBAS)  
orientation index than the newborns of mothers who had 
registered higher FT4 values. Regression analysis showed 
that first-trimester maternal FT4 (though not maternal 
TSH or FT4 later in gestation) was a significant predic-
tor of orientation scores. The authors concluded that  
low scores on orientation clusters of the NBAS might 
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Figure 70.6 The figure shows prevalence of maternal thyroid 
failure (MTF) in iodine-sufficient (IS) and iodine-deficient (ID) preg-
nant women over gestation. An almost nine-fold higher preva-
lence of MTF is observed in the ID group than in the IS group in 
the second trimester of gestation (27.8% vs. 3.2%). In further fol-
low-ups, however, the difference in MTF prevalence between the 
two groups tends to become much less evident, due to a marked 
increase in MTF prevalence in the IS group (26.9% vs. 13.3%). 
It is noteworthy that the vast majority of women diagnosed with 
MTF are found to have isolated hypothyroxinemia (86.2%), with 
serum TSH levels never exceeding an upper limit of 2.51 U/ml. In 
more than 90% of women affected, MTF has been found to occur 
during the second and third trimesters of gestation.
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be interpreted as an early marker of attention difficulties 
(Kooistra et al., 2006). This finding was in accordance 
with our previous study in which a high (almost 90%) 
prevalence of attention deficit hyperactivity disorders 
(ADHD) had been observed in children born to mothers 
who had experienced hypothyroxinemia (but not hypothy-
roidism) at early gestation. Moreover, ADHD seemed to 
deeply affect intellectual performances, and linear regres-
sion revealed a strong direct relationship between children’s 
IQ scores and their mothers’ FT4 levels during the first half 
of pregnancy (Vermiglio et al., 2004).

A very recent review of the pathogenesis of autism 
focused on the observation that the alterations in cortical 
neuronal migration observed in this disorder are remi-
niscent of those observed in the brains of experimental  
animal models exposed to maternal hypothyroxinemia 
during early gestation. Neuronal migration, via reelin  
regulation, requires the local production of T3 via the  
deiodination of maternal T4 by fetal brain deiodinases. 
This suggests that low availability of T3 to the fetal brain 
at the time of neuronal cell migration (weeks 8–12 of 
pregnancy) might produce morphological brain changes 
leading to autism. Therefore, the environmental thyroid 
disruptors (ID, goitrogenic agents, chemical contaminants) 
that can induce maternal hypothyroxinemia over this criti-
cal period of gestation might theoretically be responsible 
for the disease (Roman, 2007). This intriguing hypothesis 
might actually represent a further contribution to under-
standing of the broad spectrum of neurological pheno-
types (endemic cognitive deficiency, minor neurological 
disorders, ADHD, intelligence deficit, autism) observed in 
children born to mothers with low FT4 levels during early 
gestation.

Current Opinions of Iodine- 
Deficiency-Related Hypothyroxinemia: 
Comment and Criticism

In guidelines for the management of thyroid dysfunc-
tion during pregnancy and postpartum recently set out 
by an ad hoc committee (Abalovich et al., 2007), mater-
nal hypothyroxinemia is never quoted as an indicator of 
maternal thyroid underfunction. Indeed, only hypothy-
roidism, be it overt or subclinical, is considered worth 
mentioning. This playing down of the significance of 
hypothyroxinemia is likely attributable to the accepted 
wisdom that any decline in FT4 is always accompa-
nied (and more often preceded) by an increase in TSH  
concentrations. This is fundamentally due to the fact  
that pituitary thyrotrope cells are known to be extremely 
sensitive to even subtle changes in thyroid hormone lev-
els, of which variations in TSH values are therefore the  
first sign. Accordingly, diagnosis of both subclinical 
and overt hypothyroidism is based on increases in TSH  

concentrations exceeding the 98th percentile, along with 
either normal or abnormally low thyroid hormone levels, 
respectively. In the above-mentioned guidelines, serum 
TSH measurement is consistently recommended as the 
first thyroid function test that should be performed in 
order to detect maternal hypothyroidism. Serum FT4 
determination is recommended only when TSH lev-
els exceed the upper gestational age-dependent standard 
(2.3 mIU/l 1st trimester, 3.1 and 3.5 mIU/l 2nd and 3rd 
trimester, respectively; Panesar et al., 2001) in order to  
distinguish overt from subclinical hypothyroidism.

Thus, in clinical practice, hypothyroxinemia alone, 
defined by low serum FT4 values not mirrored by increased 
thyroid gland stimulation by TSH, is still far from being 
accepted as a separate thyroid disease, at least by thyroid-
ologists who are not familiar with IDD. Several epidemio-
logical studies, carried out in either moderately or mildly 
iodine-deficient pregnant women, have demonstrated that 
a critical reduction in maternal free thyroxine, especially 
during early gestation, may not necessarily be matched by 
a proportional and simultaneous TSH increase. This is due 
to the fact that, over the first trimester, hCG stimulates 
the preferential ID-related thyroidal output of T3, which, 
in turn, triggers negative feedback on pituitary TSH secre-
tion. In these women, therefore, circulating T3 is normal 
or even slightly above the upper limit, TSH falls within 
the normal range, and the women are clinically euthyroid 
even when biochemically hypothyroxinemic. It is only 
later in gestation, if iodine intake remains inadequate, 
that this compensatory mechanism may fail, since thy-
roidal T3 secretion declines and a corresponding increase 
in TSH may occur. This being the case, TSH measure-
ment at early gestation does not really seem to be the most  
appropriate means of screening for maternal thyroid under-
function in mild-to-moderate iodine-deficient women. 
Parameters such as thyroid volume, Tg concentrations, or 
T3/T4 molar ratio are a more useful index of iodine intake  
levels in the general population, but are not adequate  
criteria for assessing daily dietary iodine intake in individ-
uals. In pregnancy, serum FT4 measurements are likely the 
most reliable parameters of maternal iodine supplementa-
tion and thyroid machinery efficacy when iodine intake 
is known (or supposed) to be inadequate, as observed in 
mild-to-moderate ID areas. Indeed, in our series of preg-
nant women, both FT4 and TSH determination at early 
gestation and over the course of pregnancy permitted us 
to detect a higher number of women with impaired thy-
roid function, including hypothyroxinemia; these women 
would have slipped through the net had we based our 
screening program on TSH measurements alone. In view 
of these data, we believe that all pregnant women resid-
ing in mild-to-moderate ID areas should be screened for 
thyroid underfunction as early in pregnancy as possible, 
using both FT4 and TSH measurements. This observation 
partly contrasts with the latest recommendations for the  
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management of thyroid dysfunction during pregnancy, 
which really only suit iodine-replete areas where chronic 
autoimmune thyroiditis is the main cause of hypothy-
roidism during pregnancy. The recommendations state that 
screening should consist of TSH measurement alone at 
early gestation, with additional thyroid tests (thyroid auto-
antibodies, free-T4) required only if TSH values are found 
to be abnormal for the gestational age-dependent standard. 
The recommendations further state that although the fre-
quency of hypothyroidism during pregnancy is high and 
the benefits of treatment for both mother and fetus are 
clear, “current evidence does not justify universal screening 
for hypothyroidism.” Accordingly, they recommend case 
finding only among selected groups of women who are at 
high risk for thyroid dysfunction. Recently, however, the 
efficacy of the targeted high-risk case-finding approach in 
identifying women with thyroid dysfunction during early 
pregnancy has been questioned. Of 1560 consecutive preg-
nant women tested for thyroid function (T4, FT4, TSH 
and anti-TPO antibodies) at the time of their first ante-
natal visit (median gestation 9 weeks), 413 were classified 
as high risk, having a personal history of thyroid or other 
autoimmune disorders or a family history of thyroid disor-
ders. This study demonstrated that if only high-risk groups 
were tested for thyroid function, one-third of pregnant 
women with subclinical or overt hypothyroidism would be 
missed (Vaidya et al., 2007).

Surprisingly, in the mentioned guidelines, screening for 
hypothyroidism is not recommended for women living 
in iodine-deficient areas and the authors emphasize that, 
rather than undertaking widespread screening, “efforts 
should be made to supplement women’s diets with iodine 
before and during pregnancy.” Certainly, the importance 
of iodine supplementation in pregnant women (and their 
children) is unquestionable. Unless universal salt iodiza-
tion (USI) is put into effect worldwide and its effectiveness 
proven beyond question, every effort should be made to 
prevent MTF by providing pregnant women with iodine 
supplements. However, women living in countries where 
iodine intake is lower than that recommended for preg-
nant and lactating women should be screened, and their 
FT4 values monitored, in order to identify those affected 
with (or at risk of ) hypothyroxinemia as early in pregnancy 
as possible. This approach would permit the prompt and 
timely institution of the T4 therapy needed to guarantee 
that maternal FT4 concentrations were sufficient to prevent 
neurodevelopmental defects in offspring.

Summary Points

l Hypothyroxinemia is a condition characterized by nor-
mal TSH concentrations but maternal free-thyroxine 
concentrations that are below the normal range for the 
stage of pregnancy.

l It occurs in very specific environmental and/or physiologi-
cal circumstances, namely ID and pregnancy. The coexist-
ence of both of these conditions, i.e. pregnancy in women 
whose iodine intake is inadequate, results in the highest 
risk of gestational hypothyroxinemia in the mothers.

l There is evidence that maternal hypothyroxinemia 
during early gestation may lead to irreversible brain 
damage in progeny, covering a broad spectrum of neu-
rological phenotypes (endemic cognitive deficiency, 
minor neurological disorders, ADHD, intelligence  
deficit, autism).

l A study in progress on more than 100 women  
studied longitudinally throughout gestation indicate 
that, in moderately iodine-deficient areas, the preva-
lence of maternal hypothyroxinemia in women who 
commenced regular use of iodized salt during the  
first trimester of gestation and took multivitamin  
supplements containing iodine is very high (50%).

l Maternal hypothyroxinemia also occurred in women 
who had started iodine supplementation at least 2 years 
prior to becoming pregnant and who were also given 
iodine-containing multivitamin supplements, though 
to a lesser degree (16%).

l As repeatedly stated by Gabriella Morreale de Escobar, 
early screening programs for MTF in mild-to-moderate 
ID areas need to be urgently implemented in western 
countries, where there is no recent evidence of adequate 
iodine intake. The mass screening of pregnant women 
during the first trimester should employ serum FT4 
assay as the main diagnostic criterion.

l In our series, maternal hypothyroxinemia occurred in 
the vast majority (93.1%) of pregnant women in the 
second and third trimesters. This indicates that, if we 
confined the screening of maternal thyroid function to 
the first trimester, we would miss almost all hypothy-
roxinemic women whose fetuses would thus be exposed 
to inadequate availability of maternal T4 and put at risk 
of impaired neurological development.

l In conclusion, not only screening, but also monitoring 
of maternal thyroid function should be encouraged in 
moderately iodine-deficient areas, in order to correct 
maternal hypothyroxinemia promptly and consequently 
prevent irreversible neurological damage in progeny.
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Abstract

Kashin–Beck disease (KBD) is an osteoarthropathy 
endemic in China and Tibet. The condition appears 
between the ages of 5 and 15 years, and leads to vary-
ing degrees of disability throughout adult life. The disor-
der affects joint and growth plate cartilages. The etiology 
of KBD is probably of environmental origin. Selenium 
deficiency has been proposed as the main etiological fac-
tor, because KBD is geographically associated with it. By 
decreasing the activity of the selenoenzymes, selenium defi-
ciency may impair the antioxidant defense mechanism of 
chondrocytes, which will lead to cell death. In the earliest 
reports on KBD an association between goiter and KBD 
was suggested. Despite the fact that more than 20 trace ele-
ments have been subsequently suggested as etiological fac-
tors in KBD, iodine deficiency was never mentioned again 
until 1998. A cross-sectional survey conducted in Tibet 
reported an association at the individual level between 
iodine deficiency and KBD in an area where goiter and 
KBD were both endemic. In addition to iodine deficiency, 
an association between protein calorie-malnutrition and 
KBD has been reported. In Tibet there is an association 
between KBD, low socioeconomic status and food diversity. 
The association of KBD with a poorly diversified diet sug-
gests that the etiology of the disease is linked to diet, affect-
ing populations’ deficient not only in iodine and selenium, 
but also in other nutrients. KBD is clearly associated with 
poor nutritional status, in particular of the Tibetan rural 
population. In Tibet the need for iodine supplementation 
is obvious, but the same case cannot be made for selenium 
supplementation. Aside from the role that selenium may 
play in the pathogenesis of KBD, it is not known whether 
it is important for health in selenium-deficient subjects. 
Studies designed to assess the less obvious health conse-
quences of selenium deficiency are needed. Considering the 
limited resources and the many health problems facing the 
Tibetan population, it seems at this point inappropriate to 
advocate specific programs of selenium supplementation, as 
long as the benefit of such supplementation has not been 
clearly demonstrated. In other regions of China the preva-
lence of KBD has decreased with the improvement of social 
and economic conditions. A holistic approach is needed to 

tackle this problem through improvements in nutritional 
status, as well as making health services available to rural 
affected populations. This should be a political and health 
care priority.

Abbreviations

1,25(OH)2D3 1,25-Dihydroxyvitamin D3

BMD Bone mineral density
D1 Type I deiodinase
D2 Type II deiodinase
D3 Type III deiodinase
cGPx, GPx-1 Cytosolic glutathione peroxidase
pGpx Plasma glutathione peroxidase
GH Pituitary growth hormone
GSH Glutathione
IGF-I Insulin-like growth factor I
KBD Kashin–Beck disease
PTH Parathyroid hormone
RDA Recommended daily allowance
TGF-1  Bone transforming growth 

factor-beta
T3 Triiodothyronine
T4 Thyroxine
TSH Thyrotropin
WHO World Health Organization

Introduction

The clinical relevance of selenium deficiency is more dif-
ficult to establish than that of iodine deficiency. Moderate 
selenium deficiency is present in some regions of Europe, 
but it has not been associated with any clinical condition 
in humans. Nonetheless, the degree of selenium deficiency 
in Finland was considered severe enough to implement a 
control program based on the supplementation of fertiliz-
ers with selenium (Aro et al., 1995). New Zealand adopted 
the same strategy, because of the beneficial effects of sele-
nium supplementation on the productivity of their animal 
industry.
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Selenium deficiency has been associated with specific 
diseases in China and Africa: Keshan and Kashin–Beck 
disease (KBD) in Tibet and China; and myxedematous 
cretinism in Central Africa. Interestingly, in all these  
selenium-deficient areas iodine deficiency is also endemic. 
The specific impact of iodine deficiency on human health 
is described elsewhere in this book and will not be repeated 
here, with the exception of health conditions where the 
interaction of iodine and selenium may contribute to the 
pathogenesis of a specific disease. This chapter will deal 
with diseases where both iodine and selenium deficiency 
play a role in disease causation and particularly with KBD.

With the discovery of Keshan disease as a selenium-respon-
sive cardiomyopathy (Yang et al., 1988), it became possible 
to establish a population basal requirement for selenium. By 
comparing selenium intake in areas of rural China that are 
endemic and nonendemic for Keshan disease, Chinese inves-
tigators were able to show that Keshan disease did not occur 
in regions where the population’s mean selenium intake was 
21 g or more per day (Yang et al., 1988). Since this thresh-
old is the lowest associated with freedom from pathological 
effects, it is reasonable to regard it as the minimal intake of 
selenium likely to meet basal population requirements.

In 1996 the World Health Organization (WHO) 
released a set of recommendations in which a mean intake 
of dietary selenium values of 40 and 30 g of selenium/day, 
for adult males and females, respectively, was proposed as 
the lower limits of the safe range.

In the recently published “Dietary Reference Intakes for 
Vitamin C, Vitamin E, Selenium and Carotenoids” the US 
Institute of Medicine fixed the new recommended daily 
allowance (RDA) at 55 g of selenium/day for adults, men 
and women (Institute of Medicine, 2000).

Chinese scientists demonstrated that selenium was 
essential for human health in 1979, when they showed 
that the cardiomyopathy, Keshan disease was pre-
vented by selenium supplementation (Yang et al., 1988). 
Nonetheless, certain epidemiological aspects of the disease 
(e.g., its seasonal variation) are difficult to explain solely 
on the basis of selenium deficiency, and suggest that an 
infectious component, such as a virus, might be involved. 
Coxsackievirus does not cause cardiomyopathy when 
inoculated into mice fed with adequate levels of selenium. 
However, mice fed selenium-deficient diets developed 
heart lesions when infected with coxsackievirus (Beck  
et al., 1994). The genome of the coxsackievirus isolated 
from selenium-deficient mice showed mutations, com-
pared to the virus isolated from selenium-adequate mice. 
Cellular glutathione (GSH) peroxidase knock-out mice 
infected with a benign strain of coxsackievirus devel-
oped myocarditis, whereas infected wild-type mice did 
not (Beck et al., 1998). This study suggests that oxidative 
damage can affect not only the host, but can also influence 
the pathogen itself, changing an avirulent pathogen into a 
virulent one that can cause damage.

Iodine and Selenium Interactions and 
the Endocrine System

The metabolic connection between iodine and selenium 
was first established when the iodothyronine deiodinases 
that act as catalysts in the deiodination of thyroid hor-
mones were found to be selenoenzymes. Consequently, 
iodine and selenium intake may both affect the activity of 
deiodinases.

However, the role of selenium in biology was first con-
sidered only in terms of its toxic properties and the interest 
in selenium in human and animal disease was entirely lim-
ited to selenium poisoning (Levander, 2001). Recognition 
of selenium as a nutritionally important trace element in 
animals came with the discovery by Schwartz and Foltz 
(1957) that selenium could protect vitamin E-deficient 
rats from liver necrosis. Certain animal diseases of previ-
ously uncertain etiology were found to respond to sele-
nium supplementation, including white muscle disease in 
sheep, horses and cattle; exudative diathesis in poultry; and 
hepatosis dietetica and cardiomyopathy in pigs (Levander, 
2001). The role of selenium in human nutrition was 
acknowledged much later. In fact, 22 years elapsed between 
the publication of the original report by Schwarz and the 
release of a report by Chinese scientists in 1979 linking 
selenium deficiency with Keshan disease, an endemic cardio-
myopathy. The biochemical basis for the role of selenium 
was established in 1973, when it was discovered that sele-
nium is a component of the active site of GSH peroxidase 
(Rotruck et al., 1972, 1973). Since then the importance 
of adequate nutritional selenium intake has received more 
attention, and it was acknowledged that other selenopro-
teins are involved in essential biological pathways (Allan 
et al., 1999; Burk and Hill, 1994; Tamura and Stadtman, 
1996; Vendeland et al., 1993). Selenium is a component in 
more than 20 selenoproteins, and for many their exact role 
is not yet fully elucidated (Table 71.1).

GSH peroxidases act as a catalyst in the breakdown 
of a wide range of organic and inorganic peroxides, 
and so protect cells against oxidative damage (Ganther  
et al., 1976). There are four distinct GSH peroxidases, 
and each of them is impaired by selenium deficiency to a 
different degree. Cytosolic glutathione peroxidase (cGPx, 
GPx-1) is expressed in all tissues and its function was  
characterized first.

The lack of an overt phenotype in cGPx knock-out 
mice (Ho et al., 1997) is not surprising in the light of the 
clinical phenotype of patients with deficiencies in GSH 
regeneration. These patients remain normal as long as they 
are not challenged with hyperoxides. The cGPx (/) 
mice are highly susceptible to oxidative damage (Flohe and 
Brigelius-Flohe, 2001), similar to patients with glucose- 
6-phosphate deficiency.

Both cGPx and plasma glutathione peroxidase (pGpx) 
are widely used to monitor the selenium status in human 
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saturated (Neve, 1995). In countries such as the United 
States, where the diet is relatively rich in selenium, GSH 
peroxidase activity is maximal in most people and the 
enzyme loses its value as an index of selenium status.

Iodine, selenium deficiency and the thyroid

Other important selenoenzymes are the iodothyronine 
deiodinases. There are three isoform iodothyronine deio-
dinases that act as catalysts in the deiodination of thy-
roid hormones. Type I (D1) and type II deiodinases (D2) 
primarily catalyze outer ring or 5-deiodination and, as 
such, are responsible for the generation of triiodothyro-
nine (T3) from thyroxine (T4) (St. Germain and Galton, 
1997). Type III deiodinase (D3) catalyzes inner ring or 
5-deiodination, a process that results in the degradation 
of both T4 and T3 to inactive derivatives (Figure 71.1). 
Selenium status affects the activity of the three deiodinase 
isoforms. Selenium deficiency increases serum T4 levels, 
but serum T3 and thyrotropin (TSH) levels are not sig-
nificantly affected (St. Germain and Galton, 1997). Two 
factors seem responsible for mitigating the effects of nutri-
tional selenium deficiency on thyroid hormone homeosta-
sis. First, the brain and several endocrine organs, such as 
the thyroid gland, appear to conserve selenium. Hence, 
deiodinase activity in these tissues is maintained (Behne 
et al., 1988). Secondly, there appears to be a hierarchy of 
expression of selenoproteins within the cell, such that the 
levels of some selenoproteins are markedly reduced, while 
the expression of others, including the deiodinases, appears 
to be preserved (Allan et al., 1999). 

Myxedematous Cretinism Myxedematous and neu-
rological cretinism are the most severe consequences of 
iodine deficiency. Myxedematous cretinism was the most 
prevalent form of cretinism in the Uele region in Central 
Africa (Dumont et al., 1963). The absence of goiter 
in myxedematous cretins is caused by thyroid atrophy 
(Delange et al., 1972). The thyroid atrophy usually occurs 
near birth, but in some subjects, this process occurs later 
in life and iodine prophylaxis can prevent it (Vanderpas  
et al., 1986).

In New Guinea (Choufoer et al., 1965) and South 
America (DeLong et al., 1985) neurological cretinism 
used to be the most frequent form. Hypothyroidism is not  
frequent in neurological cretins and goiter is common.  
The cause of thyroid failure and the higher prevalence of 
myxedematous cretinism in Central Africa has been an 
unsolved problem for quite a long time.

Goyens et al. (1987) hypothesized that the thyroid  
atrophy of myxedematous cretins could result from the 
toxic effect of increased H2O2 generation by the thyro-
cytes due to chronic TSH stimulation induced by iodine 
deficiency. The decreased activity of enzymes, such as 
GSH peroxidase, which normally protect thyrocytes and 

Table 71.1 Selenoproteins in eukaryotes

Selenoproteins Function

Glutathione peroxidase 
 Cystolic (GPx, Gpx-1) 
 Gastrointestinal (GI-GPx, Gpx-2)
 Plasma (pGPx, Gpx-3) 
 Phospholipid (PHGpx, Gpx-4)

Antioxidant enzymes: removes 
hydrogen peroxide, lipid and 
phospholipid hydroperoxides

Iodothyronine deiodinases
 Type I (5D1)
 Type II (5D2)
 Type III (5D3)

Deiodination of thyroid 
hormones

Thioredoxin reductase
 1 (TrxR1)
 2 (TrxR2
 3 (TrxR3)

Reduction of nucleotides in 
DNA synthesis; regeneration 
of antioxidant systems; 
maintenance of intracellular 
redox state; regulation of gene 
expression by redox control of 
binding of transcription factors 
to DNA

Selenophosphate synthetase Required for biosynthesis 
of selenophosphate, the 
precursor of selenocysteine, 
and therefore for selenoprotein 
synthesis

Selenoprotein P Found in plasma and 
associated with the endothelial 
cell. Appears to protect 
endothelial cells against 
damage from peroxynitrite

Selenoprotein W Required for muscle function

15 kDa selenoprotein Unknown

Selenoprotein Pb (Zebrafish) Unknown

Selenoprotein W2 (Zebrafish) Unknown

Selenoprotein T Unknown

Selenoprotein T2 (Zebrafish) Unknown

BthD (Drosophila selenoprotein) Unknown

G-rich (Drosophila selenoprotein) Unknown

Selenoprotein R Unknown

Selenoprotein N Unknown

and animals. Since both enzymes respond rapidly to a short-
age in bioavailable selenium and are easily measured in 
small blood samples, they may be considered the biomark-
ers of choice. pGPx activity is used preferentially to moni-
tor short-term variations in selenium status, while cGPx 
activity in erythrocytes, due to their life time of 120 days 
and lack of de novo protein synthesis, indicates average 
selenium supply over the preceding 4 months (Flohe and 
Brigelius-Flohe, 2001). GSH peroxidase activity is used 
as an index of selenium status in humans. However, it is 
useless for this purpose once the activity of the enzyme is 
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Figure 71.1 Deiodination of thyroid hormones by 5- and 5-deiodinases. The prohormone T4 is deiodinated in 5-position of the phe-
nolic ring into the active hormone T3 by the two selenoenzymes D1 and D2. Deiodination in 5-position of the tyrosyl into rT3.

other cells from H2O2 toxicity would lead to thyroid 
necrosis. The low serum selenium found on Idjwi Island 
(Goyens et al., 1987; Vanderpas et al., 1990) where myxe-
dematous cretinism was prevalent supported this hypoth-
esis. Experimental studies showed that selenium deficiency 
in rats decreases D1 and increases serum T4 (Arthur et al., 
1988; Beckett et al., 1987). Soon afterwards, D1 was found 
to be a selenoenzyme (Behne et al., 1990). Further corrobo-
ration of the hypothesis came from epidemiological studies 
in northern Congo (Goyens et al., 1987; Vanderpas et al.,  
1990) and from an experimental study in rats showing 
that selenium deficiency increased the toxic effects of other 
agents in iodine-deficient rats (Contempre et al., 1993).

Because selenium deficiency impairs the conversion of 
T4 to T3 in the periphery, preserving maternal levels of cir-
culating T4, this mechanism was proposed to supply the nec-
essary T3 to the fetal brain during the critical period when 
the maturation of the nervous system depends mainly on 
maternal T4. Selenium deficiency may thus protect against 
iodine deficiency by decreasing T4 metabolism (Contempre 
et al., 1991; Corvilain et al., 1993). The correction of sele-
nium deficiency before iodine deficiency may thus aggra-
vate hypothyroidism, in particular in pregnant women, 
which may increase the frequency of neurological cretinism 
(Contempre et al., 1991, 1992; Vanderpas et al., 1993).

However, some observations from other goiter endemic 
areas did not support the selenium–iodine hypothesis. First, 
selenium deficiency in Central Africa is not as severe as in 
the selenium- and iodine-deficient areas of Tibet, where the 
neurological and not the myxedematous type of cretinism 
is most frequent (Moreno-Reyes et al., 1998) Figure 71.4.

Urinary iodine concentrations in Tibet are very simi-
lar to values observed in Central Africa, but selenium 
deficiency is more severe in Tibet than in Central Africa. 
In Tibet up to 38% of school children had undetectable 

serum selenium values (5 ng/ml) (Moreno-Reyes et al., 
1998) (Figures 71.2–71.3).

The absence of myxedematous cretinism in the severely 
iodine- and selenium-deficient areas of Tibet does not nec-
essarily rule out the role of selenium in the pathogenesis of 
myxedematous cretinism. This suggests only that selenium 
and iodine deficiency alone do not explain the entire pic-
ture. Another factor may explain why the condition is lim-
ited to a few endemic goiter areas. An important difference 
between the Congo and Tibet is that in Tibet there is no evi-
dence of goitrogens that would aggravate iodine deficiency 
(Moreno-Reyes et al., unpublished data). Thiocyanate result-
ing from consumption of poorly detoxified cassava is a well-
known goitrogen in Central Africa. It has been suggested 
that cassava may be the trigger resulting in thyroid involu-
tion in this region (Delange et al., 1972; Ngo et al., 1997). 
Interestingly, the northern part of Idjwi Island showing 
the highest prevalence of myxedematous cretinism differed 
from the southern part, precisely because urinary thiocy-
anate concentrations were significantly higher, while uri-
nary iodine concentrations were no different (Delange et al., 
 1968). In iodine-deficient regions where goitrogens are 
present, but selenium nutritional status is adequate, such as 
in the Darfur region of Sudan (Moreno-Reyes et al., unpub-
lished data), neurological cretinism is the most prevalent 
form of cretinism (Moreno-Reyes et al., 1993).

Urinary iodine concentrations in Tibet are very similar 
to those observed in Sudan (Moreno-Reyes et al., 1993), 
but the frequency of goiter or hypothyroidism is lower. 
The lack of goitrogens in Tibet probably explains the 
lower frequency of hypothyroidism and goiter despite 
similar urinary iodine concentrations to those in Central 
Africa. Experimentally, the involvement of thiocyanate in 
the pathogenesis of myxedematous cretinism has recently 
been corroborated (Contempre et al., 2004).
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Figure 71.2 Distribution of urinary iodine concentrations in 557 subjects from 12 villages in Lhasa Prefecture, Tibet. Fourteen percent 
had urinary iodine concentrations 0.6 g/dl, 66% had concentrations 2 g/dl, and 95% had concentrations 5 g/dl. The numbers 
on the horizontal axis represent the midpoint of the intervals shown. To convert values for urinary iodine to nanomoles per liter, multiply 
by 78.7. Reproduced with permission from Moreno-Reyes et al., (1998). © Massachusetts Medical Society.
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Figure 71.3 Distribution of serum selenium concentrations in 521 subjects from 12 villages in Lhasa Prefecture. Thirty-eight percent 
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Iodine, selenium deficiency, and bone 
metabolism

In animals, selenium deficiency is known to induce growth 
retardation in second-generation selenium-deficient rats 
(Ewan, 1976; Thompson et al., 1995), but the mecha-
nism involved remains unclear. Observations suggest that 
in humans, bone tissue is also affected by selenium defi-
ciency. In healthy infants, a significant correlation has been 
observed between urinary levels of selenium and pyridin-
ium cross-links of collagen, a marker of bone metabolism 
(Tsukahara et al., 1996). This suggests a link between bone 
turnover and selenium status. The osteopenia observed in 
some phenylketonuric children may be related to their low 
selenium intake, but selenium-supplementation studies 
have not been performed so far to test this hypothesis.

In rats selenium-deficiency induced growth retardation  
is associated with an impaired bone metabolism and oste-
openia (Moreno-Reyes et al., 2001) Figure 71.5. Pituitary 
growth hormone (GH) and plasma insulin-like growth 
factor I (IGF-I) concentrations are lower in selenium- 
deficient rats than in controls. The decreased pituitary GH 
concentrations associated with selenium deficiency may be 
due to decreased activity of the D2 selenoenzyme in the 
pituitary, preventing local deiodination of T4 into T3, 

needed for normal GH synthesis. Decreased pituitary GH  
concentration has also been reported when the selenium-
deficient diet was given to rats from weaning (Arthur  
et al., 1990). This suggests that GH lowering could be 
the basis of growth inhibition caused by selenium defi-
ciency. Selenium deficiency is also associated with second-
ary hyperparathyroidism, as shown by low plasma calcium 
and an increase in plasma parathyroid hormone (PTH) 
and plasma 1,25-dihydroxyvitamin D3 [1,25(OH)2D3].  
The high concentration of PTH in plasma did not pro-
duce increased bone resorption in the selenium-deficient 
rats, shown by the low concentrations of urinary deoxy-
pyridinoline. Because the effect of PTH on osteoclasts 
is mediated by osteoblasts, impaired osteoblast activity  
in the selenium-deficient rats might explain the absence  
of bone resorption and osteopenia in selenium-deficient 
animals.

Figure 71.4 Neurological cretinism. Three-year-old boy from 
a severely selenium-deficient area of Tibet with neurological cre-
tinism. He is severely mentally impaired, deaf-mute and suffered 
from spastic diplegia, but without clinical signs of Kashin–Beck 
disease.
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Figure 71.5 Selenium deficiency and growth retardation. Mean 
body weight  SEM and mean tail length  SEM in selenium-
adequate (---) and selenium-deficient rats (—). Reproduced with 
permission from Moreno-Reyes et al., (2001). © The American 
Society for Bone and Mineral Research.
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Skeletal effects of trace element deficiencies have been 
previously reported for zinc and magnesium, inducing both 
osteopenia and growth retardation (Eberle et al., 1999; 
Ninh et al., 1998; Rude et al., 1999). In contrast with 
these findings, the number of osteoblasts and osteoclasts 
was higher in the selenium-deficient rats, and associated 
with low plasma osteocalcin, a marker of osteoblast activ-
ity, and with low urinary deoxypyridinoline concentration, 
a marker of bone resorption. Altogether these findings do 
suggest that osteoblast activity may be impaired by sele-
nium deficiency, and the increased number of osteoblasts 
may represent a compensatory process to offset decreased 
cell activity. In addition, the lower plasma osteocalcin 
associated with low urinary deoxypyridinoline concentra-
tions indicates that bone formation was depressed in the  
selenium-deficient rats.

Selenium deficiency resulted in reduction in bone  
mineral density (BMD) in rats, and this effect persisted 
after adjustment for weight in a linear regression model. 
These findings suggest a link between bone metabolism 
and selenium status and, as such, corroborate clinical 
observations of this association in KBD (Figure 71.6).

Interestingly, rats fed on a combined iodine- and  
selenium-deficient diet did not show more pronounced 
growth inhibition or cumulative impairment of bone 
metabolism than selenium-deficient rats (Moreno-Reyes  
et al., 2006).

In previous experimental studies combining selenium 
and iodine, similar results were reported between rats fed 

a selenium-deficient diet alone or fed a selenium- and 
iodine-deficient diet (Campos-Barros et al., 1997; Golstein 
et al., 1988; Mitchell et al., 1996). How the introduction 
of iodine deficiency partially mitigated growth depres-
sion in selenium-deficient rats is unclear. The interaction 
between trace elements at the cellular level is an important 
factor in determining the biological response to a specific 
trace element deficiency.

Iodine deficiency increased the activity of pituitary 
D2, while selenium deficiency decreased its activity. The 
increased activity of pituitary D2 in iodine deficiency is a 
compensatory mechanism aiming to maintain local deio-
dination of T4 into T3, needed for normal GH synthe-
sis (Arthur et al., 1997; Meinhold et al., 1993; Mitchell 
et al., 1997). Pituitary D2 activity is markedly increased 
in selenium- and iodine-deficient rats compared to type II 
activity in rats deficient in selenium alone (Mitchell et al., 
1997). A relatively better pituitary deiodination of T4 in 
iodine- and selenium-deficient rats than in rats deficient 
exclusively in selenium could explain why pituitary GH 
concentrations are greater and growth less impaired than 
in selenium-deficient animals. This compensatory mecha-
nism is probably effective as long as iodine deficiency 
is not severe enough to produce hypothyroidism. Once 
hypothyroidism becomes the primary cause of growth 
retardation, iodine supplementation would correct growth 
retardation, as we have observed in Tibet.

The role that thyroid hormones play in the growth 
retardation of selenium-deficient rats is unclear. Selenium 

(b)

Figure 71.6 Distal femoral metaphysis and epiphysis (a) of a selenium-deficient rat 74 days old and (b) of selenium-adequate rats. 
The selenium-deficient rat shows a deteriorated trabecular bone architecture with fewer and thinner trabeculae in the epiphysis and 
metaphysis (Von Kossa stain; magnification 11; bar  1 mm). Reproduced with permission from Moreno-Reyes et al., (2001). © The 
American Society for Bone and Mineral Research.

(a)
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supplements improved growth in selenium-deficient rats, 
but T3 infusion did not. However, the dosage of T3 used 
was probably too high and associated with decreased serum 
T4 levels, which may explain the lack of effect (Thompson 
et al., 1995).

Kashin–Beck Disease

KBD is an endemic osteoarticular disorder in China and 
Tibet. In certain villages, the prevalence rates may be 
as high as 100% of examined children. The condition 
appears between the ages of 5 and 15 years, and leads to 
varying degrees of disability throughout adult life. The dis-
order is probably of environmental origin, but the etiology 
remains an enigma (Sokoloff, 1987). KBD warrants atten-
tion, not only as a scientific challenge in its own right, but 
also for the insights it offers into how environmental con-
ditions may affect bone metabolism.

The earliest accounts describe KBD in Cossack settle-
ments along the Urov River in Siberia (“Urov disease”) 
(Sokoloff, 1989). In 1849, Ivan Yurenskiy, a land surveyor, 
wrote a report on the skeletal deformities in people living 
near the Urov River. The editorial commentator of this 
report believed that goiter, endemic to the area, was the 
likely etiological factor, but acknowledged that Yurenskiy 
made no mention of any mental impairment as one would 
expect in cretinism. Interestingly, a possible association 
between goiter and KBD was suggested from the earli-
est report, and despite the fact that more than 20 trace  
elements have subsequently been suggested as etiological 
factors in KBD, iodine deficiency was never mentioned 
again until 1998 (Figure 71.7).

The first physician to investigate the condition was 
Nicholas I. Kashin. Kashin (1856) issued a report entitled 

“Description of endemic goiter and other diseases prevail-
ing along the Urov River.”

After Kashin’s report, there was a 43-year hiatus in the 
investigation of “Urov disease.” It was rediscovered inde-
pendently by Eugene V. Beck, who carried out a survey in 11 
villages near the Urov River between 1899 and 1902. Among 
3153 inhabitants examined, Beck observed that 1009 had 
deformed bodies, thickened joints and a limping gait. He 
called the disease “osteoarthritis deformans endemica” and 
this was the title of his thesis in 1906 (Sokoloff, 1989).

In the Chinese literature, a similar syndrome was  
mentioned in Shanxi province, northwest China in 1644, 
but a detailed description was not given until 1934, in Jilin 
province, northeast China. Chinese scientists first reported 
the geographic association between KBD and selenium 
deficiency in the 1970s (Allander, 1994).

Epidemiology of Kashin–Beck disease

KBD used to be endemic in eastern Siberia, northern 
Korea and China, in a belt running from the northeast 
to the southwest, including Tibet. Prevalence in eastern 
Siberia diminished from 32% in 1906 to 8% in 1983. 
This decline has been attributed to improved hygiene and 
importation of food from other regions. In China, the 
prevalence has declined in many areas, but has increased 
in others (Yang et al., 1988). KBD occurs in 14 provinces, 
municipalities and autonomous regions in China, but is 
most prevalent in Shanxi province. A survey conducted 
in 1950 in northern China indicated that the preva-
lence rate was in the range of 30–40%, rising to 70% in  
certain localities. It is estimated that the disease still affects 
about 2 million people and that 30 million more are at 
risk (Yang et al., 1988).

The geographical distribution of KBD and Keshan  
disease is overlapping in northern China. Because there is a 
very strong spatial correlation between selenium deficiency 
and Keshan disease, some authors claim the same relation-
ship exist between selenium deficiency and KBD (Allander, 
1994; Yang et al., 1988). Selenium levels in food, and also in 
blood and hair samples, from subjects living in areas where 
KBD is endemic are systematically lower than in those from 
nonendemic areas (Wu and Xu, 1987). Clinical trials of 
oral selenite–vitamin E or sodium selenite alone have been 
reported as an effective cure for KBD (Yang et al., 1988), 
but these early studies have not been confirmed to date.

Reports from northern China suggest that subjects with 
higher rice consumption levels were protected against 
KBD (Zhai et al., 1990). The selenium concentration in 
rice from northern China is higher than in other cereals. 
The selenium concentration in hair of “high” rice-consum-
ing subjects in the northeast of China was also found to be 
correspondingly higher (Yang et al., 1988).

KBD is well-known in Tibet, where its local name is 
“Big Bone Disease.” In endemic regions one can find villages  

Figure 71.7 Kashin–Beck disease and endemic goiter. Left, 
Nicolai I. Kashin. Right, Kashin’s drawing of a 50-year-old Kashin–
Beck subject with writing permission from goiter, Kashin (1856).
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with a very high prevalence (up to 100% of examined chil-
dren) and neighboring villages with a very low or no prev-
alence (Moreno-Reyes et al., 1998). This clustering pattern 
of KBD within an endemic area suggests the existence of 
specific environmental conditions closely related to a par-
ticular and well-delimited area.

Clinical presentation of Kashin–Beck disease

Joint and growth plate cartilages are the most affected tis-
sues. The single most important pathological feature is 
the presence of multiple localized chondronecrosis foci 
in the hyaline cartilage. Secondary to the chondronecro-
sis, chondrocytes adjacent to the necrotic areas prolif-
erate and chondrocytic clusters are formed (Sokoloff, 
1990). A process of gradual remodeling and ossification 
of necrotic zones then starts. Eventually, healing of the 
necrotic areas takes place with the formation of scar bone 
tissue, leading to bone deformation. Early ossification of 
the growth plate terminates the growth of bones and leads 
to short fingers, short limbs and even dwarfism.

Although chondrocytes are the apparent seat of the 
disease, the possibility exists that the primary disturbance 
resides in the subchondral microcirculatory bed, which 
as a consequence compromises the viability of the cells 
(Sokoloff, 1990).

The disease becomes clinically evident between the 
ages of 5 and 15 years. Most patients complain of joint 
pain, muscular weakness, rapid fatigue and work limita-
tion. The most commonly affected joints are the ankles, 
the interphalangeal joints, elbows and the knees (Mathieu  
et al., 1997; Sokoloff, 1988). Bilateral involvement is com-
mon and affected joints are characterized by deformity 
and decreased mobility. Elbows and knees exhibit varying 
degrees of permanent flexion. There are no signs of inflam-
mation or joint effusion. Acute joint pain resulting from the 
pinching of intrajoint loose bodies may occur (Figure 71.8).

Chondronecrosis is the principal pathological change, 
but radiographic examination cannot reveal it until 
irregular calcification and ossification becomes evident 
as a consequence of the repairing and remodeling proc-
esses. Most of the radiological descriptions of KBD have 
been performed on hand radiography because it is easy to 
carry out. Radiological abnormalities are most frequently 
observed at the metaphyseal region. Earliest metaphyseal 
radiographic signs are thinning, blurring and interruption 
of the zone of provisional calcification. Some patients with 
severe metaphyseal involvement develop early epiphyseal 
occlusion that results in growth arrest of the metaphysis 
(Wang et al., 1996). Principal signs in the epiphyses are 
irregularities, depression and sclerosis of the calcifica-
tion line surrounding the epiphyses. The distal end of the 
phalanx shows thinning, blurring and interruption of the 
bone joint surface, followed by the “cigarette stump sign” 
or depression. “Cut-corner” sign, free bone mass and  

cyst-like change may also be seen. Carpal and metacarpal 
bones present local blurring, interruption, irregularities 
with sclerosis and depression of the bony joint surface and, 
eventually, defects and deformity (Figure 71.9).

Pathogenesis A prime feature of KBD is that it affects 
growing individuals. This suggests that, at some early 
stage, chondrocytes are particularly susceptible to certain 
toxic agents and/or nutritional deficiencies.

Two hypotheses dominate etiological research in recent 
decades: (1) KBD results from abnormalities in trace ele-
ments and excess of organic matter; and (2) mycotoxins, 
from fungal contamination, act selectively on the carti-
lages. Both hypotheses are not mutually exclusive.

The geographical association between selenium defi-
ciency and KBD supports selenium as an etiologic factor 
in the disease (Peng et al., 1992; Peng and Yang, 1991). 
The hypothesis is that selenium deficiency acts by decreas-
ing the activity of the selenoenzyme GSH peroxidase, 
and as such impairs the antioxidant defense mechanism 
of chondrocytes. Zones of high metabolism such as the 
growth plate may be particularly susceptible to toxic sub-
stances. Mycotoxins arising from fungal contamination of 
food or organic matter, e.g., fulvic acid in drinking water, 
generate free radicals (Peng et al., 1992). Fulvic acid is 

Figure 71.8 Clinical presentation of Kashin–Beck disease.  
A sixteen-year-old Tibetan boy with Kashin–Beck disease, show-
ing bilateral shortening and deformation of the distal ends of the 
humerus. Reproduced with permission from Moreno-Reyes et al., 
(2003). © The American Society for Nutrition.
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produced by the chemical and microbial decomposition of 
plants. It contains many reactive groups, including carbox-
yls, hydroxyls, carbonyls, phenols, quinones and semiqui-
none radicals, that may induce the formation of reactive 
oxygen. It has been reported that fulvic acid disturbs the 
processing of procollagen II to collagen II in articular car-
tilage (Yang et al., 1991, 1993). The combination of fulvic 
acid and selenium deficiency disturbs the structural integ-
rity of mouse skeletal tissue, inducing degeneration of the 
articular cartilage and growth plate (Yang et al., 1993).The 
bones of KBD patients showed significantly lower levels 
of calcium, and increased levels of strontium, iron, lead, 
manganese, zinc and silver. The bone mineral exhibiting 
the greatest relative change was silver. Interestingly, silver 
has been shown to exacerbate selenium and vitamin E 
deficiency experimentally in a variety of species (Bunyan  
et al., 1968). Nonetheless, based on epidemiological work 
in Tibet, a third hypothesis can be formulated: KBD is 
linked to iodine deficiency.

In Tibet, both endemic goiter and KBD are important 
public health problems. KBD occurs in areas of Tibet 
where selenium deficiency is endemic. In Tibet, as in most 
regions of China where selenium deficiency is endemic, 
iodine deficiency is also endemic, but the converse is not 

true (Ma et al., 1993). Because hypothyroidism impairs 
skeletal development in children (Delange et al., 1972; 
Vanderpas et al., 1986), iodine deficiency may be involved 
in the pathogenesis of KBD. In addition, because the 
activity of the selenoprotein, iodothyronine deiodinase, is 
affected by selenium deficiency (St. Germain and Galton, 
1997), selenium and iodine status may both influence the 
occurrence of KBD (Moreno-Reyes et al., 1998).

In the villages with KBD in Tibet, 38% of subjects 
had both KBD and goiter. In addition, serum TSH val-
ues greater than 10 mU/l, and greater than 50 mU/l, were 
more frequent in the villages with KBD than in villages 
without KBD (Moreno-Reyes et al., 1998).

In this cross-sectional study, KBD was associated 
with iodine deficiency in Tibet and this association per-
sisted when age and sex were controlled for by multivari-
ate analysis. The risk of KBD appeared to be greater for  
subjects with more severe iodine deficiency, i.e., lower uri-
nary iodine concentrations and higher serum TSH con-
centrations (Moreno-Reyes et al., 1998). The severity of 
iodine deficiency in Tibet makes iodine-supplementation 
programs mandatory.

However, the clinical relevance of selenium deficiency 
for KBD remains to be established.

Figure 71.9 Radiographs of the left ankle of a normal 14-year-old Tibetan boy (Panel a) and the left ankle of a 14-year-old Tibetan 
boy with Kashin–Beck disease (Panel b). The tarsal bones have an irregular, collapsed aspect. The distal epiphysis of the tibia is cone-
shaped and the length of tibia is abnormally shorter than the fibula. Reproduced with permission from Moreno-Reyes et al., (1998). © 
Massachusetts Medical Society.

(a) (b)
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A twelve-month selenium-supplementation trial in chil-
dren with KBD in Tibet did not show any effect on the main 
symptoms and signs of the disease (Moreno-Reyes et al., 
2003). But, in the same study, correction of iodine defi-
ciency before the administration of selenium supplements 
induced partial recovery of growth retardation. Selenium had 
no additional effect on either growth or thyroid function, 
despite the normalization of serum-selenium levels.

This study differs in several ways from previous reports 
(Lian et al., 1984; Wan et al., 1990); it was a double-
blind randomized controlled trial, with three arms: iodine; 
iodine and selenium; and control group. The aim of this 
trial was to study the effect of supplementation on bone 
lesion and growth in KBD subjects. The criteria for inclu-
sion in the trial were based on clinical examination and 
iodine deficiency was first corrected before selenium was 
given (Contempre et al., 1991). All the trials performed 
previously in China included only subjects with radiologi-
cal lesions, whereas only 14% of the subjects meeting the 
clinical criteria for KBD showed radiological lesions in the 
present study. Cases with radiological lesions represent more 
advanced stages of the disease and will be expected to be less 
influenced by selenium supplementation. Nonetheless, the 
absence of effect on the clinical evolution of KBD does not 
exclude the possibility that selenium might prevent KBD in 
unaffected children from endemic areas or the occurrence of 
new lesions in affected children, as new radiological lesions 
occurred only in the iodine-supplemented group.

Growth retardation diminished significantly in both 
iodine and selenium–iodine-supplemented KBD sub-
jects, but not in the control group. The effect on growth 
was probably due to the correction of iodine deficiency. 
Selenium supplementation had no additional effect on 
stunting once iodine deficiency was corrected. Interestingly, 
the improved growth in the iodine-supplemented children 
was not accompanied by an increase in body weight. Study 
subjects in the three groups had lower weight-for-height 
and weight-for-age z-score after 12 months of selenium 
supplementation. This probably reflects a decrease in food 
availability in the region, as the nonsupplemented group 
showed a similar pattern (Harris et al., 2001). The correc-
tion of iodine deficiency thus appeared to stimulate growth 
in children affected by KBD, notwithstanding a situation 
of overall food scarcity (Figure 71.10).

In KBD subjects, the evolution of thyroid function after 
correction of iodine was similar in selenium supplemented 
and nonsupplemented subjects. This finding corrobo-
rated previous studies, suggesting only a moderate effect 
of selenium deficiency on thyroid hormones in human 
(Calomme et al., 1995; St. Germain and Galton, 1997). 
In Tibet, the administration of an intramuscular injec-
tion of 475-mg of iodine to KBD subjects was sufficient 
to correct iodine deficiency for 16 months, because at  
this time serum T3 increased again to pre-iodine  
levels and mean iodine urinary concentrations had fallen 
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Figure 71.10 Selenium supplementation and growth. Mean 
(SE) weight-for-height z-score, mean (SE) weight-for-age  
z-score, and mean (SE) height-for-age before and after 12 
months of selenium supplementation in nonsupplemented subjects 
(); in placebo-iodine-supplemented subjects (); and in selenium–
iodine-supplemented subjects (). In two-factor repeated meas-
ures ANOVA, the main effect of time was significant (P  0.001) 
as was the time  iodine interaction (weight-for-height z-score, 
P  0.001; weight-for-age z-score, P  0.026; height-for-age  
z-score, P  0.001). *Significantly different from the baseline value 
P  0.001. Reproduced with permission from Moreno-Reyes  
et al., (2003). © The American Society for Nutrition.
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below 5 g/dl. The increased serum T3 that appears is an 
early compensatory mechanism in conditions of iodine 
deficiency.

Altogether this data suggest that the effect of selenium 
supplementation on growth and thyroid function in sele-
nium- and iodine-deficient subjects is not significant once 
iodine deficiency is corrected (Figures 71.11 and 71.12).

Concluding Remarks

In addition to iodine deficiency, protein energy-mal-
nutrition may be a risk factor for KBD, as suggested by 
the association of KBD with low socioeconomic status, 
low food diversity and low T4-binding globulin (Suetens  
et al., 2001) and the protective effect of food with high 
protein content (Harris et al., 2001; Zhai et al., 1990). 
The association of KBD with protein caloric-malnutrition 
may indicate that subjects suffering from poor nutritional 
status are more at risk from severe iodine and selenium 
deficiency than those who have access to a diversified diet. 
Conversely, protein calorie-malnutrition in its own right 
may aggravate the effect of iodine deficiency by decreas-
ing intestinal absorption of iodine (Ingenbleek, 1986; 
Ingenbleek and Beckers, 1973; Ingenbleek et al., 1980) or 
by affecting selenium metabolism (Burk et al., 1967; Zhu 
et al., 1993).
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Figure 71.11 Urinary iodine concentrations after iodine and 
selenium supplementation. Mean urinary iodine concentrations 
in the placebo-iodine supplemented subjects () and in the  
selenium–iodine-supplemented subjects () over time. The ref-
erence range for iodine urinary concentrations is situated above 
the dotted line. Bars indicate values 1 SE below and 1 SE above 
the mean on the logarithmic scale. There was a significant main 
effect of time (P  0.001). *Significantly different from all subse-
quent values (Helmert contrasts). Reproduced with permission 
from Moreno-Reyes et al., (2003). © The American Society for 
Nutrition.
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Figure 71.12 Thyroid hormone concentrations after iodine 
and selenium supplementation. Mean (SE) serum thyroxine 
(T4), triiodothyronine (T3) and thyrotropin (TSH) concentrations in 
the placebo-iodine supplemented subjects ( circles), and in the 
selenium–iodine-supplemented subjects ( circles). The reference 
range for serum TSH concentrations is within the dotted line. For 
serum TSH, bars indicate the values 1 SE below and 1 SE above 
the mean on the logarithmic scale. A significant main effect of time 
was observed for serum T4 (P  0.001), T3 (P  0.001), and TSH 
(P  0.011). *Significantly different from all subsequent values, 
P  0.001 (Helmert contrast). For serum T3, there was a signifi-
cant main effect of group (P  0.03). Reproduced with permis-
sion from Moreno-Reyes et al., (2003). © The American Society 
for Nutrition.
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Within an endemic area the poorest subjects are likely to 
be at greatest risk, because their diet is likely to be the most 
deficient and the most contaminated by toxins. The asso-
ciation of KBD with a poorly diversified diet underlines 
the fact that this disease should be viewed as a nutritional 
disorder affecting a population deficient not only in iodine 
and selenium, but also in other nutrients. A prevalence of 
66% of rickets in Tibetan children 24-months, of age or 
older has been reported in rural areas. The serum concen-
trations of 25-hydroxyvitamin D measured in 130 chil-
dren were less than 10 ng/ml in 85% of them (Harris et al., 
2001). Whether rickets, which appears in children 4–25 
months, favors the occurrence of KBD that appears in chil-
dren 5 years or older is an interesting hypothesis.

Selenium supplementation for 12 months had no 
effect on the principal symptoms and signs of KBD 
(Moreno-Reyes et al., 2003). It may be that, once the dis-
ease becomes clinically apparent, the skeletal lesions are 
irreversible and will not respond to selenium treatment. 
Because selenium supplementation is not the treatment for 
Keshan disease once symptoms become clinically apparent, 
we may accept the same for KBD. As selenium prevents 
Keshan disease it could also prevent KBD.

“Pure” selenium deficiency impaired bone metabolism 
in growing rats. However, selenium deficiency alone did 
not induce skeletal changes similar to those characteristic 
of KBD (Moreno-Reyes et al., 2001). This supports the 
multifactorial etiology of the disease, as suggested by epi-
demiological studies (Suetens et al., 2001). What is absent 
in the experimental model of selenium-deficient rats, is the 

“aggressor” which would challenge bone tissue and possi-
bly induce skeletal lesions. In the animal model for Keshan 
disease, coxsackievirus infection induced a myocarditis in 
selenium-deficient or cGPx knock-out mice (Beck et al., 
1994, 1998). Such a trigger remains to be found for KBD.

Further research is needed to elucidate the relation-
ship between selenium status, bone metabolism and the  
pathogenesis of KBD. The identification of a factor and 
mechanism which may induce skeletal lesions in condi-
tions of selenium deficiency, should be investigated.

The factors involved in the pathogenesis of KBD are 
schematized in Figure 71.13. Selenium deficiency probably 
has a central role as it affects three different pathways: the 
GH–IGF-I axis; a decrease of the antioxidant cell defenses; 
and the increase of bone transforming growth factor-beta 
(TGF-1) as shown first in the thyroid (Contempre et al., 
1996) and recently in the kidney (Reddi and Bollineni, 
2001). The lowering of the capability of antioxidant 
defenses would contribute to make the bone cell more 
susceptible to an “aggressor,” generating an excess of reac-
tive oxygen species. The bone is the largest tissue source of 
TGF-1 (Bonewald and Mundy, 1990). The physiologi-
cal increase of this cytokine in the case of tissue damage 
(Border and Ruoslahti, 1992), may lead, in selenium- 
deficient subjects, to an overproduction of TGF-1 
and abnormal scarring leading to bone deformation 
(Contempre et al., 1996; Yang et al., 1993). Other nutri-
tional deficiencies, such as iodine or vitamin D associated 
to selenium deficiency in endemic KBD areas as in Tibet, 
may further impair bone metabolism (Figure 71.13).
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Figure 71.13 Multifactorial hypothesis for Kashin–Beck disease. cGPx, cytosolic glutathione peroxidase; ROS, reactive oxygen spe-
cies; TGF-1, transforming growth factor-beta; GH, growth hormone; IGF-I, insulin-like growth factor I; PTH, parathyroid hormone; 
1,25(OH)2D3, 1,25-dihydroxyvitamin D3; T4, thyroxine; T3, triiodothyronine.
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Aside from the role that selenium may play in KBD, 
whether it is important for health in selenium-deficient 
subjects is unknown. Studies designed to asses the less 
obvious health consequences of selenium deficiency 
are needed. Considering the limited resources and the 
many health problems facing the Tibetan population, 
it seems at this point inappropriate to advocate for spe-
cific programs of selenium supplementation as long 
as the benefits of such supplementation are not clearly 
demonstrated.

In other regions of China the prevalence of KBD has 
decreased with improvements in social and economic 
conditions. KBD is clearly associated with the poor nutri-
tional status of the Tibetan rural population. The control 
of KBD in regions such as Tibet should not wait until the 
etiology of the disease is found. The eradication of this 
incapacitating disease needs a holistic approach evolving 
around improvements in the nutritional status and health 
services delivered to the affected populations. This should 
be a political and healthcare priority.

Summary Points

l KBD is associated with the poor nutritional status of 
the Tibetan rural population. In other regions of China, 
the prevalence of KBD has decreased with improve-
ments in social and economic conditions.

l Epidemiological studies support a multifactorial etiol-
ogy of the disease.

l Iodine and selenium deficiency are both associated with 
KBD. Nonetheless, proof that selenium and iodine 
supplementation prevent the occurrence of KBD is 
missing.

l Considering the limited resources and many health 
problems facing the Tibetan population, it seems at this 
point inappropriate to advocate for specific programs 
of selenium supplementation, as long as the benefits of 
such supplementation are not clearly demonstrated.

l Iodine deficiency remains a health problem in Tibet. 
Measures to improve the iodine intake of the Tibetan 
population must be strengthened.
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Abstract

Iodine is a ubiquitous trace element normally present in every 
individual. Its major biological function lies in the forma-
tion and synthesis of thyroid hormones. The thyroid concen-
trates iodine in order actively to generate thyroid hormones 
by the iodination process to meet its daily requirement. The 
intrathyroidal concentration of iodine is normally between 
8 and 10 mg, and this amount is strictly regulated accord-
ing to the concurrent iodine state. In the presence of exces-
sive iodine, thyroid uptake is blocked via the mechanism of 
the Wolff–Chaikoff effect. However, this can be overcome 
by chronic iodine excess, which leads to avoidance this effect 
so that of subsequent iodine-induced thyrotoxicosis occurs. 
Conversely, iodine excess in itself can cause hypothyroidism, 
which is readily reversible once the cause is remedied. Iodine 
can be obtained from a number of sources including foods, 
sausages, legumes, bread, and salt, which is iodized in most 
countries. More importantly, a number of medications have 
been reported to cause iodine-related thyroid diseases, such as 
amiodarone (see below), iodine-based contrast such as iopanoic 
acid, and iodine-based antiseptics including Iodoform Gauze. 
Following iodine-induced thyroid dysfunction, excessive thy-
roid hormones or, indeed, their absence, can have a significant 
and profound effect on systemic neuromuscular function. 
Hyperthyroidism can result in muscle fatigue and myalgia, 
myopathy, rhabdomyolysis, ophthalmoplegia and myasthenic 
gravis. Hypokalemic thyrotoxic periodic paralysis is an interest-
ing condition in which the archetypal disruption is profound 
paralysis in the presence of thyrotoxicosis. Similarly, the absence 
of thyroid hormones can also result in weakness, myopathy and 
peripheral neuropathy. Both can result in nerve entrapment –  
classically carpal tunnel syndrome. More importantly, neu-
romuscular dysfunction associated with both ends of the thyroid  
spectrum resolve once rendered euthyroid. Neuromuscular 
dysfunctions are discussed in detail in this chapter.

Abbreviations

Ca-ATPase Calcium-adenosine tri-phosphatase
CK Creactive kinase
CRP C-reactive protein
CSF Cerebrospinal fluid
CTS Carpal tunnel syndrome

DNA Deoxyribonucleic acid
EMG Electromyography
FHPP  Familial hypokalemic periodic 

paralysis
HTPP  Hypokalemic thyrotoxic periodic 

paralysis
IL-6 Interleukin-6
MG Myasthenia gravis
mRNA Messenger ribonucleic acid
Na/K-ATPase  Sodium/potassium-adenosine 

tri-phosphatase
NCS Nerve conduction study
NIS Sodium iodide symporter
SNP Single nucleotide polymorphism
THs Thyroid hormones
TSH Thyrotropin
TTX Thyrotoxicosis

Introduction

Iodine is a ubiquitous trace element normally present in 
every individual. Its major biological function lies in the 
formation and synthesis of thyroid hormones (THs). 
The thyroid concentrates iodine in order actively to gen-
erate THs by iodination process to meet the body’s daily 
requirement. The intrathyroidal concentration of iodine 
is normally between 10 and 12 mg, and this amount 
is strictly regulated according to the concurrent iodine 
state. In the presence of excessive iodine, thyroid uptake 
is blocked via the mechanism of the Wolff–Chaikoff 
effect (Wolff and Chaikoff, 1948). However, this can be 
 overcome by chronic iodine excess, which will lead to 
avoidance of this effect so that subsequent iodine-induced 
thyrotoxicosis (TTX) occurs (Figure 72.1). Conversely, 
iodine excess in itself can cause hypothyroidism, espe-
cially in cases of pre-existing thyroid diseases, including 
thyroiditides and Graves’ disease (Braverman, 1994). This 
is readily reversible once the source has been removed. 
Iodine can be obtained from a number of sources including 
foods, sausages, legumes, bread, and salt, which is iodized 
in most countries. More importantly, a number of medi-
cations have been reported to cause iodine-related thyroid 
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diseases, such as amiodarone, iodine-based contrast such 
as iopanoic acid, and iodine-based antiseptics including 
Iodoform Gauze (Wiersinga and Braverman, 2003).

Following iodine-induced thyroid dysfunction, either 
excessive or deficient THs can cause a significant and 
profound effect on systemic neuromuscular function. 
Hyperthyroidism can result in muscle fatigue and myalgia, 
myopathy, rhabdomyolysis and ophthalmopathy, with or 
without concurrent myasthenic gravis (MG). Hypokalemic 
thyrotoxic periodic paralysis (HTPP) is an enigmatic con-
dition in which the archetypal disturbance is profound 
paralysis in the presence of TTX. The myxoedematous 
state results in not too dissimilar neurological disturbances 
including myopathy, peripheral neuropathy, rarely rhab-
domyolysis, ataxia and cognitive disruption. Both HTPP 
and the myxoedematous state can result in nerve entrap-
ment, classically CTS. Prognostically, neuromuscular  
dysfunction associated with both ends of the thyroid spec-
trum resolve once rendered euthyroid. These neuromuscular 
dysfunctions are discussed in detail in this chapter.

Normal Iodine and Thyroid Physiology

Iodine is commonly available through various food sources, 
but is present in high concentration in kelp, seaweeds and 

certain iodine-based medications, such as amiodarone 
and iodine-based radio-opaque contrast. Following oral 
ingestion, iodine is absorbed through the duodenum and  
circulates mainly unbound in its iodide chemical form. 
The plasma concentration of iodine is low in compari-
son with that inside the thyroid, and thus the sodium 
iodide symporter (NIS) is required to concentrate iodine 
actively in the thyroid. Following the influx of iodine,  
thyrocytes increase their TH production, which increases 
iodinase activity, however, only to a crucial level. Thereafter, 
further high concentration of iodine does not seem to affect 
the iodinization of THs, due its own intrinsic regulation, 
probably because of a decrease in the thyroid iodide trap. 
In fact, the NIS number is reduced in the presence of excess 
iodide to maintain a normal intrathyroidal iodine concen-
tration (Eng et al., 1999). When iodine concentration 
becomes low, the situation recurs, with an increase in iodi-
nization and a resumption of TH production. The thyroid 
iodine content is normally 1.5 g and can be upregulated to 
a certain amount, but after that, it appears that the content 
is not affected by the circulating iodine concentration. The 
thyroid response to exposure to high iodine also depends 
on the presence of a pre-existing thyroid condition. 
Patients with Graves’ disease or autoimmune thyroiditis 
often develop hypothyroidism, whereas hyperthyroidism 
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Figure 72.1 The Wolff–Chaikoff phenomenon. The high circulating iodine concentration leads to high intrathyroidal content. Acutely, 
this leads to a reduction in TH synthesis (light-gray shaded area). With chronic exposure, hormone synthesis returns to normal (dark-
gray shaded area), avoiding the Wolff–Chaikoff effect. This is thought to be due to the reduction in intrathyroidal iodine concentration as 
NIS are downregulated (white cross) in this setting.
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occurs commonly in euthyroid nodular disease or in areas 
of iodine deficiency.

Neuromuscular Dysfunction of Thyroid 
Dysfunction Pathophysiology

Normal physiology of thyroid hormones on 
muscular tissues

THs have a significant effect on the neuromuscular function, 
and this is best appreciated at a molecular level. Following 
their release into the circulation, THs circulate bound to 
various binding proteins such as thyroid-binding globulin 
or prealbumin. Because they are water insoluble and thus 
can persist for days to weeks, the cellular and end-organ 
effects tend to be long-term. Upon arriving at the tissue 
sites, THs dissociate and traverse the cellular membrane and 
bind to the nucleus, which then activates the tropomyosin 
myosin to degrade or degenerate. The plasma membrane 
content of iodothyronine-5-monodeiodinase is regulated 
by T4 and T3 concentrations, and is thus able to regulate 
the concentration of T3 level in situ. This is important in 
the regulation of local tissue T3 level, because it is the T3 
level that is the active ingredient, and it is synthesized at 
the tissue level by the action of tissue deiodinase activ-
ity. After negotiating the cellular membrane, THs bind 
directly to the DNA complexes in the nucleus, which are 
normally inhibitory. However, the binding of THs to these 
complexes inactivates their action by dissociation, but also 
turns on coactivator proteins that induce gene transcrip-
tion. This subsequently alters gene expression and activates 
mRNA synthesis, followed by protein production. Because 
this is a slow process, it can take weeks to months to exert 
an effect. Many of the human tissues, particularly skele-
tal tissues, bear specific receptors through which THs are 
allowed to exert their effects.

THs have numerous effects on the functioning of muscle 
generation and contractility. T3 receptors are present on the 
mitochondrial membrane of skeletal muscles, which suggests 
a direct impact of T3 on the oxidative process of glycogen 
on muscle metabolism. T3 also stimulates glucose uptake 
by muscle cells, protein synthesis and therefore growth of 
muscles by gene stimulation. It controls the number of 
adrenergic receptors on the muscle and the rate of glycoge-
nolysis. Protein synthesis and degradation are also affected. 
THs upregulate transcription and activate Na/K-ATPase 
activity in muscles, as well as affecting fat oxidation and 
lipoprotein lipase activity. They also induce transcrip-
tion of many muscle-specific genes, including myosin 
heavy-chain isoforms, and the sarcoplasmic reticulum 
Ca-ATPase activity. There are receptors for THs on vari-
ous organelles that are very sensitive to the effect of THs. 
These are independent of the genomic action of THs, and 
the receptors for these remain to be completely under-
stood. TH actions are mostly homeostatic in nature, by 

which the THs maintain a normal glucose level, specific ions 
such as potassium, cell-membrane ion channels, sarcoplasmic 
reticulum ion-pump activity, and the contractility elements 
in vascular smooth muscle.

Despite the relatively detailed understanding of iodine 
metabolism and the action of THs at the molecular level, 
their action on the human nervous system remains poorly 
understood. At the clinical interface, the neuromuscular 
manifestations of THs are quite common. Their incidence 
depends primarily on how extensively and rigorously the 
symptoms are sought. Overall, neuromuscular dysfunction 
occurs in 20–80% of cases (Aminoff, 2002). In hypothy-
roidism, it is as high as 79%, and in hyperthyroidism it 
is 67%. The predominant symptoms are sensorimotor 
axonal neuropathy in both extremes of thyroid dysfunc-
tion. Most of these resolve with treatment for the thyroid 
condition. Although not documented, most patients with 
thyroid disease often complain of neuromuscular-type  
symptoms.

Amiodarone and iodine excess

Besides the common scenario of dietary iodine intake caus-
ing thyroid dysfunction, a very interesting cause of inad-
vertent iodine excess is the iatrogenic use of amiodarone. 
This medication warrants a special consideration because it 
is very effective and is increasingly used in the treatment of 
cardiac arrhythmia (October et al., 2007). This medication 
has 30% iodine content and, if used chronically, can lead to 
significant iodine overload (Figure 72.2). One hundred milli-
grams of amiodarone fulfills 250 times the daily requirement 
of an adult. It is a lipophilic medication that can result in 
significant iodine overload. In chronic use, it can cause both 
hypothyroidism and TTX. The latter can be detrimental, as 
patients are often older and have underlying ischemic heart 
disease. Amiodarone causes two types of TTX when about 
2–3% of it is administered. The first, type I, is associated 
with iodine overload in chronic and prolonged use. Type II 
is the result of an inflammatory reaction, which is thought 
to be an allergic reaction to amiodarone or its metabolite, 
desmethylamiodarone. The distinguishing features of the 
two conditions lie in the character of the pertechnetate 
scans, which is patchy (but present) in the former (Figure 

72.3) and completely absent in the latter (Figure 72.4). 
Treatment is then determined by the type of TTX. Type I is 
responsive to iodine-manipulating agents and hormone syn-
thesis blocking agents, such as iopanoic acid and thioureas, 
respectively. Type II is responsive exquisitely to corticos-
teroid and comorbidities, such as glucose metabolism and 
bone health (Daniels, 2001). In clinical practice, the two 
types of TTX are often indistinct, and both types of medi-
cations are employed for rapid and optimal response. The 
duration of therapy varies according to the duration of ami-
odarone use and can take a long time to settle down. Other 
features, such as thyroglobulin, thyroid auto-antibodies,  
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IL-6 and CRP markers are not useful in distinguish-
ing between the two conditions (Bartalena et al., 1994). 
However, they remain useful adjunctive investigations.

Hypothyroidism can also occur with amiodarone 
use. Although possible, the condition is likely to be 
related to the inability to avoid the Wolff–Chaikoff 
effect. Amiodarone itself can induce Hashimotos thy-
roiditis, which can result in permanent hypothyroidism. 
Otherwise, hypothyroidism is reversible once amiodarone 
wears off. This warrants a review of the condition and a 
trial of replacement therapy approximately 6–12 months 
after the cessation of amiodarone due to its particularly 
long half life (Basaria and Cooper, 2005).

Hyperthyroidism and Neuromuscular 
Dysfunction

The presence of excessive THs in the thyrotoxic state 
induces significant changes in the neuromuscular system. 
THs cause a predominantly catabolic state, resulting in 
increased muscle breakdown, wasting and weakness due to 
an accelerated metabolic rate. There is often an increase in 
efflux of branched-chain amino acids, phenylalanine and 
tyrosine from muscle bed, with a net muscle loss. THs 
also cause an increase in the activity of uncoupled ATPase 
and sarcoplasmic reticulum vesicles. This increase is much 
more in the red muscle types than in white ones, which is 
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Figure 72.2 Amiodarone structure in comparison with l-thyroxine. Note the high iodine content (broken circles) and the similar struc-
tures of the two molecules.

Figure 72.3 Typical thyroid pertechnetate nuclear uptake in type I amiodarone-induced TTX, which is often patchy. The white, closed 
circle marks the sternal notch.
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confirmed by the presence of increased muscle breakdown. 
Following treatment, there is an increase in mRNA lev-
els of isoforms of myosin heavy chains, which is a major 
contractile protein involved in ATPase actions in skeletal 
muscles. There is a net increase in slow-twitch fiber, as well 
as an overall increase in fat and muscle mass. The com-
monly associated changes are proximal muscular weakness 
and atrophy, the latter occurring usually in the deltoid, 
supraspinatus and quadriceps muscles. Changes also occur 
in type 2A diameter fibers, and there is a decline in oxida-
tive capacity in TTX. A peculiar difference is that while 
there is positive ionotropic activity on the myocardium, a 
paradoxical myopathic effect is observed on striated skel-
etal muscles. A high proportion of thyrotoxic patients lose 
weight at an average of 5–10 kg depending on the dura-
tion of the illness. Following treatment, the premorbid 
weight is recovered, because there is a reduction in energy 
expenditure and lipolysis of striated muscular tissue. In the 
recovery process, weight increase predominantly occurs in 
the first 3 months after initiation of antithyroid therapy.

Peripheral nerve disorders

TTX can result in peripheral neuropathy, although this 
disorder is uncommon. The prevalence is generally low, 
depending on the duration of the condition, which is 
thought to be about 5% clinically, but increases to 8% in 
subclinical cases (Roquer and Cano, 1993). Nerve entrap-
ment, similar to hypothyroidism, can also occur. The most 
common is median nerve compression, commonly known 

as CTS, but other nerve entrapments include ulnar entrap-
ment of the elbow, tarsel tunnel syndrome, peroneal fibu-
lar head entrapment, facial palsy and meralgia paresthetica. 
The exact prevalence of each condition is unknown but is 
appreciated to be low, mostly described in case reports. 
The causative mechanism is unknown, but is believed to 
be due to infiltration of tendon sheaths with mucopoly-
saccharides and the influence of TH on axonal function, 
as demonstrated by neurophysiological analysis (Cakir  
et al., 2003). Recurrent polyradiculoneuropathy has been 
described with hyperthyroidism and has responded to 
treatment, but this is clearly a diagnosis of exclusion once 
other critical causes are excluded (Konagaya et al., 1993). 
Polyneuropathy can occur, but is less common than 
mononeuropathy.

Myopathy

The prevalence of myopathy in TTX is high, occurring 
in 60–80% of cases. Abnormal electrophysiological find-
ings are recorded in 38% of cases. Thyrotoxic myopathy 
can occur in both acute and chronic forms. In the acute 
form, there is a rapid increase in weakness, with atrophy 
of the shoulder and the thigh/pelvic girdle muscles. Pain 
is uncommon and weakness seems to be more prominent, 
and thus much more noticeable and symptomatic in older 
and frail patients. On the contrary, the younger population 
is more affected by tremors. Historically, bulbar and/or 
oropharyngeal dysfunctions were more prominent, but are 
now relatively uncommon, as these abnormalities reflect the 

Figure 72.4 Typical thyroid pertechnetate nuclear uptake in type II amiodarone-induced TTX. Typically, there is no uptake due to the 
acute inflammatory process, which discharges all the THs, resulting in an absent uptake. The white arrows point to the salivary glands 
for comparison of uptake.
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duration of the TTX rather than the acute hyperthyroxine-
mia. This is physiologically consistent with the molecular 
action of THs previously discussed (Swanson et al., 1981). 
Severe cases may affect ventilatory muscles including dia-
phragmatic function, and these cases should be assessed 
carefully with regard to respiratory status. Fortunately, the 
dyspnea associated with TTX resolves with the rendering 
of euthyroidism (Zwillich et al., 1978). Pathogenesis is 
uncertain, but is understood to include excessive metabo-
lism of muscle protein resulting in a net negative effect, 
catabolizing the muscle, and causing weakness in the long- 
term. In most cases of thyrotoxic myopathy, the histology 
is normal or increased fibrosis, mild atrophy and infiltra-
tion with fat cells, and increase in sarcolemma nuclei. 
Focal perivascular lymphorrhages in striated muscles of 
thyrotoxic patients have been described (Gruener et al., 
1975; DeLong and Adams, 1991). Following successful 
therapy, there tends to be an improvement in body weight; 
both fat and lean body mass increase in muscle strength 
(Kaminski and Ruff, 1989; Norrelund et al., 1999).

Rhabdomyolysis

Rhabdomyolysis rarely occurs in TTX unless there is an 
underlying and coexisting abnormality, such as alcoholism, 
medications (such as hydroxymethylglytaryl CoA reduct-
ase inhibitors), inherited metabolic disorders, or extreme 
exercise. So far, there are only four cases of rhabdomyoly-
sis associated with hyperthyroidism, and often there are 
superimposing conditions (Lichtstein, 2006; Bennet and 
Huston, 1984). The mechanism is unclear, but is certainly 
related to increased energy consumption, associated with 
the depletion of energy store and substrates (Horak and 
Pournand, 2000). The degree of rhabdomyolysis is mild 
to moderate, with creatine kinase levels ranging between 
1000 and 10000. This resolves with general support and 
antithyroid medications.

Hypokalemic thyrotoxic periodic paralysis

HTPP is a special condition in which the presence of 
excess THs seems to result in marked hypokalemia with 
resultant severe paralysis, commonly in the lower limbs.  
It classically occurs in males of Asian descent, but has been 
described more and more in the white Anglo-Saxon popu-
lation of both genders. The NCS is normal and the EMG 
shows a repetitive weakness pattern.

The neuromuscular dysfunction is a very interesting 
phenomenon in this enigmatic condition. This condition 
presents with a classical triad of marked hypokalemia, TTX 
and severe quadraparesis. Quadraparesis may involve any 
muscle group, including the bulbar muscles and infrequently 
the cranial nerves, but the lower limbs are the most affected. 
Although the condition is often not life-threatening,  

deaths from respiratory paralysis and cardiac failure 
have been reported. At the very least, patients are fright-
ened and alarmed by the sudden onset of severe paraly-
sis (Tran et al., 2003). Due to its clinical resemblance to 
autosomal dominant FHPP, mutation analyses have been 
performed to see if a similar situation exists at the molec-
ular level, to further the understanding of the condition. 
Mutations for FHPP have been linked to three mutations: 
one in the calcium channel alpha-1 subunit (CACN1AS) 
(Dias Da Silva et al., 2002a; Kung et al., 2004; Lin et al., 
2004);one in the sodium channel alpha subunit (SCN4A) 
(Ng et al., 2004); and one in the human skeletal mus-
cle voltage-gated potassium channel (KCNE3) (Tang 
et al., 2004), none of which has been detected in HTPP 
patients. A solitary HTPP case in a patient of Portuguese 
descent, in whom KCNE3 mutation had been described, 
(Dias Da Silva et al., 2002b) but there was a probability 
of coexisting HTPP and FHPP, as previously reported in 
the same group of patients (Kung et al., 2004), also failed 
to detect any association with the microsatellite markers 
that mapped to chromosome 1, where the genes for the  
-1, -2 and -1 subunits for the Na/K-ATPase pump  
are located. Hence, the exact genetic mutation and inherit-
ance are yet to be determined, but the disease can almost be 
viewed as an X-linked recessive condition with such a male 
preponderance, because all the genes investigated so far are 
located on the non-X chromosomes. A possibility is the 
association of three novel SNPs in CACN1AS previously 
mentioned. These SNPs lie at or near the TH response ele-
ment and can modulate the binding of TH on the calcium 
channel, and thus account for the discrepancy between the 
rapid remission of the paralysis and the physiological long 
half life of tetra-iodothyronine. The pathogenesis of this 
condition is far from completely being understood, but it 
is thought that the condition is inherently related to the 
Na/K-ATPase pumps that may affect the distribution of K 
concentration. Figure 72.5 summarizes the currently under-
stood pathogenesis of this enigmatic condition. However, 
excessive iodine load, in the presence of a predisposed thy-
roid gland, such as multinodular goiter or cysts, leads to 
the development of TTX due to the overproduction of 
THs. These in turn induce an insulin-resistance state in 
which there is an increased circulating insulin level, which 
causes the uprelocation of -2/-1 units to the plasmale-
mmal surface of both mammalian and human thyrotoxic 
muscles (Hundal et al., 1992; Phakdeekitcharoen and 
Phudhichareonrat, 2007). These supersensitive ATPase 
pumps then significantly increase K intracellularly, 
without causing any other changes, resulting in hypoka-
lemia and subsequent paralysis. Potassium is important 
in nerve conduction, and in low concentration results in 
severe paralysis. This is critical if the respiratory muscles 
are affected, as death may ensue. Mutations of the -  
and -subunits of ATPase are yet to be described in TTX 
of periodic paralysis. THs, specifically T3, upregulate 
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Na/K-ATPase mRNA expression of the -2/-1 subunits 
in skeletal muscle membrane, which may lead to specific 
reduction in potassium level (Figure 72.6).

Movement disorders

Movement disorders are unusual in TTX, although they 
are well-described. The commonest symptoms are marked 
and fine hand tremors. Others include hyperkinesis, occa-
sionally in the eyes and even general fidgets. Less common 
movement disorders include choreiform movements or 
even convulsions. Chorea associated with hyperthyroidism 
includes paroxysmal kinesigenic choreoathetosis, in which 
abnormal and purposeless movements of the limbs are 
triggered with attempts to use the limbs (Drake, 1987; 
Yen et al., 1997; Fischbeck and Layzer, 1979; Heffron 
and Eaton, 1970), or general chorea (Ristic et al., 2004; 
Van Uitert and Russakoff, 1979; Pozzan et al., 1992). 
Choreoathetoses tend to occur in severe cases of toxicosis. 
These movements are thought to be due to a reduced CSF 

level of homovallynic acid and an increased sensitivity to 
the cerebrospinal level of dopamine. As a result, this can be 
blocked and alleviated by antidopaminergic agents, such as 
haloperidol (Klawans et al., 1973). Paroxysmal dyskinesia 
has been described in patients with hyperthyroidism. All 
these movement disorders seem to resolve with resolution 
of the thyroid condition. Ocular movement disorders in 
Graves’ ophthalmopathy, and its pathogenesis and asso-
ciation with MG, have been the subjects of many excellent 
contemporary reviews (Khoo and Bahn, 2007; Durairaj, 
2006; Garrity and Bahn, 2004).

Myasthenia gravis

MG occurs in about 1% of patients with Graves’ disease. 
The myasthenic syndrome may be independent of the 
thyroid condition, and may persist even after the patient has 
been rendered euthyroid. Generally speaking, the myasthenic 
syndrome improves in parallel with improvement in the  
thyroid condition.
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Higher center considerations (including 
seizures and psychiatric associations)

Higher center and corticospinal tract disorders can result, 
with features of upper motor neurone disease, but the 
exact pathogenetic mechanism is unknown so far although 
some hypotheses include direct TH effects or cellular elec-
trolyte shift (Garcia and Fleming, 1977; Melamed et al., 
1975; Ravera et al., 1960). It can also mimic raised intrac-
ranial pressure (Herwig and Sturzenegger, 1999) and be 
resolved with antithyroid medication. Seizures can occur 
and respond well to normalization of thyroid disease. 
Clearly, these are unusual associations with TTX and war-
rant exclusion of other important causes prior to arriv-
ing at the final diagnosis. Due to the direct effect of THs 
on cerebral tissues, these seizures should be generalized, 
although focal seizure has been described. Seizures can be 
the first symptoms presenting as TTX.

The higher center or neuropsychiatric effect of TTX can 
be quite obvious, particularly to the relatives of the patient. 
Symptoms include listlessness, fidgets, agitation, emotional 
lability and, occasionally, marked psychosis. Partners and 
relatives are often the first people to observe the change in 
personality and behaviors, which include a lot of aggres-
sive behavioral difficulties and disharmony. Attention span 
can be short, and in predemented patients it can exacerbate 
the condition and can precipitate schizophrenic and para-
noid behaviors. Hashimoto encephalitis has been described 
and is thought to be related to the thyroid autoantibody 
effects on cerebral tissues independent of thyroid activity. 
Electroencephalogram activity is usually diffuse with high 
CSF protein level, but no pleocytosis (Ozbey, 2002).

Hypothyroidism and Neuromuscular 
Dysfunction

Similar to TTX, thyroid underactivity can result in significant 
neuromuscular dysfunction, which is generally better appreci-
ated by clinicians. The prevalence of neuromuscular disease in 

hypothyroid patients is quite variable, and ranges from 40% 
to 80% (Hilton-Jones et al., 1995; Alshekhlee et al., 2002; 
Engel, 1994). Electroneuromyographic studies found evi-
dence in 88% of hypothyroid patients, 47% of those with 
myopathy, and 44% patients with CTS (Cruz et al., 1996).

Pathogenesis

The pathogenesis is largely unknown at the molecular level, 
but is clearly thought to be due to the lack of THs, which 
impacts on the development and normal metabolism of 
muscles. These include slowed or reduced metabolism 
decreased protein turnover and impaired glycogenolysis.

Peripheral neuropathy (including CTS)

CTS prevalence is wide-ranging, from 2% to 35%, and is 
due to the deposition of mucinous and glycosaminoglycans 
in the carpal tunnel, resulting in compression of the median 
nerve. Other less-common nerve entrapments include the 
tibial nerve and the peroneal nerve (Schwartz et al., 1983). 
Other neuropathies include sensorimotor axonal polyneu-
ropathy and myopathy. Sensory polyneuropathy can be 
detected on testing, and it can be as high as 79% (Beghi  
et al., 1989). Also common is painful paresthesia, with 
cramping of hands and feet as well as electric shocks. Other 
nerve compressions due to the locality and anatomy of the 
thyroid gland include recurrent laryngeal nerve, sympa-
thetic nerve involvement resulting in Horner’s syndrome, as 
well as bilateral phrenic nerve involvement due to the rare 
situation of marked retrosternal goiter extension. Multifocal 
motor neuropathy has been reported to be associated with 
asymptomatic Hashimoto’s thyroiditis (Toscano, 2002).

Myopathy

Myopathic changes in hypothyroidism are not uncom-
mon. Some of the observed changes include myoedema 
and pseudohypertrophy. The former is thought to be due 
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Figure 72.6 The proposed synergistic effects of thyroid and insulin hormones at the molecular level, regulating the genetic transcrip-
tion of the subunits of Na/K-ATPase pumps.
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to the mounding of muscles after light percussion, and 
occurs in up to one-third of cases. Muscle hypertrophy in 
hypothyroidism is also known as pseudohypertrophy, in 
which the muscle enlargement is predominantly not due 
to muscle fibers. The most common striated muscle prob-
lems in hypothyroidism include pale and swollen muscles 
with loss of normal striations, and separation by mucinous 
deposits. Type I muscle fiber hypertrophy tends to predom-
inate type 2 atrophy that occurs clinically. Repetitive nerve 
stimulation showed both decremental response to low-rate 
nerve stimulation and incremental response to high-rate 
nerve stimulation. Needle electromyographic study reveals 
myopathic motor unit potential. Further studies of skeletal 
muscle changes in hypothyroid are detailed in Chapter 94. 
In subclinical hypothyroidism, there are also significant 
neuromuscular symptoms that respond well to replace-
ment therapy and thus should be sought in clinical practice 

(Monzani et al., 1999). Fibromyalgia is known to be associ-
ated with hypothyroidism. Polymyositis-like syndrome has 
also been reported, but without the true autoimmune syn-
drome (Madariaga et al., 2002). Ocular disorder and neck 
extensor weakness have been reported, but are very rare 
indeed (Lo et al., 2003; Askmark et al., 2000).

Rhabdomyolysis

Rhabdomyolysis is also uncommon and is often exacerbated 
by concomitant medications and other underlying condi-
tions, such as polymyositis (Madariaga et al., 2002). The 
prevalence is unknown, but is less common than TTX. It can 
also cause muscle stiffness and pseudohypertrophy, also know 
as “Hoffman syndrome” and Kocher–Debre–Semelaigne 
 syndrome, respectively (Mastropasqua et al., 2003). A signif-
icant number of cases have mild elevated CK level without 
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Figure 72.7 Comparison and contrast of numerous neuromuscular conditions associated with iodine-induced hyper- and hypo-
thyroidism. These occur at both peripheral and central nervous systems.
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myopathic symptoms. This seems to be stable and nonpro-
gressive, and resolves with treatment, without progress to 
frank rhabdomyolysis (Rando et al., 2004).

Movement disorders

Myoclonus can occur in hypothyroidism. Tendon reflexes 
are slowed with a delay in the recovery phase. In the arche-
typical Achilles reflex, this is commonly referred to as the 
Hangman’s reflex (Miles and Surveyor, 1965). Isolated 
myopathy, such as dropped head syndrome with isolated 
weakness of the splenius capitus muscle, has also been 
described. Ptosis also occurs with myokymia. Ataxia is 
known to occur, but may actually reflect the poorly coor-
dinated muscular activity rather than cerebellar abnormal-
ity (Pinelli et al., 1990).

Higher center considerations

Hypothyroidism can result in depression, pseudodemen-
tia and, in severe cases, myxedema coma. Conversely, 
it can also lead to inappropriate euphoria, depression 
and frank psychosis (Lichtenstein, 1980). Other higher 
center problems include sensorineural deafness, and the 
mechanism is thought to be due to the deposition of gly-
cosamino glycan and bone hypertrophy, but this can be 
difficult to confirm. Severe hypothyroidism can result 
in severe mental retardation (cretinism) in children. 
Grandmal seizure is not uncommon. It is thought to 
be due to the failure to excrete water, resulting in severe 
hyponatremia and occurs in about 25% of cases (Myers 
and Hays, 1975).

Figure 72.7 summarizes all the potential neuromuscular 
conditions associated with hypo- and hyperthyroidism in 
relation to iodine excess.
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Summary Points

l In iodine excess, thyroid dysfunction can ensue, caus-
ing both hypo- and hyperthyroidism.

l Neuromuscular dysfunctions in thyroid disorders are 
more common than often thought, occurring in up to 
70% of cases.

l Where neuromuscular conditions are atypical, thyroid 
dysfunction should be considered and actively sought 
using TSH level as a screening test.

l In hyperthyroidism, the commonest neuromuscular 
dysfunction is proximal myopathy.

l In hypothyroidism, nerve entrapment syndrome is the 
most prominent condition.

l Response to treatment is gratifying as the neuromuscu-
lar deficits readily recover following correction of the 
respective thyroid conditions.
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Abstract

Iodine deficiency (ID) is an important cause of prevent-
able brain damage. The severity and potential irreversibil-
ity of the brain damage are related to the degree of ID and 
the period of life during which the individual was exposed 
to it. Thus, third trimester or early postnatal correction of 
low circulating T4, a measure quite effective in preventing 
most CNS damage in congenital hypothyroidism, does not 
reverse the deficit caused by maternal hypothyroxinemia, 
since most of the consequences become permanent by the 
end of the second trimester. The term “hypothyroxinemia” 
means that whether or not clinical or subclinical hypothy-
roidism are presented, serum free T4 (FT4) values are low 
compared with values usually found at the same stage of 
pregnancy in normal women with an adequate iodine 
intake. This kind of anomaly had created concern in devel-
oped countries, especially in western Europe. Maternal 
hypothyroxinemia induced by an iodine intake that fails to 
meet the increased needs imposed by the fetus, is likely to 
be much more frequent than primary thyroid failure and 
thyroid autoimmune diseases. Recent findings show that up 
to 70% of children with attention deficits and hyperactivity 
disorders have been observed among those born to moth-
ers who had hypothyroxinemia during the first trimester 
of pregnancy. The management of hypothyroxinemia in 
pregnant women should begin with the supplementation 
of insufficient iodine intake. The consumption of iodized 
salt, which has been promoted in some European countries 
for more than two decades, is the most rational approach. 
When restriction of salt is recommended, administration of 
potassium iodine or iodine-containing multivitamin pills 
especially designed for pregnancy should be considered. 
However, when a pregnant woman is diagnosed as having 
hypothyroxinemia, the best way to correct such a condition 
is by the administration of L-thyroxine. Caution is needed 
to avoid excess iodine to the fetal gland.

Abbreviations

CNS Central nervous system
FT4 Free thyroxine

hCG Human chorionic gonadotropin
ID Iodine deficiency
IIH Iodine-induced hyperthyroidism
L-T4 Levothyroxine
T3 Triiodothyronine
T4 Thyroxine
TG Thyroglobulin
TPO Thyroid peroxidase
TSH Thyrotropin
UIC Urine iodine concentration
USI Universal salt iodization

Introduction

Iodine is distributed unevenly in the environment, its 
concentration in ocean water being about 5 g/l. On 
land, the forces of glaciation, erosion and flooding have 
depleted the soil iodine content. Iodine enters the body 
through ingestion of food: fish from the oceans is a good 
source of iodine, and most people living near the coast are 
iodine-sufficient.

A widely held tenet of physiology is that iodine exerts 
almost all its effects through the thyroid. The overwhelm-
ing importance of iodine lies in the fact that it is an essen-
tial component of the thyroid hormones, thyroxine (T4) 
and triiodothyronine (T3), making up 65% and 59%, 
respectively, of their molecular weight. The thyroid plays 
an important role in energy homeostasis, the regulation 
of metabolic activities of cells and growth, especially of 
the brain during the fetal and early postnatal period. The  
consequences of iodine deficiency (ID) have been well 
known for several years (Figure 73.1).

Goiter, hypothyroidism and cretinism are expressions 
of severe ID. It is also well-known that iodine-deficient 
mothers are more likely to have miscarriages and defective 
offspring than their iodine-sufficient peers (Dunn, 1997).

An insufficient supply of thyroid hormones to the devel-
oping brain of the fetus can result in congenital anomalies 
and intellectual impairment. Further, even mild ID that 
does not produce increased concentration of thyrotropin 
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(TSH), can produce these kinds of anomalies (Delange, 
2004).

The World Health Organization declared that ID, after 
starvation, is the single most important cause of prevent-
able brain damage, including different degrees of mental 
retardation and disabling cerebral palsy. The severity and 
potential irreversibility of the brain damage are not only 
related to the degree of ID, but also to the period of life 
during which the individual was exposed to it (Hetzel, 
1983, 1994).

Neurological abnormalities include hearing and speech 
defects, mental deficiency and motor defects (DeLong, 
1989; Halpern et al., 1991); they are clearly related to 
the mother’s ID and her consequent inability to increase 
circulating T4 during pregnancy (Choufoer et al., 1965; 
Halpern, 1994; Boyages, 1994).

The present chapter focuses on the repercussions of mild 
ID and its correction in pregnant women, especially the 
recognition and management of ID during pregnancy, and 
further extends the issue to the diagnosis and treatment of 
hypothyroxinemia during the first third of gestation.

Effect of Early Maternal 
Hypothyroxinemia on CNS 
Development

The importance of the transfer of thyroid hormones 
from the mother to the fetus during the second half of 
pregnancy in humans has received increasing attention 
(Burrow et al., 1994). Recently, it has become evident that 
maternal hypothyroxinemia results not only in the birth of 
children with neurological cretinism, but also in decreased 
mental and psychomotor development of the rest of the 
population without cretinism (Beichrodt and Born, 1994). 

People with neurological cretinism are only born in areas 
of severe ID, but the mental development of the popula-
tion as a whole is also affected by mild and moderate ID 
(Beichrodt and Born, 1994; Delange, 2001). The preven-
tion of both the marked central nervous system (CNS) 
damage seen in people with neurological cretinism and the 
mental retardation of the population requires correction of 
maternal hypothyroxinemia before midgestation (Delange, 
2001), or at the end of the second trimester (Cao et al., 
1994) before the onset of significant fetal thyroid func-
tion. However, third trimester or early postnatal correction 
of the low circulating T4, a measure quite effective in pre-
venting most CNS damage in congenital hypothyroidism, 
does not reverse the deficit caused by maternal hypothy-
roxinemia, since most of the consequences have become 
permanent by the end of the second trimester.

The term “hypothyroxinemia” signifies that, whether or 
not clinical or subclinical hypothyroidism is present, serum 
free T4 values are low compared with values usually found 
at the same stage of pregnancy in normal women with an 
adequate iodine intake (Table 73.1). In this context, it is 
important to realize that ID women are hypothyroxinemic, 
but they are not clinically hypothyroid (Choufoer et al.,  
1965; Hetzel, 1994), since their circulating T3 values are 
normal or even slightly elevated and sufficient to have 
euthyroidism of most tissues and organs. TSH values rarely 
increase above normal in these women (Glinoer, 1997a). 
Indeed, the severity of CNS damage and mental retarda-
tion of the progeny is causally correlated with the degree 
of maternal hypothyroxinemia, and not to changes in T3 
or TSH.

In a study by Pop et al. (1999) performed in the 
Netherlands, a country considered to be free of ID, the 
developmental index of the child was correlated to the first 
trimester free thyroxine (FT4) levels. One out of every two 
women with first trimester FT4 values below the tenth 
percentile had a child with a developmental index more 
than 1 SD below the mean. None of these women were 
clinically or subclinically hypothyroid.

Because of obvious ethical strictures, direct evidence of 
a causal relationship between early maternal hypothyrox-
inemia and mental development can only be obtained in 
animal models. Lucio et al. (1997) and Berbel et al. (2001) 
have shown that neocortical cell migration is defective in 
the progeny of severely hypothyroid rat dams that were 
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Figure 73.1 Iodine exerts almost all its effects through the 
action of the thyroid gland.

Table 73.1 Hypothyroxinemia is diagnosed based on the deter-
mination of serum FT4 values

Serum FT4 values under the tenth percentile for a reference 
 population with normal iodine intake at the same stage of 
 gestation
TSH elevated or in normal range
Serum FT3 in normal range
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treated with methimazole from the 13th week of gestation 
onward. Their findings suggested that early maternal thy-
roid hormone deficiency deranges the migratory pattern of 
cells into the cortex, either directly by decreasing the avail-
ability of the hormones to the developing brain or indi-
rectly through poor placental function caused by maternal 
hypothyroidism. Lavado-Autric et al. (2003) have studied 
cell migration and cytoarchitecture in the somatosen-
sory cortex and hippocampus of 40-day-old progeny of 
iodine-deficient but not hypothyroid rat dams; they found 
a significant proportion of cells at locations that were  
aberrant or inappropriate with respect to their birth date. 
Most of these cells were neurons. The cytoarchitecture 
of the somatosensory cortex and hippocampus was also 
affected, layering was blurred, and in the cortex normal 
barrels were not formed. This finding is the first direct 
evidence of an alteration in fetal brain histogenesis and 
cytoarchitecture that could only be related to early mater-
nal hypothyroxinemia. The results of this important report 
support the theory that the migratory process studied takes 
place before the onset of fetal thyroid hormone secretion 
and can therefore only be related to alteration of maternal, 
but not the fetal thyroid function (Figure 73.2).

In humans, heterotopic cells have been described in the 
neocortex of a therapeutically aborted fetus from an ID 
region (Liu et al., 1984). There are important differences 
in the timing of neocorticogenesis between humans and 
rats, with respect to the stages of pregnancy. In humans, 
neocortical development occurs between the 6th and 
24th week of gestation, with the cortical plate beginning 
to form by the 8th week. The bulk of cortical cell migra-
tion occurs between the 8th and 24th week of gestation, 
namely, before the end of the second trimester (Marín-
Padilla, 1993) and before the onset of fetal thyroid hor-
mone secretion, at mild gestation. Two major waves of cell 
migration in the human neocortex take place during the 

first half of gestation (Kostovic and Rakic, 1990), roughly 
corresponding to the fetal ages studied in rats (Lavado-
Autric et al., 2003). The subtle changes in migration and 
cytoarchitecture described by Lavado-Autric et al. (2003) 
may well be the underlying cause of the decreased mental 
development described in children born in areas of mild 
and moderate ID (Delange, 2001) whose mothers are 
hypothyroxinemic without being hypothyroid.

Maternal hypothyroxinemia is not detected in most 
pregnant women early in pregnancy, since it does not 
 necessarily result in clinical or subclinical hypothyroidism. 
The mother herself may synthesize and secrete enough T4 
and T3 to meet her own needs, but the amount of  
T4 reaching the fetus might not be sufficient for normal 
neurodevelopment.

Pregnant Women with Iodine 
Deficiency in Iodine-Sufficient Areas: 
How Common is Hypothyroxinemia 
in Pregnant Women in Developed 
Countries?

The occurrence of ID in pregnant women in iodine- 
sufficient areas is not uncommon, because a high fre-
quency of pregnancy-related iodine insufficiencies are 
reported from western European populations where 
schoolchildren showed normal or sufficient iodine intake 
(Delange, 2004; García-Mayor et al., 1999; Rodríguez  
et al., 2002; Travers et al., 2006). For this reason infor-
mation on the population’s iodine intake obtained from 
studies in children may not be valid for adult populations, 
especially pregnant women or women of fertile age.

Historically, clinical and experimental work has focused 
on the role of thyroid hormones in postnatal brain devel-
opment. This led to the institution of mandatory neonatal 
screening to rapidly identify and treat infants with con-
genital hypothyroidism (Klein et al., 1991), which occurs 
in approximately 3000–4000 live births.

In a survey of nearly 14000 pregnant women in Japan, 
Belgium and the United States, countries known to have 
normal ID, 0.3%, 2.2%, and 2.5%, respectively, had high 
serum TSH concentrations (Glinoer, 1997a; Klein, 1980). 
Most of these women had subclinical hypothyroidism 
rather than overt hypothyroidism and many had evidence 
of chronic autoimmune thyroiditis. Thus, the frequency  
of hypothyroidism varies among pregnant women in  
different countries. The difference may be explained not 
only by the frequency of autoimmune thyroiditis in the 
countries, but also by other factors such as iodine intake 
(Utiger, 1999).

Maternal hypothyroxinemia, caused by iodine intake 
which fails to meet the increased needs imposed by the 
conceptus, is likely to be much more frequent than primary 
thyroid failure and thyroid autoimmune disease.
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Figure 73.2 T4 plays an important role in the development of 
the CNS. In the first trimester of gestation, T4 comes from the 
mother’s circulation.
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Is it well-known that neurodevelopmental deficits occur 
in areas of severe ID. Recent findings show that even mild 
degrees of ID are potentially adverse for the outcome of 
pregnancy (Glinoer and Delange, 2000; Vitti et al., 2003). 
A 10-year follow-up (Vermiglio et al., 2004) of the prog-
eny of women with mild ID has shown an unusually high 
proportion (70%) of children with attention deficits and 
hyperactivity disorders among those born to mothers who 
had hypothyroxinemia during the first half of pregnancy. 
High frequencies of pregnancy-related iodine insufficien-
cies are reported from western European populations where 
schoolchildren and non-pregnant women have an adequate 
iodine intake (García-Mayor et al., 1999; Rodríguez et al., 
2002; Glinoer, 2004; Barnett et al., 1999).

In Brussels where ID is moderate (grade II), up to 30% 
of women had low first trimester FT4 concentration, 
which is almost 10 times the frequency of elevated TSH 
(Klein et al., 1991), whereas in Madrid where ID is milder 
than in Brussels, the number of women with first trimester 
FT4 levels less than the tenth percentile values for women 
receiving an adequate supplement of iodine was increased 
two-fold (De Santiago et al., 1999). The frequency of 
hypothyroxinemia in pregnant women in western Europe 
is estimated to be 150–200 times more than that of  
congenital hypothyroidism (Zoeller, 2003). The most  
frequent cause of maternal hypothyroxinemia worldwide is 
ID, whether mild or moderate; it is still common among 
European pregnant women (Klein et al., 1991) but also is 
a cause of concern in the United States (Utiger, 1999).

In view of the evidence, which shows a relationship 
between early maternal hypothyroxinemia and poor neurode-
velopment outcome, screening for low FT4 in prenatal or 
early gestation is mandatory.

Diagnosis of Iodine Deficiency and 
Hypothyroxinemia in Pregnant Women

An important consideration is that the risk of iodine dep-
rivation during pregnancy needs to be assessed locally and 
monitored closely over time, because mild-to-moderate 
ID occurs in areas that are not immediately recognized as 
iodine deficient (Glinoer, 1997a).

Another important concept relates to the notion that 
the iodine intake in a given country may vary unexpect-
edly from one area to another.

Iodine sufficiency in pregnant women is established as a 
median of urine iodine concentration (UIC) in the popu-
lation with a value of 200 g/l, substantially higher than 
the 100 g/l recommended in non-pregnant women 
(Table 73.2). In this sense, a recent report by Travers et al. 
(2006) showed that the UIC of the population does not 
reflect other indicators of iodine status, such as neonatal 
TSH values. This raises the question of what is the most 
appropriate indicator for assessing iodine status in the gen-
eral or pregnant population.

ID is a causal factor to explain gestational goitrogenesis 
that affects both mother and progeny. Goiter formation was 
not observed in pregnant women who reside in iodine- 
sufficient regions such as the United States; contrarily, 
several studies from Europe have shown that the thyroid 
volume increases significantly during pregnancy (Glinoer, 
1997b, 1999, 2001). In European regions with sufficient 
iodine intake, changes in thyroid volume are minimal, 
whereas in other European regions with a lower iodine 
intake, the changes were 20–35% on average, and many 
women exhibited a doubling in thyroid size between the 
first trimester and term (Pedersen et al., 1993). Even in 
areas with borderline iodine sufficiency, high rates of 
maternal goiter formation have been reported; changes 
in thyroid volume were positively correlated with changes 
in serum thyroglobulin (TG) values and negatively with  
urinary iodine concentrations (Kung et al., 2000). Hence, 
monitoring of thyroid volume by sensitive echography 
could be a method to diagnose ID in pregnant women; 
however, this method probably does not permit ID diagnosis 
during the first 14 weeks of gestation.

In clinical practice, four biochemical parameters have 
been identified and characterized to represent useful markers  
of enhanced thyroidal stimulation associated with ID  
during an otherwise normal pregnancy. The first marker 
is relative hypothyroxinemia, as previously defined in this 
chapter. The second marker is preferential T3 secretion, 
reflected by an elevated total T3/T4 molar ratio. The third 
parameter is related to the pattern of changes in serum 
TSH (usually remaining within the normal range). After 
the initial transient lowering phase of serum TSH due to 
high human chorionic gonadotropin (hCG) levels in the 
first trimester, serum TSH levels tend to remain stable in 
iodine-sufficient conditions, while they continue to pro-
gressively increase until term in iodine-deficient conditions. 
Serum TSH may reach levels that are twice (or even higher) 
preconception serum TSH levels. The last parameter is 
related to the changes in serum TG. In mild-to-moderate 
ID conditions, serum TG increases progressively during 
gestation so that at delivery, two-thirds of women may 
have supra-normal TG concentrations. It is important 
to emphasize that monitoring serum TG changes during 
pregnancy in iodine-deficient conditions is of particular 

Table 73.2 The determination of UIC indicates 
the state of iodine nutrition of a population, but is 
not a reliable indicator of an individual’s iodine status

Type of population g/l

School children 90
Adults 150
Pregnant women 200
Lactating women 250

Note: UIC  urine iodine concentration.
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clinical value because TG increments correlate well with 
gestational goitrogenesis, and hence constitute a useful 
prognostic marker of goiter formation and its prevention 
by iodine supplementation (Glinoer, 2006). However, it 
is necessary to interpret the changes correctly occurring 
in each parameter as gestation progresses, with a clear 
understanding of the underlying mechanisms that lead 
to an adequate (versus a less than adequate) adjustment 
of the thyroidal economy to the changes associated with 
pregnancy, particularly in conditions with marginal iodine 
restriction and overt deficiency.

Considering that UIC is not a reliable indicator of an 
individual’s iodine status, the determination of iodine 
intake in every population of fertile-age women should be 
established in non-pregnant women.

The determination of FT4 as early as possible dur-
ing the first week of pregnancy can be the best method to 
detect ID in individual pregnant women.

The cut-off points for FT4 values needed to be estab-
lished at different gestational ages. The reference group of 
women should include only women with negative history 
for thyroid diseases, no detectable serum antithyroid anti-
bodies, and a confirmed iodine intake of 200–300 g/l/day. 
Only when these conditions are fulfilled, does a serum FT4 
value lower than the tenth percentile indicate hypothyrox-
inemia. Contrary to the usual findings in patients with 
primary hypothyroidism, in pregnancy low circulating  
T4 is not necessarily accompanied by elevated TSH in  
situations of ID, especially if it is mild or moderate.  
The thyroid gland is able to maintain euthyroidism by 
responding to ID through an intrathyroidal autoregula-
tory mechanism that does not require increased circulating 
TSH, such as increased thyroidal blood flow and thyroid 
volume, increased thyroidal iodine clearance, preferen-
tial thyroidal synthesis and secretion of T3 over T4, and 
increased intrathyroidal half life of iodine-containing 
compounds. The circulating T4 decreases and serum TG 
increases, but TSH is usually normal in both goitrous and 
nongoitrous subjects (Vagenakis et al., 1973). Screening 
for first trimester hypothyroxinemia should not be based 
on serum TSH values, because the maternal thyroid is 
affected by the TSH-like activity of the high levels of 
hCG, and first trimester TSH responses may be blunted at 
this time (Glinoer, 1997a).

Glinoer (1998) proposed that screening at 12 weeks of 
gestation seems reasonable for hypothyroxinemia as well, 
because an earlier prenatal visit is highly unlikely. Blood 
samples would be taken for serum determination of  
FT4, anti-thyroid peroxidase (TPO) and TSH. Screening 
before gestation would probably benefit those women  
presenting with high antibody titers, abnormal values 
of TSH, or hypothyroxinemia, but may well be insuffi-
cient. Our recommendation is to measure the aforemen-
tioned biochemical parameters as soon as possible during 
gestation.

Options to Correct Iodine Deficiency 
and Hypothyroxinemia in Pregnant 
Women

Iodine administration is the obvious solution for correct-
ing ID. In the case of pregnant women it means taking 
preventive action. Several effective means exist, including 
iodization of salt, oil, water and other vehicles, or direct 
administration of iodine. Salt is the preferred prophylactic 
vehicle as it is a dietary necessity; its sources are limited 
and therefore can be controlled. It is the basis for most 
iodization programs in the world. Fortification levels are 
chosen to achieve a mean daily intake of at least 150 g 
iodine per day, calculated from the existing iodine levels in 
the diet and any projected losses between the points of 
iodization and consumption. Hence, optimal concentra-
tions of iodine per kg of salt should be defined for pregnant 
women, bearing in mind recent recommendations for 
reducing salt intake in these women.

The degree of ID should be specifically assessed in each 
area concerned and the local situation correctly evaluated 
before embarking on medical recommendations for ade-
quate iodine supplementation programs.

How much supplemental iodine should be given to pre-
vent its deficiency is a matter of consideration which depends 
primarily on the extent of pre-existing iodine deprivation.

In countries with well-established universal salt iodiza-
tion (USI) programs and iodine sufficiency, pregnancies 
probably are not at risk of iodine deficiency. In countries 
without USI programs and mild ID (most European coun-
tries), supplementation can be achieved with 100–200 g 
of iodine per day given during pregnancy.

Women should ideally have an adequate level of iodine 
(150 g/day) long before conception. Moreover, if sup-
plementation only begins at the first prenatal care visit, 
this critical period may be missed.

What other kinds of supplements should be given? 
Iodine supplements may be given in the form of potas-
sium iodine or iodine-containing multivitamin pills espe-
cially designed for pregnancy purposes. The amount of 
iodine present should be expressed in micrograms. The 
only iodine compounds permitted are potassium iodide, 
potassium iodate, sodium iodide and sodium iodate.

An increased loss of iodine through the kidneys due to an 
increase in the renal clearance of iodine has been described 
in pregnant women. However, this concept is not firmly 
established. We could approximately calculate the amount of 
iodine necessary to correct ID in a determined area based on 
the median of iodine excretion in that area. If we assume that 
about 90% of ingested iodine is excreted in the urine, the 
average daily urine output is 1.5 liters, and the median of UIC 
in that area is 112 g/l. The estimated iodine intake should be 
186 g per day. To achieve the recommended iodine intake 
for pregnant women (250–300 g/day), the iodine supple-
mentation should be 64–114 g of iodine per day.
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A lot of controversy exists at present regarding the use of 
nutritional supplements in pregnancy. In animal husbandry, 
the use of nutritional supplements for reproduction and 
pregnancy is widely recognized. Folic acid and iodine are 
the only two of all nutrients that are contained in foods. 
Recently it has become evident that supplementation with 
specific vitamins, minerals and -3 fatty acids (rather than 
just taking a few separate ones) can have a positive impact 
on maternal health and the long-term health of the baby.

Given these data and the present nutritional content 
of foods and modern lifestyles, maternal consumption of  
multivitamins should be reconsidered (Glenville, 2006; 
Goh et al., 2006).

Exceptions to this recommendation are women with 
known thyroid disease, who should be individually man-
aged to ensure normal thyroid function during pregnancy, 
or women with high iodine intake from other sources.

Iodine supplementation probably begins late in many 
pregnant women (at the first prenatal care visit), missing 
the critical period of fetal brain development. However, 
there is no clinical data so far that supports the effect of 
iodine supplementation on neural development in preg-
nant women from mild iodine-deficient areas in both the 
short- and long-term. These data indicate that continued 
efforts for USI remain a public health priority.

Because most cases of hypothyroxinemia are related to a 
relative ID during pregnancy it can be prevented by iodine 
supplementation. However, we should bear in mind that 
iodine supplementation directed to the correction of 
hypothyroxinemia should be done as early as possible dur-
ing gestation, and that the effect of iodine supplementa-
tion takes time to improve thyroid function. Therefore, 
the best way to treat pregnant women with hypothyroxine-
mia is by administration of levothyroxine. Because of the 
longstanding restriction in dietary iodine before the onset 
of pregnancy, a period of about one trimester is needed 
before the benefits of iodine supplementation in improving  
thyroid function can be observed (Figure 73.3).

The daily requirement of T4 in order to maintain 
euthyroidism in hypothyroid women increases by 10–150% 
during pregnancy, with a median increment of 40–50% 
(Delange, 2004); this represents an additional dose of  
75–100 g T4/day, i.e., 50–100 g iodine.

Undesirable Consequences of  
Iodine Supplementation

The most serious and common complication of salt iodiza-
tion is the development of iodine-induced hyperthyroidism 
(IIH), which affects mainly older people with nodular goiter; 
another possibility is the aggravation or even the induc-
tion of autoimmune thyroiditis. IIH has been reported 
in almost all iodine supplementation programs in coun-
tries with history of severe ID (Stanbury et al., 1998). 
However, IIH can occur following iodine supplementation 
in areas with previous sufficient iodine intake Galofré et al. 
(1994); the authors have reported increased incidence of 
both nodular and Graves’ hyperthyroidism. Also, increased 
iodine intake is associated with increased incidence of thy-
roid autoimmune diseases (Papanastasiou et al., 2000; Zois 
et al., 2003) (Figure 73.4).

Some caution is needed to avoid excess iodine to the 
fetal thyroid, due to iodine supplementation during  
pregnancy. It is well-known that the fetal thyroid is 
extremely sensitive to the inhibitory effects of high iodine 
levels, which can lead to opposite variations in mater-
nal and neonatal thyroid function, facilitating thyroid 
function in the mother but aggravating it in the neonate 
(Pearce, 2006). Therefore, the iodine intake of pregnant 
and breastfeeding women should not exceed 500 g/
day. A recent report by Teng et al. (2006) found that an 
iodine intake of approximately 320–840 g/day resulted 
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Figure 73.3 Prevention by iodine supplementation of food with 
iodine salt. Treatment by levothyroxine administration.
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Figure 73.4 Food supplementation with iodine can produce 
hyperthyroidism, hypothyroidism, or thyroid autoimmune diseases, 
in relationship to the previous state of the thyroid gland.
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in an increased incidence of subclinical hypothyroidism 
and thyroid autoimmunity. These risks may be clinically 
important, because children of women with subclini-
cal gestational hypothyroidism may have neurocognitive 
delays (Haddow et al., 1999).

The progress and achievement of correction of ID glo-
bally should be considered a public health concern. It has 
clearly been shown that the benefits of correcting ID far 
outweigh the risks. However, IIH and other harmful side 
effects can be entirely avoided by adequate and sustained 
quality assurance and monitoring.

All programs of iodine supplementation should moni-
tor the incidence of thyroid dysfunction, especially in the 
most fragile populations such as the older people, in order 
to correct anomalies immediately when they arise.
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Summary Points

l Insufficient iodine intake, even when mild, is dangerous 
for pregnant women.

l Mild degrees of hypothyroxinemia not associated 
with increased serum TSH values in a high percent-
age of pregnant women can cause CNS damage in the 
fetus, expressed as attention deficits and hyperactivity 
disorders.

l Hypothyroxinemia is defined as the serum FT4 values 
lower than the tenth percentile, compared with a refer-
ence value obtained in normal pregnant women with 
normal iodine intake in different stages of gestation.

l Hypothyroxinemia in pregnancy should be diagnosed as 
soon as possible, and is recommended before 12 weeks 
of gestation.

l Prevention of hypothyroxinemia requires correct iodine 
intake. Different approaches exist, such as consumption 
of iodized salt – administration of potassium iodine and 
multivitamin pills containing iodine could also be con-
sidered, especially when restriction of salt consumption 
is recommended.

l Hypothyroxinemia diagnosed during pregnancy 
should be treated immediately with administration of 
levothyroxine.

l Caution is necessary to avoid excess iodine in the fetal 
thyroid.
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Abstract

The International Council for Control of Iodine 
Deficiency Disorders (ICCIDD) consists of a multidis-
ciplinary global expert network of over 700 professionals 
from more than 100 countries with an official relationship 
with the World Health Organization (WHO). This net-
work includes scientists, public health administrators, tech-
nologists, communicators, economists, salt producers and 
other experts, who are committed to assisting national gov-
ernments and international agencies in the development 
of national programs for the elimination of brain damage 
due to iodine deficiency. More than half of them are from 
developing countries. Membership is free and open to 
qualified professionals with an interest in the prevention 
of iodine deficiency disorders (IDD). The ICCIDD has 
provided scientific leadership in a series of meetings with 
the WHO and UNICEF concerned with different techni-
cal aspects of control programs. The ICCIDD publishes a 
quarterly IDD newsletter free of charge.

Abbreviations

AusAID  Australian Agency for International 
Development

CDC Centers for Disease Control (USA)
CIDA  Canadian International Development 

Agency
ESPA European Salt Producer’s Association
IDD Iodine deficiency disorders
ICCIDD  International Council for Control  

of Iodine Deficiency Disorders
MI Micronutrient initiative
NGO Nongovernment organization
PAMM  Program against Micronutrient 

Malnutrition (USA)
SCN Subcommittee on Nutrition
TSH Thyroid-stimulating hormone
UNICEF  United Nations International 

Children’s Emergency Fund

USI Universal salt iodization
USAID  United States Agency for International 

Development
WHA World Health Assembly
WHO World Health Organization

Introduction: Founding of the ICCIDD

The international public health community, including 
the international agencies, needed to be made aware of 
the public health implications of the relationship between 
iodine deficiency and brain damage. The spectrum of the 
effects of iodine deficiency in a population that can be 
prevented by correction of iodine deficiency has been des-
ignated as iodine deficiency disorders (IDD) (see further 
entry in Handbook on Hetzel, B.S., “Iodine Deficiency and 
the Brain– an Overview” is chapter 62 in the Handbook).

A beginning was made with a symposium at the 4th Asian 
Congress of Nutrition in Bangkok (Lancet, 1983), which 
aroused the interest of several prominent nutritionists. An 
invitation was soon extended by the UN Subcommittee on 
Nutrition (SCN) through the Australian Government for  
the preparation of a report on a proposed global program  
for the elimination of brain damage due to iodine deficiency. 
This report, which was later published (Hetzel, 1988), 
included a review of the scientific evidence, a model for a 
national prevention program, and then a proposal to establish 
the International Council for Control of Iodine Deficiency 
Disorders (ICCIDD) as an expert advisory group available 
to agencies and governments. The approval for the establish-
ment of the ICCIDD was given in 1985 by the SCN at its 
meeting in Nairobi (Lancet, 1986).

The ICCIDD was initiated in March 1985 at a sympo-
sium in Delhi at the time of a WHO/UNICEF intercoun-
try meeting. A group of 12 thyroid scientists and public 
health professionals, including WHO and UNICEF repre-
sentatives, agreed to go forward with initial support from the 
Australian Aid Program (AusAID), UNICEF and the WHO. 
The ICCIDD was formally inaugurated in Kathmandu, 
Nepal (March 1986) with messages of support from the 
Director-General of the WHO (Dr. Hafdan Mahler) and  
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the Executive Director of UNICEF (Mr. James Grant) 
(Lancet, 1986).

In 1987, the SCN recognized the ICCIDD as the expert 
group on all aspects of IDD. In 1994, the ICCIDD was 
officially recognized by the WHO as an NGO working 
collaboratively toward the elimination of IDD by the year 
2000 (Hetzel and Pandav, 1996). Since its inception, the 
ICCIDD accepted technical assistance to national pro-
grams as the first priority. This led to a working relationship 
with governments of countries with severe IDD (usually 
ministries of health) and with the leading international 
agencies, the WHO and UNICEF. The 1986 the World 
Health Assembly (WHA) passed a resolution sponsored by 
Australia, which took note of this new aggressive approach 
to the prevention and control of IDD (WHO, 1986).

This was followed by the WHA resolution in 1990 call-
ing for the elimination of IDD, and a resolution in 1996 
calling for the sustainability of the program through sys-
tematic monitoring, both including reference to the role 
of the ICCIDD and its availability to assist countries.

The World Summit for Children (1990) accepted the 
goal of virtual elimination of IDD by the year 2000, which 
provided major political support for country programs.

The ICCIDD Network

The ICCIDD comprises a multidisciplinary global expert 
network of over 700 professionals from more than 100 
countries, involving scientists, public health administra-
tors, technologists, communicators, economists, salt pro-
ducers and other experts, who are committed to assisting 
national governments and international agencies in the 
development of national programs for the elimination of 
IDD. More than half of them are from developing coun-
tries. Membership is free and open to all qualified profes-
sionals who have an interest in the prevention of IDD.

The inaugural meeting took place in Kathmandu, 
Nepal, in March 1986.

A review of all aspects of IDD public health programs 
was carried out, which led to the subsequent publication 
of a book entitled: “The Prevention and Control of Iodine 
Deficiency Disorders” (Hetzel et al., 1987).

A constitution was adopted with subsequent registration 
of the ICCIDD as a nongovernment organization (NGO) 
in Australia with an administrative office in Adelaide, 
Australia. In accordance with the constitution, an executive 
committee was elected, which included a chairman, vice 
chairman, executive director and secretary. In 2001, the 
administrative office was transferred to Ottawa, Canada.

The ICCIDD Founding Office Bearers and Board 
Members are listed in Table 74.1.

The ICCIDD was very fortunate to have Dr. J.B. 
Stanbury and Dr. V. Ramalingaswami as the Chairman 
and the Vice Chairman, respectively. Their international 
reputations for pioneering research on iodine deficiency 

provided an immediate boost to the scientific status of the 
organization in both developed and developing countries.

The ICCIDD has been able to attract the support of 
a substantial group of scientists and public health profes-
sionals with experience of dealing with IDD over nearly 
20 years since its inception in 1985.

The ICCIDD has also had a close working relationship 
with the WHO and the UNICEF.

Notable contributions have been made by former senior 
UNICEF officers, Mr. David Haxton and Prof. Jack Ling.

The position of the Executive Director has been full-
time, the others’ being part-time.

From 1986 to 2001, the ICCIDD Administrative 
Office was that of Dr. Basil S. Hetzel in Adelaide, South 
Australia, who served as Executive Director (1986–1995) 
and then Chairman (1995-2001). He also served as 
Treasurer for this period.

In 1995, Dr. Francois Delange (Belgium) became the 
Executive Director and served until 2001.

In 2001, the office was transferred to Ottawa with the 
appointment of Dr. Peter Walker, Dean of the Faculty of 
Medicine at the University of Ottawa, Ottawa, Canada, 
as Treasurer. The ICCIDD constitution was originally 
drawn up to meet the requirements of an Australian NGO. 

Table 74.1 The ICCIDD Founding Office Bearers and Board 
Members (1986)

The initial “Office Bearers” were:
 Chairman: J.B. Stanbury (USA)
 Vice Chairman: V. Ramalingaswami (India)
 Executive Director: B.S. Hetzel (Australia)
 Secretary: J.T. Dunn (USA)
The following were appointed as Regional Coordinators (following 
the WHO regions)
 African region: O.L. Ekpechi (Nigeria)
 SE Asian region: C.S. Pandav (India)
 American region: E. Pretell (Peru)
 European region: F. Delange (Belgium)
 Western Pacific region: T. Ma (China)
In addition, the Founding Board Members included the following:
 M. Benmiloud (Algeria)
 R. Carriere (UNICEF, Delhi)
 N. Chawla (Consultant to UNICEF, India)
 G. Clugston (WHO, Delhi)
 M.C. de Blanco (Venezuela)
 R. DeLong (USA)
 E. De Maeyer (WHO, Geneva)
 R. Djokomoeljanto (Indonesia)
 M.H. Gabr (Egypt)
 F.P. Kavishe (Tanzania)
 N. Kochupillai (India)
 D. Lantum (Cameroon)
 T.Z. Lu (China)
 M.G.V. Mannar (UNICEF Consultant, India)
 R. Manoff (USA)
 G. Medeiros-Neto (Brazil)
 C. Thilly (Belgium)
 F. Van der Haar (The Netherlands)

Source: Hetzel et al., (2004).
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It has now been modified to meet the requirements of a 
Canadian NGO with the appointment of directors instead 
of board members. The ICCIDD is now registered as a 
Canadian NGO with (in addition) approval as a charita-
ble organization in Canada. The ICCIDD was indebted to  
Mr. Robin Ritchie, QC, Ottawa, for the necessary legal 
advice to make this transfer.

The ICCIDD now has 40 members as the Governing 
Board of Directors, half of them from developing coun-
tries and international agencies. The Board of Directors 
meets annually, usually in conjunction with a regional 
meeting or special workshop.

In March 2001, Prof. Jack Ling (USA) succeeded  
Dr. Hetzel as Chairman, and Dr. John Dunn (USA) suc-
ceeded Dr. Francois Delange as Executive Director. Further 
administrative details are available elsewhere (Hetzel et al., 
2004). In 2006, Professor Gerard Burrow (USA) succeeded 
Professor Ling as Chairman with Prof. Creswell Eastman 
(Australia) as Vice Chairman.

The Activities of the ICCIDD

The work of the ICCIDD has developed at three different 
levels:
1. Global;
2. Regional;
3. National.

Global activities

These are listed in Table 74.2.
At the global level, the ICCIDD has been quite success-

ful in increasing the awareness of IDD as an international 
health problem of major importance within the UN system 
and beyond. It is now recognized by the WHO that iodine 
deficiency is the single most important preventable cause of 
mental defect in the world today, with more than 2 billion 
people from 130 countries at risk (WHO, 1994).

The ICCIDD has provided scientific leadership in a 
series of meetings with the WHO and UNICEF concerned 
with different technical aspects of control programs, such 
as the methods of assessment and the criteria for elimina-
tion (WHO/UNICEF/ICCIDD, 2001). The ICCIDD 
plays a special role in adapting scientific information for 
public health recommendations.

Applied research has been another important activ-
ity, including determination of the optimal dosage level 
(duration and effectiveness) for iodized oil when given by 
mouth, and simplified methods for the determination of 
urinary iodine. These and other such studies have provided 
important guidelines for public health practice.

An International Resource Laboratory for Iodine 
Network (IRLI) was set up in 2004, providing a network 
of 12 laboratories covering the regional needs for quality 
control.

The ICCIDD has collaborated closely with the WHO 
and UNICEF in short-term training programs for coun-
try program managers in technical procedures, such as 
the measurement of thyroid size by ultrasonography and 
laboratory methods for the measurement of urinary iodine 
excretion and blood thyroid-stimulating hormone (TSH).

The ICCIDD maintains a Databank on Country 
Programs, which is continuously updated. It provides mon-
itoring details on progress toward the goal of elimination.

Finally, publications have been very important to the 
creation of an informed group of professionals through-
out the world. These include the IDD Newsletter pub-
lished by the ICCIDD quarterly since 1985, edited by Dr. 
J.T. Dunn from 1985 to 2004, and since then by Dr. M. 
Zimmerman (Switzerland), with a circulation of 4400. It 
has endeavored to provide a unique series of reports on 
IDD at the country level, as well as scientific and technical 
developments.

Regional activities

The ICCIDD has regional coordinators for Africa, 
America, Asia Pacific, South-East Asia, China-East Asia, 
West and Central Europe, Eastern Europe, and Central 
Asia and the Middle East. In Africa, four subregional coor-
dinators are responsible for countries in the West (one each 
for Anglophone and Francophone countries), Central, and 
Southern Eastern regions. Each regional and subregional 
coordinator is a member of the Board of Directors and 
makes an annual report on IDD activities in the region, 
and also takes appropriate initiatives including consultan-
cies to individual countries to promote national programs.

A significant factor in the development of national pro-
grams has been a series of regional meetings held since 
1986 throughout the world by the ICCIDD with the sup-
port of the WHO and UNICEF. These meetings have been 
attended by country representatives from the ministries  
of health and other important sectors, such as the salt 

Table 74.2 Global activities of ICCIDD

Advocacy of the goal of elimination of IDD
Technical advice and consultation to countries
Expert consultative group for UN System (WHO/UNICEF)
Training of professionals
Applied research and development
Global monitoring and progress toward the goal
Publications and IDDa Newsletter
Liaison with the UN and bilateral agencies
Leading agency for national programs
General coordination and administration

Source: Hetzel et al., (2004).
aFor further details about the IDD Newsletter, please 
contact Michael B. Zimmerman, MD, Human Nutrition 
Laboratory, Swiss Federal Institute of Technology, Zurich, 
Switzerland. http://www.iccidd.org

http://www.iccidd.org
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industry and media in relation to national programs. These 
meetings took place in Yaounde (Cameroon 1987), Delhi 
(India 1989), Dar es Salaam (Tanzania 1990), Tashkent 
(former USSR 1991), Brussels (Belgium 1992), Alexandria 
(Egypt 1993), Quito (Ecuador 1994), Dhaka (Bangladesh 
1995), Harare (Zimbabwe 1996), Munich (Germany 
1997) and Beijing (China 1998). More recently, regional 
meetings have been held in Chiang-Rai (Thailand 2003), 
Lima (Peru 2004), Capetown (South Africa 2005), New 
Delhi (India 2006) and Manila (Philippines 2007).

At these earlier meetings, an action wheel model was 
presented to assist the understanding of the social process 
model in a national program (Figure 74.1).

National activities

A series of programmatic indicators have been developed 
WHO/UNICEF/ICCIDD (2001), which provide guid-
ance to countries.

Progress

The WHO/UNICEF/ICCIDD report on progress in the 
elimination of IDD in 1999 indicated remarkable progress 
in that, of the 130 IDD-affected countries, 105 (81%) 
had an intersectoral national body (committee or com-
mission) with responsibility for the program. Other details 
are shown in Table 74.3. Of the 5 billion people living in 
countries with IDD, 68% of them had access to iodized 
salt, compared to an estimated 20% before 1990.

Further details are provided in a comprehensive report 
(Hetzel et al., 2004).

The preferred public health technology on the grounds 
of effectiveness and cost is universal salt iodization (USI). 
This means that all food industry salt for human (and 
animal) consumption should be iodized, which requires 
legislative action. The recommended level is 20–40 mg 
iodine/kg salt (WHO/UNICEF/ICCIDD, 1996). Such 
a measure has been adopted by many countries, includ-
ing the highly populated countries, such as Bangladesh, 
China, India, Indonesia and Nigeria.

Sustainability

The next challenge in relation to the success of USI is the 
issue of sustainability. It is well-known that past success 
has been followed by failure due to a variety of factors: in 
Guatemala and Colombia in South America, it was due 
to political changes and social upheaval; in the former 
USSR countries due to complacency and apathy, together  
with political changes; and in China due to the cul-
tural revolution when public health programs were 
suspended.

More recently, apathy and government failure have been 
identified by the ICCIDD as affecting the success of USI 
in Europe (Vitti et al., 2003).

Experience indicates that the continuing social process 
is essential – the “wheel” must turn if sustainability is to 

Prevalence IDD
urinary iodine

salt iodine

Population at risk
prevalence IDD
salt economy

Community
groundswell

Resource
allocation

Program
education
training

Intersectoral
commission

Health
profession
and public

Evaluate
program

Firstly
assess

situation

Implementation
of program

Achieve
political

will

Communication

Develop or
update plan
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Figure 74.1 Wheel model for IDD Elimination Program. The 
“wheel” model shows the social process involved in a national 
IDD control program. The successful achievement of this process 
requires the establishment of a National IDD Control Commission, 
with complete political and legislative authority to carry it out. The 
“wheel” must keep turning to maintain an effective program. From 
Hetzel and Pandav (1996) and is covered by OUP and the Editors. 
(1996 is 2nd Edition) WHO/UNICEF/ICCIDD (2001) with permission 
from OUP and WHO. Assessment of the situation requires baseline 
IDD prevalence surveys, including measurement of urinary iodine 
levels and an analysis of the salt economy. Communication implies 
dissemination of findings to health professionals and the public, so 
that there is full understanding of the IDD problem and the potential 
benefits of elimination of the most common preventable cause of 
brain damage. Development of a plan of action includes the estab-
lishment of an intersectoral committee or commission on IDD and 
the formulation of a strategy document on achieving the elimination 
of IDD. Achieving political will requires intensive education and lob-
bying of politicians and other opinion leaders. This is achieved by 
community education through the mass media and other means. 
Implementation of program needs the full involvement of the salt 
industry. Special measures, such as negotiations for monitoring and 
quality control of imported iodized salt, are required. It is also neces-
sary to ensure that iodized salt delivery systems reach all affected 
populations, including the neediest. In addition, the establishment of 
cooperatives for small producers, or restructuring to larger units of 
production, may be needed. Implementation will require training at 
all levels in management, salt technology, laboratory methods and 
communication. In addition, a community education campaign is 
required to educate all age groups about the effects of iodine defi-
ciency, with special emphasis on the brain. Monitoring and evalua-
tion require the establishment of an efficient system for the collection 
of relevant scientific data on salt iodine content and urinary iodine 
levels. This requires suitable laboratory facilities.

Table 74.3 Progress in the elimination of IDD

130 IDD-affected countries
105 (81%) have an intersectoral body
102 (78%) have a plan of action for IDD
98 (75%) have legislation in place
(9%) have draft legislation
95 (73%) monitor salt quality
84 (65%) have laboratory facilities for monitoring

Source: WHO/UNICEF/ICCIDD (1999).
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be assured, for which regular data collection of salt iodine 
and urine iodine is essential (Figure 74.1).

The cooperation of the salt industry in providing good-
quality iodized salt is very important to sustain the elimina-
tion of IDD. There are great opportunities for community 
education through the distribution of iodized salt.

Criteria for monitoring progress toward 
sustainable elimination of iodine deficiency  
as a public health problem

The criteria for monitoring progress toward sustainable 
elimination of IDD as a public health problem were origi-
nally determined by a Joint ICCIDD/WHO/UNICEF 
Working Group on Assessment and Monitoring of IDD 
in 1994 and further developed at a subsequent meeting in 
2001 (Table 74.4).

Global network for the sustained elimination  
of iodine deficiency

This global network was established following the Eighth 
World Salt Symposium (2000) in The Hague and sub-
sequently at a Summit of Leaders Meeting in Paris on 
January 10, 2001.

Participants at the Summit agreed to form an interna-
tional network (subsequently called “The Global Network 
for the Sustained Elimination of Iodine Deficiency”) to 
tackle tasks beyond the ongoing agendas of each particular 
organization. The focus of the Network is on global strategy, 
support to national coalitions, analysis of national prob-
lems, collaborative responses to national needs, monitoring 

of global progress, information exchange and networking 
among members, in order to achieve the sustained elimi-
nation of iodine deficiency through USI.

The nominations for Board membership were accepted 
by the UNICEF, the WHO, the Salt Institute (USA), 
ESPA (European Salt Producers Association), ICCIDD, 
Micronutrient Initiative (MI) and Kiwanis International. 
The China National Salt Industry, the Program against 
Micronutrient Malnutrition (PAMM at Emory University) 
and Centers for Disease Control (CDC Atlanta) were later 
accepted as Board members.

The support for the Network has been provided by 
a small permanent secretariat. The Network has been  
particularly concerned with the issue of USI as a special 
challenge to ensure sustainability.

This network was formally launched at the time of the 
UN General Assembly Special Session for Children in 
New York in May 2002. At this time, the new objective 
of elimination of IDD by the year 2005 was accepted by 
the UN.

A special fund (US$15 million) was allocated by the Gates 
Foundation to UNICEF for support of the elimination of 
iodine deficiency through the Global Network. These funds 
are now being directed to country revaluations and other spe-
cial projects within the global program. The ICCIDD has 
been designated as the lead agency for country evaluations 
(Hetzel, 2002).

Conclusion

The global elimination program has made significant 
progress since 1990. The progress can be attributed to the 
following factors (Table 74.5):
i. The definition of the problem of iodine deficiency as a 

readily transmitted concept, with an easy acronym –  
the concept of IDD – referring to all the effects of 
iodine deficiency – with special emphasis on brain 
damage in a population that can be totally prevented 
by correction of iodine deficiency.

ii. The creation of the ICCIDD with the support of the 
WHO and UNICEF, committed to the assistance of 
national programs for the elimination of IDD.

iii. The availability of effective technology suited for 
mass use in large populations – iodized salt has met 

Table 74.4 Epidemiological criteria for assessing iodine nutrition 
based on median urinary iodine concentrations in school-aged 
children

 
Median urinary

 
Iodine intake

Iodine nutrition iodine 
(g/l)

20 Insufficient Severe iodine deficiency
20–49 Insufficient Moderate iodine 

deficiency
50–99 Insufficient Mild iodine deficiency
100–199 Adequate Optimal
200–299 More than adequate Risk of iodine-induced 

hyperthyroidism within 
5–10 years following the 
introduction of iodized 
salt in susceptible 
groups

300 Excessive Risk of adverse 
health consequences 
(iodine-induced 
hyperthyroidism, 
autoimmune thyroid 
diseases)

Source: WHO/UNICEF/ICCIDD (2001).

Table 74.5 Factors contributing to the success of the global 
program

Concept of iodine deficiency disorders (IDD)
The International Council for Control of Iodine Deficiency 
Disorders (ICCIDD)
Universal salt iodization (USI)
Regular monitoring of salt iodine and urine iodine levels
“Wheel” Model – feedback of salt and urine iodine levels
WHO and UNICEF support
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this requirement and the salt industry has become an 
important stakeholder and a cooperative partner.

iv. The availability of simple practical methods for moni-
toring and surveillance – the measurement of salt 
iodine and urine iodine has been made effective for 
use on a large scale with the technical assistance of the 
ICCIDD.

v. The availability of a national program model, (the 
“wheel” model), which can be readily understood and 
implemented and which is driven by regular data on 
salt iodine and urine iodine.

Political support has come through the UN System –  
the World Summit for Children. Funding support has 
been provided by the WHO, UNICEF, the World Bank, 
and the bilateral aid agencies (AusAID, CIDA, the 
Netherlands, Sweden and USAID) with the participation 
of the governments of IDD-affected countries.

Implementation has depended on national organizations 
– both the public and private sectors have been involved. 
This particularly applies to the involvement of the salt 
industry.

The funding provided by Kiwanis International 
(a World Service Club based in the USA) through 
UNICEF has been particularly significant.

The funding support by the governments of IDD-
affected countries has been quantitatively most important. 
This depends on an educated community, which under-
stands the relationship between iodine deficiency and 
brain damage and the opportunity of prevention. It needs 
to be understood that adequate dietary iodine intake is just 
as important as having clean water.

The vision of the ICCIDD was reiterated in the 
Mandate adopted in 2001 (Table 74.6).

Summary Points

l The ICCIDD consists of a multidisciplinary global expert 
network of over 700 professionals from more than 100 
countries with an official relationship with the WHO.

l This network includes scientists, public health admin-
istrators, technologists, communicators, economists, 
salt producers and other experts, who are committed to 
assisting national governments and international agen-
cies in the development of national programs for the 
elimination of brain damage due to iodine deficiency. 
More than half of them are from developing countries.

l The WHO recognizes that iodine deficiency is the single 
most common preventable cause of mental defect in the 
world today, with more than 2 billion people from 130 
countries at risk.

l Membership is free and open to all qualified profession-
als with an interest in the prevention of IDD.

l The ICCIDD has 40 members. In the Governing Board 
of Directors, half of them from developing countries. 
The Board of Directors meets annually, usually in con-
junction with a regional meeting or special workshop.

l The ICCIDD has regional coordinators for Africa, 
America, Asia Pacific, South East Asia, China-East Asia, 
West and Central Europe, Eastern Europe, and Central 
Asia and the Middle East.

l The ICCIDD has provided scientific leadership in a series 
of meetings with the WHO and UNICEF concerned 
with different technical aspects of control programs.

l The ICCIDD publishes a quarterly IDD Newsletter free 
of charge.

l The ICCIDD has played a significant role in the global 
program for the elimination of brain damage due to iodine 
deficiency, in collaboration with the WHO and UNICEF.

l By 2000, 68% of the global population at risk had 
been covered by USI (see further entry under “Iodine 
Deficiency and Brain – an Overview”. It is chapter 62 
in the Handbook).
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Ab�stract

Enhancing food processing technologies to fortify food 
with iodine might be one answer to deal with the cur-
rent problems of dietary inadequacy and deficiencies. The 
success of these technologies is growing, and the overall 
acceptance of fortified food by consumers, the food indus-
try, regulatory agencies and the scientific community is 
on the rise. The primary aim of this review is to present 
a global overview of available innovative technologies for 
iodine fortification. The focus will be on understanding 
the scientific and technical developments to manufacture 
iodine-fortified products for mass production. Various 
food product formats that serve as iodine fortificants were 
identified. Some of the fortification vehicles are aimed at 
communities, where the particular food product is meant to 
be a part of the family pot. To cite an example, government- 
run mass fortification programs use foods consumed on a 
regular basis as vehicles for fortification such as salt, bread, 
flour, etc. Some of the research initiatives have been specifi-
cally targeted at children, by fortifying products like bev-
erages and biscuits, likely to be preferred by a child. The 
food manufacturing industry is actively involved in fortify-
ing processed/semi-processed foods that are targeted toward 
like particular segments of the population. This could be 
a selected range of products meant for specific age groups, 
such as infants or for children and for those with special 
medical issues. A detailed list of marketed fortified foods 
was thoroughly reviewed. It was observed that in the case of 
commercially available food products, the foods are com-
monly fortified with multiple micronutrients, including 
iodine. The efficacy of iodine fortification depends not only 
on the appropriate identification of the vehicle, but also on 
the stability of the salt used for fortification, packaging, 
storage and the methodologies of quality assurance. In this 
respect, the food industry has made significant progress in 
making available to the consumer a variety of iodine-fortified 

foods to help meet daily requirements. This review focuses on 
iodine fortification as seen in various countries, particularly 
in India, the initiatives undertaken by the food industry and 
some bottlenecks in successfully implementing the programs 
in this area.

Abbreviations

DV Daily value
NIN National Institute of Nutrition
RDI Recommended daily intake
RDA Recommended dietary allowance
US IOM United States Institute of Medicine
WHO World Health Organization

Introduction

The three most talked about nutrients that have caused 
many agencies and governments to design national pro-
grams, particularly in the developing world, include iron, 
iodine and vitamin A. The scientific community and 
nutritionists trying to identify novel ways to ensure that 
these nutrients are provided in adequate amounts in the 
diet. Deficiencies of each of them have an adverse effect on 
productivity and can also cause morbidity. In severe cases, 
it impacts mortality, especially in the vulnerable groups 
of pregnant women, infants and children. Significantly 
changing lifestyles have led to the replacement of tradi-
tional diets with processed convenience foods. This revolu-
tion has initiated the process of identification of new and 
novel fortification solutions which has been a constant 
source of challenge to the food industry. The governments 
of various developing countries have recognized the preva-
lence of iodine deficiency and have identified initiatives to 
address this key issue. Salt iodization is an example of a 
successfully implemented initiative.
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The impact and widespread reach of advertising has 
helped consumers to become aware of the importance of 
iodized salt consumption. The Indian government and 
commercial salt manufacturers’ have made concerted 
efforts to propagate messages to consumers on the role of 
iodine in enhancing mental performance through the help 
of mass media.

The daily requirement of iodine can normally be met by 
food sources and partially through water. However, crops 
and plants grown on iodine-deficient soils contain lower 
levels of iodine, and therefore people living in these areas 
are susceptible to iodine deficiency. Comparative iodine 
content of foodstuffs from an iodine-sufficient region in 
the south and iodine-deficient region in the west of India 
is given in Table 75.1. It is possible that the manifestation 
of iodine deficiency is more severe in areas where the soil 
is deficient in both selenium and iodine (Untoro et al., 
1999). These two minerals appear to be synergistic in 
regard to the incidence of goiter.

Vegetarianism and low consumption of seafoods also 
result in lower intake of iodine. The presence of inhibi-
tors of iodine absorption in the staple foods of India com-
pound the problem of dietary inadequacy. Foods such as 
cabbage, turnips, cauliflower, rape seed/mustard seed oils, 
form a significant portion of daily intake of food in many 
communities in India. The thiocyanates or their precur-
sors present in these food stuffs react with iodine, reducing 
its availability. The glycosinolates present in mustard/rape 
seed oils are enzymatically converted to isothiocyanates 
that are power inhibitors of iodine bioavailability. Gbadelo 
and Oyesanya (2005) have reported a positive correlation 
between the prevalence of goiter and cassava consumption 
in southwestern Nigeria. The presence of inhibitors in the 
diet could become a serious issue and a cause of fortified 
foods not being very successful in preventing deficiencies. 
A study conducted in Manipur, an endemic state in east 
India, among school children given iodized salt, showed 
that a considerable percentage of children were still iodine-
deficient. Investigators (Chandra et al., 2006) considered 
consumption of regional foods containing precursors of 

thiocyanate to be the reason for iodine deficiency in these 
children.

This review focuses on iodine fortification as seen in 
various countries, particularly in India, the initiatives 
undertaken by the food industry and some bottlenecks in 
successfully implementing the programs in this area.

Iodine�Fortification�in�Processed�Foods

Food technologists and nutritionists are striving to pro-
vide successful delivery vehicles that will help bridge the 
gap in dietary intake and combat the occurrence of iodine  
deficiencies.

We have tried to identify different food vehicles that 
have been fortified with only iodine or iodine in combi-
nation with other micronutrients. For the purpose of the 
current review, we have looked at fortification in various 
food product formats available globally and not restricted 
to India. Some of these have been extensively researched 
in clinical studies, which included studying the effect of 
nutritional intervention with fortified foods on nutritional 
status or functional outcomes. Within these foods, some 
are targeted for family consumption, while others are spe-
cifically targeted at catering to the iodine requirements 
of children. Based on suggestions compiled in the recent 
World Health Organization (WHO) report, iodine forti-
fication in foods has been discussed under three categories 
as mentioned below.

Mass fortification

In programs for mass fortification (Table 75.2), mostly 
staples have been studied for stability and acceptability 
or efficacy in community trials. The solid formats used 
for fortification include, rice, sugar and seasoning pow-
ders, whereas the liquid formats for fortification include 
fish sauce. Seasoning powder for noodles co-fortified with 
iodine was found to be stable under accelerated storage 
conditions, with no adverse effects on the sensory quality 
of the noodles (Chavasit and Tontisirin, 1998). However, 
the iodine content of fortified parboiled milled rice 
decreased significantly as storage time increased (Tulyathan 
et al., 2007). Multiple micronutrient fortification of fish 
sauce was done in Thailand (Chavasit et al., 2003), the 
shelf life testing revealed that the product remained stable 
during a 3-month storage period and was highly accept-
able when subjected to sensory home-use tests. In a study 
by the National Institute of Nutrition [NIN], Hyderabad, 
India (2003–2004), sugar was fortified with potassium 
iodate (KIO3) at two concentrations, of 15 and 30 ppm 
iodine, either singly or as a co-fortificant with iron. Iodine 
in sugar was found to be stable, in both conditions with 
no discoloration at the end of 12 months. A major deter-
rent in using water for fortification is the stability of 
iodine, which imparts color. However, a new approach 

Table�75.1� Comparative iodine content in foods from two zones 
in India (mg per 100 g of dry matter)

Food sample
Hyderabad 
(nonendemic area) Jaipur (endemic area)

Rice, milled 36–48 3.8–15.3
Maize 32–34 6.0–15.0
Amaranth seeds 73–86 6.4
Soybean 49 4.4
Black gram 48 6.0–28.2
Amaranth leaves 138–170 8.2–36
Cucumber 36 28.2

Source: Kapil et al., (2004).
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Table�75.2� Range of iodine fortified products for mass consumption

Fortification 
vehicle/country/author Serve size

Iodine/
micronutrient  iodine

Level of iodine per serve  
or per 100 g or as % RDA Salt used

Instant noodles  
seasoning powder,  
Thailand (Chavasit and  
Tontisirin, 1998)

20 mg premix per  
package noodles

Iodine  iron  vitamin A 50 mg of iodine/serve [1/3rd  
Thai RDI (150 mg)]

KI

Parboiled milled brown  
rice, Thailand (Tulyathan  
et al., 2007)

100 g Iodine only 96 mg iodine/100 g of rice,  
100 g fortified parboiled  
rice daily meets about 60%  
Thai RDA

KIO3 or KI or  
KI  KIO3

Sugar, India NIN Annual  
Report (2003–2004)

– Iodine only, iodine  iron  
double fortified

Two concentrations of 15  
and 30 ppm iodine as a  
single source and as  
double fortified at 30 ppm

KIO3

Brick Tea, Tibet and west 
China (Lofti et al., 1996)

– Iodine only – –

Fish sauce, Thailand  
(Chavasit et al., 2003)

15 ml Iodine  iron 50 mg iodine per serve  
of fish sauce, 1/3rd Thai  
recommended dietary  
intake per serving  
(150 mcg)

–

Water, Mali, west Africa  
(Fisch et al., 1993)

– Iodine only 100 mg iodine/liter NaI

Margarine, Philippines  
(Capanzana et al., 2005)

30 g or 2  
tablespoon

Iodine, vitamin A, vitamin  
B1, iron, omega-3 and  
6 fatty acids

50 mg iodine per serve –

Note: Potassium iodide (KI); potassium iodate (KIO3); sodium iodide (NaI); recommended dietary allowance (RDA); recommended daily 
intake (RDI); parts per million (ppm).

Table�75.3� Range of iodine fortified products targeted at selected age group

Fortification 
vehicle/country/author

Age group 
(years) Serve size

Iodine/multiple 
micronutrient

Level of iodine per 
serve or per 100 g 
or as % RDA Salt used

Biscuits, South Africa  
(Stuijvenberg et al.,  
1999)

6–11 45 g (three biscuits  
of 15 g each)

Iodine  iron   
vitamin A

95.4 mg iodine/ 
serve, 80%  
RDI/serve

KIO3

Cold drink, South Africa 
(Stuijvenberg et al.,  
1999)

6–11 150 ml Iodine  vitamin C 39.0 mg iodine/ 
serve, 33%  
RDI/serve

KIO3

Seasoning powder  
added to school lunch, 
Thailand (Winichagoon  
et al., 2006)

9 50 mg as potassium 
iodide consumed 
once a day for 31  
weeks

Iodine  iron  vitamin 
A  zinc

50 mg iodine/serve,  
40% RDI per  
serve

KI

Beverage powder,  
Botswana (Abrams  
et al., 2003)

6–11 240 ml  
reconstituted drink 
consumed for 8  
weeks

Iodine  micronutrients 60 mg KI/serve,  
50% RDA per  
serve

KI

Beverage powder,  
Tanzania (Lantham  
et al., 2003)

6–11  25 g once daily for  
6 months (powder  
to be reconstituted  
with 250 ml water)

Iodine  micronutrients 45 mg iodine/ 
serve (25 g), 37%  
RDI/serve

Not known

Beverage powder,  
Philippines (Solon  
et al., 2003)

9–10 25 g powder for 16  
weeks

Iodine  micronutrients 48  mg iodine/25 g,  
40% RDI/serve

Not known

Powdered fruit drink,  
Tanzania (Latham  
et al., 2003)

Pregnant  
women:  
25 years

Two sachets (50 g)/ 
day for 8 weeks

Iodine  micronutrients 90  mg iodine/serve Not known
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to fortification, with the controlled diffusion of iodine 
into water from a silicon elastomer (sodium iodide, NaI), 
showed an increase in urinary iodine levels with a decrease 
in incidence of goiter in the treated population (Fisch  
et al., 1993).

Targeted fortification

Understandably, biscuits and beverages (Table 75.3), the 
two most commonly preferred foods of children, are cho-
sen for fortification. Some of the products have been used 
as intervention products in studies with children. There 
are multiple micronutrient-fortified products B shown to 
have a beneficial effect on nutritional status, anthropomet-
ric measures and cognition in school-age children (Abrams 
et al., 2003; Lantham et al., 2003).

The recommended daily intake (RDI) for iodine by the 
WHO (2004) and United States Institute of Medicine (US 
IOM), for preschool children (90 mcg), school-age chil-
dren up to 12 years (120 mcg), older children and adults 
(150 mcg) is in the same range. The fortification levels are 
determined as a percentage of the daily requirement in a 
single or daily serve. In a single serve, the nutritional sup-
plement can provide anywhere between one-third to half 
the daily requirement of iodine for children. Fortified 
foods which are to be consumed as such or require mini-
mum reconstitution, provide an opportunity to include 
known or measured amount of iodine in the diet.

Commercially available products

A detailed compilation of (Table 75.4–75.10) several other 
food products used as vehicles for iodine fortification in  

different countries follows. An interesting observation 
is that, other than salt, all other processed convenience 
foods are fortified with multiple micronutrients includ-
ing iodine. For foods targeted at infants and growing 
children, the benefit attributed to the presence of iodine 
is for mental development, along with other fortificants. 
For example, a health food powder beverage claims on 
the pack “with MIND-ENHANCERS for better men-
tal performance,” where iodine is identified as the sec-
ond nutrient important for proper mental functioning 
[Ovaltine Power (Associated British Foods)]. A comple-
mentary food for infants has a claim that it “contains 
more iodine than any other toddler milk” and it delivers 
50% of the RDA for iodine [http://www.nurturebaby.
co.nz (Heinz)].

Most of the products use potassium iodide, especially in 
solid formats like powders, pasta and bars. Few powders 
like Complan Shake (Heinz), Protinex and Mama Protinex 
(Wockhardt) are fortified with potassium iodate and only 
Enfagrow (Mead Johnson) was found to be fortified with 
sodium iodide (the source of information provided in this 
review is the product label or the Internet).

Fascinatingly, a wide array of products fortified with 
iodine are now commercially available in the market. 
This reflects the advancements in being able to design a  
consumer-preferred product with an additional advantage 
of fortification. So, not only are traditional milk-based 
formulas for infants and milk-based beverage powders for 
growing children fortified, but also a range of soy-based 
products or cereal (rice or wheat) based products in the 
form of biscuits, bars and pastas.

One of the identified risks of consuming multiple  
commercial foods with fortification could be the risk of 

Table�75.4� Infant milk substitute powders and complementary foods

Product (company), country Base/key ingredients
Serve size 
(g)

Level of iodine/serve 
or/100 g or as % DV

Powder

Lactogen 1 (upto 6 months) (Nestle), India Milk solids, maltodextrin, 
edible vegetable oils (corn and 
soyabean)

32 74 mg/100 g

Farex (Wockhardt), India Milk solids, wheat flour, sugar 25 75 mg/100 g

Baby’s Only Pediatric Toddler Formula for over 12 
months (Nature’s one)

Organic brown rice syrup, soy 
protein concentrate

17 10% DV

Nurture Gold Toddler for 1–3 years (Heinz), New 
Zealand

– 36 35 mg/serve or 50% RDI

Nutrakids Baby Cereal Step 2 for 6 
months  (Royal Numico Dumex), Singapore

Skimmed milk, rice flakes 38 72 mg/100 g

Infant Cereal Prebio 4 for 4–6 months old (Nestle), 
Malaysia

Wheat flour, skimmed milk 
powder, sucrose

40 35 mg/100 g

Enfagrow A for 1–3 year old (Mead Johnson 
Nutritionals), Thailand/Malaysia

– 41.6 27 mg/100 g

Note: Daily value (DV) based on 2000 kcal diet.

http://www.nurturebaby.co.nz
http://www.nurturebaby.co.nz
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Table�75.5� Products for children above 2 years

Product (company), country Base
Serve  
size

Level per serve or per 
100 g or as % RDA

Liquid Format
Nutren Junior (Nestle), Canada Milk protein concentrate/whey protein 

concentrate
250 ml 12 mcg per l00 ml

 Pediasure ready to use liquid for 1–10 
years (Abbott), USA

Sucrose, sodium caseinate, high oleic acid 
safflower oil

237 ml 23 mg/serve

Amaze Brain Food RTD (Unilever), Turkey – 200 ml 33.3 mg/serve
 Carnation Instant Breakfast Junior  
(Nestle)

Nonfat milk 250 ml 63 mcg/serve or 52% 
NAS-NRC RDA

Powder format
Ovaltine Power, chocolate variant 
(Associated British Foods, UK), India

Sugar, malt extract, glucose, milk solids 15 g 236 mcg/100 g

Horlicks (GSK), India Wheat flour, malt extract, malted barley, milk 
solids

27 g 139 mcg/serve

Junior Horlicks (GSK), India Milk solids, sugar, wheat flour, malted barley 30 g 75 mcg/100 g
Complan (Heinz), India Milk solids, sugar, maltodextrin 33 g 110 mcg/100 g
Kids-Pro (British Biologicals), India Nonfat milk solids, whole milk powder, 

sucrose, whey protein concentrate
30 g 25 mcg/100 g

 Pediasure complete (Abbott) 2–10 years, 
India

Sucrose, hydrolyzed corn starch, high oleic 
sunflower oil

45.7 g 47.3 mcg/100 g

 Dugro 3 Plus for 3–6 year old (Dumex), 
Malaysia

– 40 g 95 mcg/100 g

 Dugro 6 plus for 6 year old and above 
(Dumex), Malaysia

– 38 g 120 mcg/100 g

 Sustagen School 6 (Mead Johnson 
Nutritionals), Philippines/Indonesia

Whole milk powder, sucrose, skim milk 
powder

40 g 33 mcg/serve

Note: National Academy of Science/National Research Council RDA (NRC RDA).

Table75.6� Products for adults

Product (company), country Base Serve size
Level per serve or per 
100 g or as % RDI

Liquid format
 Carnation Instant ready-to-drink (Nestle) Nonfat milk, milk protein 315 ml 45 mcg/serve or 30% RDI
 Slim-fast vanilla shake (Slim Fast Foods 
Limited), UK

Skimmed milk, water, sucrose 325 ml 52 mcg/serve or 35% 
RDA

 Rice & Soy Beverage (Eden Blend, 
Organic), USA

Organic amazake (organic short 
grain brown rice, water, koji-
aspergillus oryzae), organic soybeans

8 fl. Oz (240 ml) 15% DV/serve

Powder format
Horlicks Lite (GSK), India Wheat flour, milk solids, malted 

barley, maltodextrin
25 g 50% RDA

Nurture (Wander Pvt. Ltd.), India Skimmed milk, sucrose, cocoa 
powder, whole milk powder

15 g 183 mcg/100 g

Nutriprot (Wockhardt), India Whey protein concentrate, sucrose, 
nonfat milk solids

40 g 37.25 mcg/serve

 Carnation Instant breakfast powder 
(Nestle), USA

Nonfat dry milk, sugar, maltodextrin 36 g 2% DV

Omega plus (Nestle), Philippines Nonfat milk solid 31 g 150 mg/100 g
Anlene (Fonterra), Malaysia Skimmed milk powder 25 g 89 mg/100 g

Note: DV based on 2000  kcal diet.

over consumption of micronutrients/iodine, as the portion 
size cannot be controlled. However, there is less likelihood 
of consumption of toxic levels of iodine since the toxic  

symptoms appear at a level of consumption 20 times the 
RDA (1100 mg/day is the safe upper limit for iodine by the  
US Food and Nutrition Board).
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Table�75.7� Products for women

Product (company), country Base Serve size Level per serve or per 100 g

Powder format
 Protinex Eva – for older women  
(Wockhardt), India

Skimmed milk powder, sucrose, soy 
protein isolate, wheat flour

25 g 150 mcg/100 g

Mothers Horlicks (GSK), India Milk solids, malt extract, wheat flour 25 g 145 mcg/75 g
PROPL – for pregnant and lactating 
women (British Biologicals), India

Sucrose, sweet dairy whey, soy protein 
isolate

30 g 294 mcg/100 g

Protinex Mama for pregnant and lactating 
women (Wockhardt), India

Soy protein isolate, sucrose, skimmed 
milk powder

25 g 88 mcg/100 g

Spert Mom for pregnant and lactating 
women (Novartis), India

Skimmed milk powder, whey protein 
concentrate, sugar

15 g 200 mcg/100 g

Table�75.8� Sports drinks

Product/country Base Serve size Level per serve or per 100 g or as % RDA

Liquid and powder format

 Muscle Milk RTD and powder 
(Cytosport), USA

Peptide and amino acid 330 ml 35 mcg/serve or 23% DV

75 g for powder 33% DV

Note: DV based on 2000  kcal diet.

Table�75.9� Convenience foods

Product (company), country Base Serve size
Level per serve or per 100 g 
or as % RDA

Complan Crunch timers biscuits (Heinz), 
India

Wheat flour, sugar, edible vegetable 
fats, milk protein, skimmed milk powder

– 72 mcg/100 g

Amaze Bites (Unilever), Turkey – 32 g 33.3 g/serve

Vermicelli Dolphin plus Bihon (Eagle 
Mutipurpose Co-operative, Inc.), 
Philippines

Noodles 160–170 g 
cooked

40 mg iodine/serve or 1/3rd 
RDA for Filippino adult

Power bar Pria-110 plus chocolate peanut 
crunch, for women (Nestle), Australia

Brown rice syrup, soy protein isolate 1 bar 15% DV

Clif Bar Nutrition Bars (Clif), Canada Organic brown rice syrup, soy rice 
crisps

48 g 15% DV (22.5 mcg*)

THINK-THIN chocolate fudge bars, USA Protein blend (calcium caseinate, whey 
protein isolate, soy protein isolate), 
glycerin, maltitol syrup

1 bar 25% DV

Nesvita’s 3 in 1 Cereal Drink (Nestle), 
Malaysia

Skimmed milk powder, whole wheat, 
sucrose, Rice

28 g 44 mg/100 g

Note: DV based on 2000 kcal diet.

Forms�of�Iodine�for�Fortification�and�
Issues�in�Fortification

Iodine fortification and keeping iodine stable in the food 
matrix has always been challenging for food and beverage 
formulation. These challenges include:

l Choosing the suitable salt form (iodide, iodate, or any 
other iodine compound) for fortification.

l Interaction of the iodine salt with the ingredients and 
impact on taste and color of the final product.

l Manufacturing technology and the type of packag-
ing. Stability during processing to withstand prolonged 
cooking/processing time and temperatures.

l Temperature and humidity. Manufacturing companies 
use various ANTI caking agents to protect iodine salt 
from moisture.

l Identifying reliable and reproducible analytical tech-
niques to analyze iodine in the food. These will help in 
analyzing and maintaining quality control of iodine lev-
els in various food product formats.
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l Assigning appropriate shelf life of the food product 
when marketed in tropical countries.

l Composition of the salt premix. Presence of iron, zinc  
and copper salts in the same premix reduces efficacy of 
iodine. The presence of an oxidizing agent such as vitamin 
A palmitate would help in protecting iodine in I form.

The limited iodine salts available for use in food and 
beverages are potassium/sodium iodide, potassium/sodium 
iodate, or calcium iodide/iodate. Potassium iodide/iodate 
is the most widely used iodine salt in food and beverage 
formulations. Calcium salts are becoming less popular 
in food fortification because of their poor solubility and 
lower iodine content.

Iodide is the compound in which iodine is present in 
the –1 oxidation state and which is easily absorbed from 
the gastrointestinal tract and distributed to extracellular 
water in the human body. It is also in this form that it is 
pushed into the cells of the thyroid gland. Once inside 
the cell, it is activated by iodine peroxidase for the even-
tual synthesis of thyroxin. Since iodine is easily oxidized to 
elemental iodine, use of this form of iodine in foods could 
result in a change of color and affect organoleptic proper-
ties. The other commonly used form of iodine for fortifi-
cation purposes is iodate, a form in which the element is 
present in the 5 oxidation state. While this form is stable 
in various foods and is bioavailable (after being reduced to 

the 1 oxidation state), it can interact with reducing ions 
such as ferrous iron, making the latter less bioavailable.

The addition of calcium carbonate has been shown to 
reduce iodine loss on storage (Arroyave et al., 1956). Since 
this chemical is available at a low cost, it would be interest-
ing to study its role in different foods.

Encapsulation of the salt (iodide or iodate) could be 
one way to impart better stability to iodine without affect-
ing the bioavailability of other nutrients. Hindustan Lever 
Limited in India has developed a technology (Indian pat-
ent no. 22465) that encapsulates iodine in a manner that 
not only prevents its loss during storage and transporta-
tion, but also during cooking.

A new approach to combating iodine deficiency 
through controlled release of iodide by a silicone elastomer 
has been reported (Fisch et al., 1993). Silicone elastomers 
or silicone rubbers made from cross linked polymers are 
reinforced with silica. Silicones, being chemically inert, are 
safe and stable over a wide range of temperatures and have 
a high permeability to small molecules. Sodium iodide, 
being a small molecule, can be intercalated into the sili-
cone matrix from where iodine is released in a controlled 
manner when water is passed through it.

In animal studies, different iodized compounds have 
reportedly been tried as sources of iodine. These include 
iodinated milk proteins and amino acids, which are 
reported to be somewhat bioavailable and stable. US 

Table�75.10� Foods for special medical conditions

Product (company) Base Serve size
Level per serve or per 100 g or 
as % RDA

Liquid format – complete nutrition products meeting up to 100% RDA of nutrients in a daily serving
CRUCIAL (Nestle), USA Casein, water, maltodextrin 250 ml 40 mcg per serve or 106% RDI
 F.A.A. (Free of Amino acids)  
(Nestle), USA

Water, maltodextrin, crystalline 
l-amino acids, contains less than 2% of 
cornstarch, soybean oil

250 ml 37.5 mcg per serve/100% RDI

Nutren 1.0 (Nestle), USA Water, maltodextrin, calcium-potassium 
caseinate

250 ml 25 mcg/serve or 66%RDI

 Peptamen – complete peptide- 
based elemental nutrition for those 
with impaired gastrointestinal function 
(Nestle), USA

Water, maltodextrin, whey peptides 250 ml 37 mcg per serve or 98% RDI

Powder format
 Ensure powder, chocolate variant 
(Abbott), India

Corn syrup, calcium caseinate 59 g 32 mcg/100 g

Nutren 1.0 (Nestle), India Maltodextrin, corn syrup, whey protein 55 g 46 mcg/100gm
Protinex vanilla (Wockhardt), India Skimmed milk powder, sucrose, soy 

protein isolate
25 g 18 mcg/serve or 

73 mcg/100gm
Resource Vanilla (Novartis), India Maltodextrin, sucrose, edible vegetable 

oil, casein, soy protein isolate
56 g 19 mcg/serve

Resource Diabetic (Novartis), India Maltodextrin, casein, vegetable oil, soy 
protein isolate

22 g 7.6 mcg/serve

 Protinex Diabetes (Wockhardt), India Skimmed milk powder, maltodextrin, 
whey protein concentrate

25 g 150 mcg/100 g

Nutren Diabetes (Nestle), India Tapioca dextrin, high oleic acid 
sunflower oil, whey protein

56 g 45 mcg/100 g
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Patent Number 6689404 issued on February 10, 2004 
describes an agent for regulating iodine exchange or for 
preventing iodine deficiency. The product is claimed to be 
safe and does not have any impact on the color or orga-
noleptic properties of the foods to which it is added.

Loss of iodine under different cooking conditions has 
been studied. The extent of losses varies depending on, 
among other things, the duration of cooking, presence 
of interfering factors in the preparation, and the pH of 
the medium. A study conducted at Terai, North India, 
revealed that as much as 70% of the added iodine was lost 
on cooking (Verma and Raghuvanshi, 2001).

The high solubility of potassium iodate enables dis-
persion into the solution quickly, and at the same time 
renders the salt comparatively less stable than iodate, espe-
cially in acidic pH. The salt also tends to disintegrate in 
the presence of moisture or with interaction with reducing 
salts such as ferrous and zinc sulfate in the formulation.

An iodine salt (iodate/iodide) is more stable in a dry 
matrix, be it a solid or powder media, as compared to water 
or a ready-to-drink/high acid beverage. In liquid media, 
the iodide salt tends to react with the other ingredients, for 
which overages are added to compensate for the losses. For 
example, in a fruit-based liquid beverage, the salt would 
need to be protected with stabilizing agents before being 
added to the product. In alkaline or neutral media such as 
a milk beverage the iodine salts are more stable and chances 
of free iodine are less. In baked foods, like biscuits and 
cookies there is decomposition of the salt due to heat and 
free iodine could change the taste of the product.

Summary Points

l Iodine deficiency has been recognized as being very 
critical, particularly in growing children for physical 
and mental development. Farming in iodine-deficient 
soils, the presence of goitrogenic compounds in the 
diet, and lack of awareness of the use of iodized salt are 
some of the reasons for the prevalence of this malady. 
Various federal governments have taken several meas-
ures in addressing this issue by disseminating informa-
tion through popular media and encouraging industry 
and research institutions.

l The major challenges faced by the industry, in terms of 
identifying the right vehicle for fortification, establish-
ing the optimum conditions of delivery of iodine, and 
marketing them, are discussed. There is a wide range 
of fortified foods that are commercially available. These 
products are designed for people of different ages and 
varying physiological conditions. The nutrition label 
declares iodine either as a percentage of RDA in a serve 
or delivery per 100 g.

l Potassium iodide is the most common form of iodine 
used for fortification. In the case of community  

programs, any success of the fortification program 
would largely depend on the cost of production, reach 
of the products to the target group, awareness of the 
importance of fortification, and monitoring the effec-
tiveness of the programs in alleviating the deficiency 
problems. The latter aspect should be studied at regular 
intervals and if needed, changes in the execution of the 
program should be implemented. The government and 
the industry should partner in attempting to alleviate 
the problem of deficiency using novel salts and fortifi-
cation approaches.

l Several fortification programs focus on the addition of 
the nutrient to the food and the stability under storage 
conditions, but not on the bioavailability. Considering 
that multiple micronutrient deficiencies coexist, for-
tification programs should also be aligned to provide 
solutions with multinutrient fortificants. The issues can 
only be dealt with if there is a concerted effort on the 
part of the industry, research establishments and the 
government.
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Abstract

Many molecules of biological, diagnostic, or pharmaceuti-
cal interest are labeled with 123I to assess metabolism and 
receptor function. Indeed, this isotope of iodine, routinely 
available and with suitable nuclear properties (e.g., emis-
sion and half life), allows good imaging with gamma cam-
eras without significantly altering the physico-chemical 
and biological properties of the original molecule, when 
carefully labeled (taking into account the iodine atom’s 
physico-chemical properties). The various iodinating 
agents employed and labeling techniques with 123I, from 
simple isotopic exchange to the use of prosthetic groups, 
are reviewed here, with emphasis on their respective advan-
tages and disadvantages. Stability and quality control are 
also discussed. Finally, some examples of important radio-
iodinated compounds – small organic molecules and mac-
romolecules (peptides, antibodies, cytokines) – and their 
use in a clinical setting, with a focus on current tumor and 
brain imaging, are also presented.

Abbreviations

Ar Aromatic ring
Bq  Becquerel (one disintegration per 

second)
EC Conversion electron
DAT Dopamine transporter
DMF Dimethylformamide
DNA Deoxyribonucleic acid
ε0 Oxidation potential
Hdis (X–X)  Enthalpy of dissociation of the X–X 

bond (X  halogen atom)
Hdis (X–H)  Enthalpy of dissociation of the X–H 

bond (X  halogen atom)
Hhyd (X)  Enthalpy of hydration of the 

halide ion

LDL Low-density lipoprotein
OTs Tosylate ( p-toluenesulfonate)
SE1 Unimolecular electrophilic substitution
SE2 Bimolecular electrophilic substitution
SEAr Aromatic electrophilic substitution
SEi  Intramolecular electrophilic 

substitution
SN1 Unimolecular nucleophilic substitution
SN2 Bimolecular nucleophilic substitution
SNAr Aromatic nucleophilic substitution
SPECT  Single-photon emission computed 

tomography
SSRIs Selective serotonin reuptake inhibitors
TFA  Triflic acid (trifluoromethanesulfonic 

acid)
UV Ultraviolet

Introduction

All radiohalogens are widely used as tracers in biology –  
from fluorine to astatine. Among them, iodine has a prom-
inent position with several of its isotopes having a wide 
range of applications, from immunoassays (125I) to radio-
therapy (131I). 123I, a pure gamma emitter, has created par-
ticular interest in diagnostic imaging, as can be seen from 
the vast amount of literature dedicated to it (Apparu and 
Madelmont, 1998; Bourguignon et al., 1997; Mazière and 
Loc’h, 2001; Stöcklin, 1977).

Ideally, the best approach for preparing a radiotracer is 
to replace one atom of the target molecule with one of its 
radioactive isotopes. When this is not possible, labeling it 
with radioiodine, and particularly 123I, is generally a suit-
able alternative. Indeed, some radioiodinated compounds 
have already found applications in clinical settings.

In this chapter, we will deal with the various available 
labeling techniques using 123I and the applications of some 
of the compounds obtained.
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Criteria for the Choice of 123-Iodine

Physico-chemical properties

123I is a gamma-emitter (159 keV, 83%) and an X-emitter  
(27 keV, 71%), with a half life of 13.2 h. It decays with the 
emission of conversion electrons (ECs). Due to its nuclear 
properties and the maximal sensitivity of usual gamma-
cameras (100–300 keV), it is the only radionuclide that 
can compete with 99mTc, the radiotracer of choice for  
single-photon emission computed tomography (SPECT).

Introduction of a halogen atom, usually by substitution 
of a hydrogen atom on a molecule, can modify its physico- 
chemical and hence biological properties. In the first 
approximation, this can be attributed to steric effect and 
electronic density.

Steric effect depends on the molecule size. It will be 
more marked on small molecules than on antibodies. 
The van der Waals radius enables the evaluation of inter-
molecular steric interactions. There is no wide variation in 
the halogen series (cf. Table 76.1); it is 120 pm for hydro-
gen and 200 pm for a methyl group. Accordingly, there is 
no major influence of iodine (215 pm) labeling, if iodine 
concentration is limited (one iodine atom per molecule) 
and its fixation is not on or near the active site.

The halogen partial negative charge when bound to 
carbon plays a more important role. It results in an elec-
tronic field around the halogen, which is responsible for 
molecular interactions. Due to electronegativity and 
atomic radius variations (Table 76.1), the electronic density 
decreases from fluorine to astatine, and so does the field 
intensity near the atom. These field differences affect the 
intermolecular hydrogen–halogen interactions. They can 
be evaluated from the dissociation energies of X–H bonds 

and hydration enthalpies of halide ions (Table 76.1). It 
can be concluded that these interactions are strong with 
fluorine and weak with iodine. Therefore, in aqueous 
media, e.g., in vivo, fluorine is hydrated and constitutes 
a hydrophilic center, while iodine is not and constitutes a 
hydrophobic center. In fact, the exchange of a hydrogen 
atom by an iodine atom can increase the lipophilicity of 
the molecule 20-fold, the actual value depending on the 
environment and the position of the iodine atom on the 
molecule.

Owing to the increase in lipophilicity, change of elec-
tronic density, as well as a change of the torsion angle 
(steric hindrance), incorporation of a voluminous iodine 
atom can thus considerably change the pharmacologi-
cal behavior of the original molecule, which can impede 
accurate imaging. To circumvent this, labeling with 123I 
should be done on a hydrophobic part and far from 
the active site. For instance, fatty acids, used for myo-
cardial perfusion imaging, are radioiodinated at the 
-position of the hydrocarbon chain. On the contrary, 
fluorine-18 will be fixed on hydrophilic sites, as is the case with  
d-glucose.

Production

123I is commercially available and widely used as the most 
suitable cyclotron-produced radionuclide for SPECT 
(Legoux et al., 1985). Four routes of production are used, 
while about 25 have been suggested and investigated 
(Qaim and Stöcklin, 1983). The major nuclear reaction 
used in most countries is 124Xe(p,2n)123I, with a 99.9% 
enriched gas target, which enables an extremely high 

Table 76.1 Some physico-chemical properties of halogens in comparison with hydrogen

H F Cl Br I Ata

Atomic number 1 9 17 35 53 85
Electronic configuration 1s1 [He]2s22p5 [Ne]3s23p5 [Ar]3d104s24p5 [Kr]4d105s25p5 [Xe]4f145d106s26p5

Covalent radius (pm) 30 64b 99 114 133 [140]
Ionic radius (pm)c 154 133 184 196 220 [227]
Van der Waals radius (pm) 120 135 180 195 215 –
Pauling electronegativity 2.2 4.0 3.0 2.8 2.5 [2.1]
Ionization energy (kJ/mol) 1312 1680.6 1255.7 1142.7 1008.7 [926]
Electron affinity (kJ/mol) 72.5 332.6 348.5 324.7 295.5 [270]
Hdis (X–X) (kJ/mol) – 158.8 242.58 192.77 151.1 [116]
Hdis (X–H) (kJ/mol) – 574 432 363 295 –
Hhyd (X) (kJ/mol) – 464 323 295 255 –

Notes: Understanding of these properties is of primary importance to attain specific and stable labeling. Hdis (X–X): enthalpy of 
dissociation of the X–X bond (X  halogen atom); Hdis (X–H): enthalpy of dissociation of the X–H bond (X  halogen atom); Hhyd (X): 
enthalpy of hydration of the halide ion; kJ: kilojoule; mol: mole; pm: picometer.
Source: Busch (2002); Dean (1999); Greenwood and Earnshaw (1997); Huheey et al. (1996).
aMost of the physical properties of astatine are obtained by extrapolation from the other halogens or predicted by theory.
bFor organofluorine compounds; F–F distance is 72 pm.
cVaries with coordination number.
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 radionuclidic purity. This is, incidentally, the only method 
admissible for 123I production for clinical use.
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123I is obtained in sodium hydroxide solution, in batches 
of about 100 GBq, with a maximum specific activity of 
8.77  1021 Bq/mol (11–20 GBq/ml), after concentra-
tion and purification (Coenen et al., 2006).

Labeling Techniques

Many methods have been described (Argentini, 1982; 
Baldwin, 1986; Coenen et al., 1983), but only a few allow 
radiopharmaceutical preparation with good labeling and 
high specific activity. Furthermore, the relative importance 
of the various methods varies with time (Eersels et al., 2005), 
depending on new synthetic pathways and progress, notably 
in organometallic chemistry, and no method combines all 
advantages. Thus, while choosing the method that should be 
used, the following aspects have to be considered:

l Structure of the molecule (activated position, need for a 
prosthetic group)

l Labeling position (regiospecificity, stereospecificity)
l Specific activity reachable
l Retention of biological activity and in vivo stability
l Rapid achievement of labeling (preferentially in one 

step)

From the different methods using iodine under various 
forms for labeling, we will first describe the iodinating rea-
gents and the methods of obtaining them.

Iodinating reagents

Sodium Iodide This is the simplest, and the only com-
mercial, form of iodine. It is extensively used in aliphatic 
and aromatic nucleophilic substitutions. It is the iodinating 
agent in melts, for nucleophilic substitution, and the start-
ing point for the preparation of all other iodinating agents.

Molecular Iodine Molecular iodine is used in three 
types of reaction:

l Addition reaction on double bonds;
l Hydrogen substitution on aromatic groups;
l Halogen substitution by radical reactions.

It can be prepared by isotopic exchange I2/*I, by oxi-
dation of Na*I with different oxidants: Fe3, H2O2, KIO3, 
HIO, or by electrochemical oxidation. Nonetheless, its 

use has several disadvantages – high volatility and loss of 
half the activity – because only the anion or the cation 
reacts (*I2→*I  *I); hence, iodine is now rarely used.

Hypoiodous Acid Hypoiodous acid (*IOH) is obtained 
by oxidation of Na*I, usually by N-chloro oxidizing agents.

Hydriodic Acid Hydriodic acid (H*I) is very unstable 
and decomposes very rapidly on exposure to light. It is 
thus frequently prepared in situ, from sodium iodide and 
phosphoric or sulfuric acid. It is often used in solution in 
glacial acetic acid, and reacts with alcohols to give the cor-
responding halides.

Iodine Monochloride This precursor is generated by the 
exchange ICl/Na*I, which corresponds to an oxidation of 
iodide by cold iodine. It can also be obtained by oxidation 
with elemental Cl2. Depending on the reaction conditions, 
pH, and solvent, the reagent is either *IO or *IOH and 
*

2IOH+ , respectively, in basic and acidic media.
The molecule being polarized with a partial positive charge 

on the radioiodine atom (I Cl), iodine monochloride is 
used for aromatic electrophilic substitution. It is more eas-
ily ionizable and thus, is more reactive than I2 (Doran and 
Spar, 1980). Moreover, the loss of radioactivity in the lat-
ter is avoided. It is also used for simultaneous introduction 
of iodine and chlorine into a double bond, especially for 
the labeling of unsaturated fatty acid.

A disadvantage of *ICl is its high oxidation poten-
tial and the necessity for carrier iodide addition. Iodine 
monofluoride (*IF), obtained by reaction of F2 gas with 
Na*I in perfluorinated solvents (Coenen et al., 1995), 
seems to be a good alternative, since it can be used directly, 
without further purification or isolation procedures.

Organic N-Iodo Compounds The iodine attached to 
nitrogen has a weak positive charge and can be used for 
electrophilic additions and substitutions. They belong to the 
family of N-iodocarboxamides and N-iodocarboximides. 
The most widely used reagent is N-iodosuccinimide, which 
is prepared starting from a metallic derivative of succinim-
ide (usually its silver salt) (Djerassi and Lenk, 1953).

Use of oxidative agents

Many reactions require the use of oxidized radioiodine, 
at the oxidation state 0 (*I2) or 1 (*IOH, *ICl). Several 
techniques (chemical, enzymatic and electrochemical) to 
oxidize commercial Na*I (I↔1/2I2  e ε0  0.5355) 
have therefore been developed, which are chosen according 
to the nature of the substrate, the solvent and the labeling 
conditions.

N-Chloroamides A method of choice for iodide oxida-
tion is the use of sodium salts of N-chlorosulfonic acid 
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amides (Hunter and Greenwood, 1962), such as chlo-
ramine T (N-chloro-p-toluenesulfonic acid) and chlo-
ramine B (N-chloro-benzenesulfonic acid) (Figure 76.1). 
Radiolabeling is conducted by simple addition of chlo-
ramine T and Na*I in presence of the substrate to label for 
few minutes at room temperature. The reaction is com-
plete, providing a good specific activity.

The oxidation can be carried out in acidic, neutral, 
or basic media. Iodide will be oxidized to iodine in basic 
and neutral media and to iodine monochloride in acidic 
medium (HCl). In aqueous solution, chloramine T forms 
hypochlorous acid (HOCl), which is thought to be the 
actual oxidizing species. The oxidation can be controlled 
by the depletion of chloramine T, as the limiting reagent 
or by the addition of a reducing agent (sodium bisulfite) 
to stop it (Robles et al., 2001).

As an ionic compound, chloramine T is insoluble in 
most organic solvents. Its use is thus limited to aqueous 
media. A convenient counterpart for in situ oxidation in 
organic media has been developed, namely N,N-dichlo-
ramine T (Coenen et al., 1982). Commonly used organic 
solvents are methylene chloride and carbon tetrachloride.

The major drawbacks of these compounds are the harsh 
oxidizing conditions and possible chlorination reactions 
that may lead to by-product formation, such as cleavage 
of disulfide bonds. To prevent this, it is advisable to work 
at low temperature, to lower the agent’s concentration 
(slower reaction) and to shorten reaction times (chlorina-
tion reactions are slower than corresponding iodination 
reactions) (Robles et al., 2001). Chloramine T can also 
lead to the formation of macroaggregates (Sherman  
et al., 1974).
Iodobeads To limit these drawbacks, an immobilized 
chloramine T on polystyrene beads has been developed 
(Markwell, 1982). This solid-phase chloramine T, called 
iodobeads (Figure 76.2), enables a facile separation of the 
oxidizing agent and the substrate by simple filtration, 

without the need for a reducing agent. Moreover, the con-
centration of the oxidizing species is kept low, since its 
liberation is retarded, and the contact time is thus shorter 
between the substrate and the oxidizing agent.
Iodogen Iodogen (1,3,4,6-tetrachloro-3-alpha,6-alpha-
diphenylglycouracil) (Figure 76.3) is an oxidizing agent 
resembling a four-fold chloramine T (Fraker and Speck, 
1978). It was developed for mild labeling of proteins, 
peptides, and cell membranes. Indeed, less oxidative side 
reactions with sensitive molecules or polyiodinations are 
observed.

Iodogen is virtually insoluble in water, and is therefore 
dissolved in a volatile organic solvent. After evaporation 
of the latter, a thin film of iodogen coats the walls of the 
reaction vessel, permitting labeling with very little contact 
between the substrate, solubilized in an aqueous medium, 
and the oxidizing agent. The labeled molecule is then 
recuperated by simple filtration (Ünak et al., 2001). Since 
many proteins are soluble in water, they have found wide 
use in the iodogen method. Nevertheless, labeling yields 
are somewhat lower than with chloramine, since the reac-
tion proceeds on the surface and consequently, one side 
of the protein chain cannot be reached. The efficiency is a 
function of the surface active area.

A homogeneous variation of this two-phase method 
has been proposed, with triflic acid (TFA) as the solvent 
(Krummeich et al., 1996).

N-Halosuccinimides N-halosuccinimides are another 
group of N-halo oxidizing agents, where the halogen atom 
is chlorine or bromine (Figure 76.4). They are comparable 
to chloramine T, with the advantage of being insensitive to 
pH, and of being less denaturing (Youfeng et al., 1982).

N-bromosuccinimide gives lower labeling yields and, 
sometimes, radical side reactions are observed. On the 
contrary, N-chlorosuccinimide in TFA enables direct 
electrophilic radioiodination, even of nonactivated or  
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Figure 76.1 N-chloroamides used for iodide oxidation. Chloramine T is one of the most commonly used oxidizing agents for Na123I.
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Figure 76.2 Iodobeads. Iodobeads are a polymer-supported 
version of chloramine T.
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Figure 76.3 Iodogen. This reagent is a milder alternative to 
chloramine T.
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deactivated arenes, the only prerequisite being the stability 
of the substrate in TFA.

Peracids Peracids, e.g., peracetic or performic acid, have 
the advantage of avoiding contamination by chlorinated 
by-products (resulting from overoxidation), which is not 
always the case with N-chloro oxidizing agents. They are 
generated in situ from hydrogen peroxide and an organic 
acid (Moerlein et al., 1988). The concentration of the oxi-
dant is thus kept low, which is appropriate for sensitive 
substrates. On the contrary, when preformed peracid is 
used, oxidative damage of the substrate occurs.

Labeling yields obtained with peracids are usually lower 
than those obtained with chloramine and analogs (Coenen 
et al., 2006).

Other Chemical Oxidants Some other methods have 
also been described in the literature, albeit more anecdo-
tal (Seevers and Counsell, 1982; Coenen et al., 2006). 
Indeed, all oxidizing agents are capable of oxidizing iodide 
to iodine. Among others, one can cite hydrogen peroxide, 
nitrous and nitric acids, and potassium iodate. The latter 
is a mild oxidant used for the radioiodination of sensitive 
substrates, such as proteins.

Some inorganic metal salts have also been used that lead 
to the formation of heteropolar, electrophilic iodine spe-
cies. Among them (Ag, Tl3, Ce4), cerium salts have 
the advantage of high chemoselectivity. They are nonethe-
less limited by their strong oxidation potential and high 
toxicity, which requires careful purification for the labeled 
products to be used in vivo.

Peroxidases Enzymatic labeling is a milder alternative 
to chemical oxidants. It can be accomplished without 
deactivation or degradation. It is thus suitable to label 
very sensitive molecules, such as biomolecules. The labe-
ling yields are close to those obtained with chloramine-T 
and iodogen, and no carrier-added radioiodination can be 
obtained (Davidson, 1987).

The oxidation of iodide is performed by enzymes of the 
peroxidase type (Morrison, 1980), mainly lactoperoxidase, 
but also by horseradish peroxidase, microperoxidase and 
chloroperoxidase, which are hemoproteins with tetrapyr-
rolic cores chelating iron. These enzymes are active in the 
presence of small amounts of hydrogen peroxide or glu-
cose oxidase. They form a first complex with H2O2 that 

reacts with the protein to be labeled, with the formation of 
a second complex. The second complex activates the tyro-
sine residue of the protein into a tyrosine radical acceptor 
of molecular iodine, the latter being produced from iodide 
oxidation by H2O2. During the labeling, these two com-
plexes are formed alternatively.

Enzyme and protein form a complex before radioiodi-
nation. The formation of this complex is determined by 
the spatial rearrangement of the protein, which implies 
that the labeling yield depends on its structure. Only 
accessible and stereochemically favored tyrosyl groups will 
be iodinated. The substrate has to be large enough to form 
a complex with the enzyme, small molecules sometimes 
being difficult to label.

Even if this method is less denaturing than chloramine 
T and analogs, two parasite reactions can occur: oxida-
tion of some amino acids on the peptidic chain; and 
lactoperoxydase iodination. Also, it must be checked that 
the enzyme and the labeled molecule are easily separable.

Electrochemical Oxidation It is possible to use an 
electrolytic cell to oxidize iodide to iodine (Seevers and 
Counsell, 1982). The labeling reaction occurs at the anode, 
where the molecule to be labeled and sodium iodide (Na*I 
and carrier NaI) are dissolved. A glass apparatus with plati-
num electrodes is used, to avoid oxidation of the anode by 
I2, and a semipermeable membrane is used to ensure sepa-
ration of the cathode and anode regions.

The advantages of this method are as follows: (a) very 
dilute solutions of Na*I can be used; (b) the rate of radio-
iodination can be controlled by the current in the cell; (c) 
no oxidizing agent is present (hence no degradation of the 
substrate); (d) there is no by-product formation; and (e) 
the reaction can be performed in organic solvents and over 
a large pH range. However, it has not found wide appli-
cation because it requires special equipment and expertise, 
the performance is rather complex, and the yields are often 
low (Coenen et al., 2006).

Labeling reactions

In general, reactions in organic chemistry for iodination 
(De la Mare, 1976; Sasson, 1995) can be transposed for 
radioiodination, given some adaptations owing to the half 
life of the radionuclide and the small-scale concentrations. 
In the same way, a procedure developed for one isotope of 
iodine should be adaptable to another, taking into account 
their respective half lives and available forms.

The main reactions currently used belong either to 
nucleophilic or to electrophilic substitutions, the latter, 
especially iododemetallation, being widely used. Some 
reactions have lost the interest of radiochemists, such as 
electrophilic addition, SE1, SN1, or passage through an 
aryne intermediate.

N

O

O

Br

Figure 76.4 N-bromosuccinimide. N-halosuccinimides are 
another family of N-halooxidizing agents for iodide.
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Electrophilic Addition This can be considered as an  
acid–base reaction, where the reagent acts as an acid, 
whether a protic one (e.g., hydriodic acid or iodine mono-
chloride) or a Lewis acid (e.g., molecular iodine, which 
can be polarized by electrophilic solvents or catalysts), and 
the double-bond acts as a base (Argentini, 1982).

This method has been used for unsaturated fatty acid 
labeling (Machulla, 1982), with a yield near 100%. The 
reactions are nonetheless rarely used nowadays; substitu-
tion reactions are preferred.

Electrophilic Substitution Iodine labeling can be 
obtained by using molecular iodine and oxidation rea-
gents, such as peracetic acid, imides and amides, which 
increase the electrophilic reactivity of the halogen toward 
aromatic compounds.
Aliphatic Electrophilic Substitution No direct iodination 
is observed by the reaction with an aliphatic C–H. Thus, 
a halodemetallation technique is employed, replacing the 
C–H target by a C-metal bond (M  B, Si, Ge, Sn, Hg, 
Tl). Due to the higher sensitivity of the C–M bond to the 
electrophilic reaction, iodination is obtained in high yield, 
in a regiospecific way, and with short reaction times and 
mild conditions (Adam, 1986; Kabalka and Varma, 1989).

Generally, an organoborane is used, owing to its ease of 
preparation from the corresponding olefin. Yet, aliphatic 
radiotracers are almost exclusively iodinated by nucle-
ophilic substitution.
Aromatic Electrophilic Substitution In contrast to aliphatic 
targets, aromatic hydrocarbons, as well as vinylic ones, are 
easily iodinated. Labeling conditions are milder than those 
with other methods, some labeling even being done at 
room temperature in aqueous solvent (Coenen et al., 1983). 
This is essential for peptide labeling; hence, this technique 
is routinely used for peptide and protein labeling.

Electrophilic substitution depends on the basicity of 
the aromatic ring (Ar), and therefore, on the presence of 
the different substituents. The activating substituents are 
alkyl and aryl groups, such as —NH2, —NHR, —NR2, 
—OH and —OR, while deactivating ones are ˆ N R( )3

+ ,  
—NO2, —SO3H, —COOH, —COOR and halogens. 
These types of substituents also orient the position of the 
attack. Activating ones, as well as halogens, enhance ortho 
and para iodination, while deactivating groups will lead to 
meta iodination.

Ring activation, as is the case with phenol for instance, 
will lead to polyiodination (Goodnow et al., 1991) which 
is often inconvenient, as it can modify biological and 
physico-chemical properties of the compound. In order 
to control the labeling position, a hydrogen atom on Ar is 
replaced by an organometallic moiety, such as for aliphatic 
electrophilic substitution.

Trimethylsilyl and tributyltin are the most commonly used 
leaving groups (Bourguignon et al., 1997), although there 
is no ideal organometallic precursor for iododemetallation 

when all criteria are considered together (ease of synthesis, 
stability, reactivity, toxicity and purification).

One advantage of organoboranes is their ease of han-
dling, for they are generally air- and moisture-stable crys-
talline compounds (Kabalka and Goodman, 1991). For 
the group IVA metals, the observed order of reactivity is 
Si  Ge  Sn. For example, substitution of a tin atom 
by an iodine atom at room temperature is so fast that it 
is insensitive to reaction conditions (solvent, water), while 
it is necessary to heat with the other two. Thus, organo-
silicon and organogermanium are used less often than 
 organotin, with the notable exception of trimethylsilyl. 
They, however, often lead to more stable compounds. 
Despite a tedious and difficult synthesis, these organome-
tallic precursors have found wide use for radioiodination.

Mercury compounds offer the advantage of easy access 
(notably through organoboranes by transmetallation or 
direct aromatic electrophilic substitution), good stability 
and high reactivity (Kabalka and Varma, 1989). Thallium 
is also being used increasingly; substitution with arylthal-
lium is predominantly para except in the case of strong 
electron-withdrawing groups, where it is meta and benzoic 
acid, where it is ortho (McKillop et al., 1971; Taylor et al., 
1971). It is reversible and sometimes difficult to control. 
Care must be taken to remove all traces while using orga-
nomercuric and organothallic compounds (as well as the 
less-used organoleads), since they are strongly toxic. The 
stability of the organometallic precursors is in the order 
Hg(III) > Tl(III) > Pb(IV) (Yu et al., 1993).

Nucleophilic Substitution Although nowadays less used 
than electrophilic substitution, nucleophilic substitution 
played a major role in the radioiodination of a number of 
molecules of biological interest (Argentini, 1982). It found 
its primary interest in the fact that 123I is commercially 
available under the Na*I form and the implied reactions 
are simple. The mechanism depends on the substrate type 
(aliphatic or aromatic), the leaving group and the reaction 
conditions.
Aliphatic Nucleophilic Substitution This reaction proved 
useful thanks to its ease: simple heating to reflux in a polar 
solvent (acetone, butanone, DMF) that must solubilize 
iodide and the substrate. Three possibilities exist in the lit-
erature, with both advantages and limitations:

l Isotopic exchange (I/*I);
l Halogen exchange (Br/*I);
l Sulfonate replacement (R1SO3R/*I) (R1  CF3, CH3, 

p-CH3C6H4, p-NO2C6H4).

Isotopic exchange is the simplest way to radioiodinate 
a compound, with extremely good labeling yields in the 
presence of an excess of substrate, without the need for 
purification. However, high specific activity cannot be 
attained because of the isotopic dilution.
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The other two methods enable very high specific activi-
ties to be achieved. Sulfonates are usually more interesting 
than bromides, as they are more reactive and easier to sepa-
rate from the iodinated compound (Frangin et al., 1990).

Sometimes, the exchange does not work well under 
reflux conditions. A few alternatives are the use of phase 
transfer catalysts (ammonium or phosphonium salts), 
crown ethers, or exchange in melts or under solid-state 
conditions (Apparu and Madelmont, 1998). Melts are 
either the substrate itself at its melting point (where it has 
to be stable, and must have a high dielectric constant to 
solubilize Na*I), a melt of acetamide or formamide, or 
ammonium sulfate below its melting point (reaction at 
120–160°C). This technique is mostly used with aromatic 
compounds (Seevers and Counsell, 1982).
Aromatic Nucleophilic Substitution This calls upon three 
mechanisms, depending on the labeling conditions:

l Halogen exchange (I, Br, Cl), with a SNAr mechanism;
l Substitution by diazonium salts (Sandmeyer-type reaction);
l Substitution via an aryne intermediate.

The last method leads to positional isomers and hence, 
should be avoided. Halogen exchange is done in harsher 
conditions than with aliphatic compounds, and needs 
highly activated arenes. It is, therefore, generally done in 
melts, or catalyzed by copper (I) or copper (II) salts, pro-
viding good results (Moerlein, 1990).

If the appropriate aniline is available, it is possible to 
selectively iodinate the Ar by iododediazonization (Coenen 
et al., 1983). However, it requires harsh conditions and 
may lead to undesirable by-products (especially with the 
solvent). An improvement over this method is the use of 
triazenes (Wallach reaction, Figure 76.5), which are more 
stable than the corresponding diazonium salts. They are, 
indeed, isolable and can be stored in the dark (Heindel  
et al., 1982). They can be decomposed by protic or Lewis 
acids. The choice of solvent also has great importance, as also 
do the substituents on the Ar and the secondary amine used.

Radical Reactions The reaction consists of the homo-
lytic cleavage of X–Y species (usually *I2 or *ICl) to form 
two entities X° and Y°. The free radical, very energetic and 
hence reactive, reacts with the substrate R–Z to form a 
new radical, and starts a classical chain reaction (cf. Table 

76.2). Its use is much more anecdotal.
It can be done in gas phase as well as in liquid phase. 

It is not influenced by acids and bases and only slightly 

by solvent polarity. The substrate to label and the iodinat-
ing agent, prepared prior to use or in situ, are dissolved in 
the appropriate solvent and treated (to initiate or acceler-
ate the reaction) by one of the following methods: heating 
(200–400°C) ultraviolet (UV) irradiation (300–450 nm) 
gamma-ray irradiation (60Co) redox reaction peroxides 
and peracids (strong oxidizing agents). The reaction can be 
slowed down or stopped by radical traps.

Alkanes are only poorly directly iodinated with iodine 
radicals. Aliphatic compounds with a double bond will be 
preferentially subject to an addition rather than to a sub-
stitution. Also, for aromatic compounds, labeling occurs 
mainly by the substitution of a halogen atom, and rarely 
by substitution of a hydrogen atom, with ortho and para 
positions favored, the ortho position being even more reac-
tive if there is no steric hindrance (Argentini, 1982).

Prosthetic groups

Sometimes, the molecules to label cannot be iodinated 
directly because they are not reactive enough toward 
iodine, they do not possess any suitable site, or the 
obtained product is not stable or has lost its biological 
activity. In these cases, it is necessary to use a bifunctional 
prosthetic group (Brinkley, 1992) that must possess a site 
suitable for stable iodine labeling and an anchor site reac-
tive toward —NH2 or —COOH groups of the molecule 
to label. Another requirement is that its steric hindrance 
and lipophilicity must be as small as possible, so as not to 
alter the initial biological properties of the original mol-
ecule. Consequently, prosthetic groups are often attached 
as far as possible from the active site.

There are two possible ways to use prosthetic groups. 
First, the prosthesis is attached to the molecule and then 
iodinated. Labelings are often better, with shorter reaction 
times, and higher labeling yields and specific activities, 
or, on the contrary, the prosthesis is iodinated and then 
attached to the molecule. Contact of the sensitive mol-
ecule with the oxidizing agent is thus avoided. However, 
the second step must be fast and efficient to avoid loss of 
radioiodine (Seevers and Counsell, 1982).

Bolton–Hunter Reagent Although not the first to 
be synthesized, the reagent developed by Bolton and 
Hunter (Bolton and Hunter, 1973), N-succinimidyl- 
3-(4-hydroxyphenyl)propionate (Figure 76.6), has found 
prominent use for the labeling of peptides and small 
 molecules (biotin, melatonin, clonazepam, and so on).

It reacts easily with free primary amines, with the libera-
tion of the succinimidyl derivative (Langone, 1981). It is 
possible to control the site of iodination by controlling the 
pH of the reaction. A water-soluble version has been devel-
oped for labeling cell surfaces without exposing the cells to 
membrane-permeable solvents (Thompson et al., 1987).

ArNH2 � HNO2 ArN2
� Ar N N NR2

R2NH

Na2CO3

Figure 76.5 Triazene formation (Wallach reaction). An improved 
version of the radioiododediazonization reaction. Ar: aromatic ring.



Table 76.2 Iodination reactions and their mechanism

Radioiodination

Reaction type Mechanism On X-bearing C or regiospecific Stereospecific Direct

Electrophilic addition
 Aliphatic
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Electrophilic substitution

 Aliphatic
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Nucleophilic substitution

 Aliphatic

  XH SN1 RX I R X I RI X+ → + + → +− + − − − a  

SN2 RX I X R I RI X+ → → +− −[ ]    

 Aromatic

  XH SN1 Z Z Z
N2

�X�

� I� � N2 � I� � N2 � X�
� I

 

  ZH SNAr Z Z Z
X X
� I� � X�

I
I

 

Aryne Z Z
X

Z � I� � X�
� HI � X�

I

 

Radical reaction I–X →  X°  I°

I°  R–Z →  I–R  Z°

Z°  X–I →  X–Z  I° a 

R°  X° →  R–X

R°  I° →  R–I

Notes: Most used reactions are SEAr (iododemetallation) and SNAr (halogen exchange, copper assisted). SE1, unimolecular electrophilic substitution; SE2, bimolecular electrophilic substitution; 
SEAr, aromatic electrophilic substitution; SEi, intramolecular electrophilic substitution; SN1, unimolecular nucleophilic substitution; SN2, bimolecular nucleophilic substitution; SNAr, aromatic 
nucleophilic substitution.
aDepends on product’s nature.
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Other Prosthetic Groups Apart from the Bolton–
Hunter reagent, some other prosthetic groups have been 
used for labeling with 123I, such as aromatic diazonium 
salts, aromatic and vinylic organostannanes, and histidine 
and tyrosine analogs (Apparu and Madelmont, 1998; 
Seevers and Counsell, 1982). A few examples of prosthetic 
groups are shown in Figure 76.7.

They have been used to label a wide variety of mol-
ecules, e.g., hormones (Massaglia et al., 1973) or biotin 
(Foulon et al., 1996). The presence of the active aromatic 
group enables the use of milder radioiodination condi-
tions. Vinylic prosthetic groups have been developed to 
minimize structural perturbations on the target mole-
cule. This is also the case of the beta-iodoethoxyl group 
(Hamant et al., 1994) used to label a very small molecule: 
hexanoic acid.

Biomolecule labeling

The chemistry of biomolecule radioiodination has devel-
oped greatly over the past few years. The choice of the 
labeling reaction depends of the size of the peptide, its 
physicochemical and biological properties, as well as the 
presence of reactive groups. Two techniques are possible, 
depending on direct or indirect labeling, by a prosthetic 
group (Wilbur, 1992).

The reactions used to radioiodinate biomolecules are 
more or less the same as for small molecules, with the 
specificity of labeling bioactive molecules. The labeling 
method should keep the immunological and biological 
activity of the original molecule; a high specific activity 
should be obtained, and labeling and purification condi-
tions should be as mild as possible (Grassi and Pradelles, 
1987).

Direct iodination, owing to its ease, is a method of 
choice. It has, however, some limitations. Oxidizing agents 
can alter the molecule, especially by attacking disulfide 
bridges. Electrophilic attack on amide groups can com-
pete with the substitution on Ars. This reaction leads to an 
amide iodinated on the nitrogen atom, unstable in vivo, 
which degradates by hydrolysis. Lastly, the protein reactiv-
ity may be insufficient.

Peptides are generally iodinated by electrophilic substi-
tution on their aromatic amino acids (tyrosine, histidine, 
and tryptophan), with *I(0) or *I(I), or by isotopic 
exchange (Bourdoiseau, 1986). Oxidizing agents are chlo-
ramine T and derivatives, N-bromosuccinimide, lactoper-
oxydases, or electrochemical methods. Labeling yield and 
quality depend on the choice of this oxidizing agent.

Three reactions can take place, separately or together: 
substitution, addition and oxidation. The last two lead to 
the formation of impurities.

Tyrosine, an amino acid with a hydroxy-substituted Ar, 
is very reactive toward halides. Due to the inductive and 
mesomer effects, iodination occurs on the ortho position of 
the hydroxy group. Mono and diiodinated mixtures may be 
obtained, depending on the amount of iodinating reagent, 
the reaction time (attack by a second iodine atom is twenty 
times slower), and the type and pH of the buffer used. The 
reaction is catalyzed by acetate or phosphate ions.

Histidine reacts more slowly; thus, when both tyrosine 
and histidine fragments are present on a peptide, histidine 
reacts only in the presence of a large excess of radioiodine, 
and with a longer reaction time.

Tryptophan can also be iodinated directly. Both mono 
and diiodinated derivatives are known. Reaction is slower 
than with tyrosine and histidine, and hence occurs rarely.

Iodination reactions on peptides lead to monoiodinated 
(if the peptide has several tyrosine residues, reference is to 
positional isomers) and polyiodinated products. The latter 
results from:

l The incorporation of two iodine atoms in ortho of the 
hydroxy group on the same phenolic ring, which often 
leads to an unstable product;

l The substitution on several tyrosine residues;
l The substitution on different amino acids.

N Br

SiMe3

Bu3Sn

Bu3Sn

CO2R H2N NH
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N�CI�
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X � CI, OTs

N

Figure 76.7 Common prosthetic groups for radioiodination. A wide variety of prostheses have been described in the literature to 
adapt to the target molecule without altering its biological behavior. OTs: tosylate (p-toluenesulfonate).
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Figure 76.6 Bolton–Hunter reagent. It is the prominent pros-
thetic group in radioiodination of peptides.

Purification To fulfill pharmaceutical criteria such as 
chemical and radiochemical purity, radiotracers are puri-
fied by chromatography (Meyer et al., 1993) or solid-phase 
extraction (Berthommier et al., 2002) techniques. Small 
columns that combine the advantages of both have been 
recently developed (Katsifis et al., 2006).

123I-radiotracers are now generally autoclaved to con-
form to the stringent pharmaceutical regulations (Eersels 
et al., 2005).

Clinical Applications

Many radiotracers labeled with 123I have found applica-
tions in a clinical setting. Some examples are given in 
Table 76.3. In the last decade, their applicability has been 
changed from functional imaging of metabolism, e.g., 
studying beta-oxidation of the myocardial cells (123I-fatty 
acids) or for renal clearance studies (123I-hippuric acid), to 
receptor (neuroreceptor – e.g., 123I-IPH, an analog of epi-
batidine – and hormone receptor) and transporter imaging 
(123I-6-iodo-deoxyglucose) (Eersels et al., 2005).

Myocardial imaging

Fatty Acids Fatty acids are the main source of energy 
of the myocardium. Their radiolabeled analogs follow the 
same metabolic pathways and are metabolized by beta-
 oxidation in the myocardial cells. The tracer’s regional 
distribution is correlated with the energy substrate metabo-
lism and the regional myocardial viability. A variety of fatty 
acids have been iodinated, including 16-iodohexanoic acid 
(16-IHA), 15-p-iodophenyl pentadecanoic acid (IPPA) and 
beta-methyl-p-iodophenyl-pentadecanoic acid (BMIPP). 
Clinical studies have demonstrated the efficiency of myo-
cardial scintigraphy with IPPA and BMIPP to evaluate 
myocardial viability and have reported that disturbances in 
the myocardial metabolism precede the occurrence of myo-
cardial perfusion abnormalities (Bourguignon et al., 1997; 
Knapp and Kropp, 1995; Nishimura et al., 1996)

MIBG The meta-iodobenzylguanidine (MIBG) is a 
guanethidine analog (Wieland et al., 1980). Its cardiac 
uptake decreases during heart failure or infarction, or in 
hypoxic regions. This decrease reflects a drop in norepine-
phrine reuptake by cardiac presynaptic nerve endings.

Tumor imaging

MIBG 123I-MIBG was also used to image adrenal 
medulla and its neoplasms. It follows the same metabolic 
pathways as catecholamines, in particular that of norepine-
phrine, and is stored in surrenal cells’ cytoplasm. It enables 
the visualization of many neuroendocrine tumors that fix 
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The introduction of one iodine atom does not signifi-
cantly alter the biological properties of the molecule. With 
a larger amount of substitution, the protein loses its prop-
erties and is generally quickly eliminated, due to its anti-
genic properties.

Labeling Stability and Quality Control

In vitro and in vivo stability

During labeling and storage, different factors are respon-
sible for the degradation of radioiodinated tracers, among 
which are radiolysis and the presence of trace impurities. 
Iodine loss can occur due to oxygen, light, heat, pH, or 
solvents.

Due to its polarizability, iodine is a good leaving group 
and is subject to hydrolysis, especially when bound to an 
sp3 carbon atom; thus, it is preferable to bind it to an sp2 
carbon.

Another possible problem is primary radiolysis, i.e., 
breaking of intermolecular or intramolecular C—I or 
C—C bonds due to the radioiodine-emitted energy, which 
induces the formation of free radicals. Secondary radioly-
sis is due to these free radicals formed from the molecule 
or its metabolites. It can be minimized by diminishing the 
specific activity, diluting the tracer, adding antioxidants or 
radical scavengers (e.g., albumin), or placing the solution 
at low temperature (80°C).

In vivo, deiodination is thought to be due to enzymes, 
deiodases. Indeed, due to a structural analogy with thyroid 
hormones, molecules labeled with Bolton–Hunter rea-
gent or iodinated on a tyrosine moiety are recognized and 
quickly metabolized. Three classes of deiodases are known. 
Type I enzymes are mainly located in the liver, kidneys, 
and skeletal muscle, and deiodinate in the 5 and 5 posi-
tions of the tyrosine ring. Type II enzymes, in the brain, 
pituitary tissue and brown fat, and type III, localized in 
the central nervous system, both catalyze deiodination on 
the tyrosine 5 position.

Quality control and purification

Radiochemical Purity Determination of the percent-
age of fixed iodine on the molecule is usually done by the 
radiochromatographic method. It can also be done by a 
precipitation test for proteins. Proteins are precipitated 
with trichloroacetic acid, and the different phases are 
counted in a gamma counter.

Chromatographic methods include:

l Thin-layer chromatography on cellulose or silica gel 
(supported on paper, glass, or aluminum);

l Gel-permeation chromatography;
l Ion exchange chromatography;
l High-performance liquid chromatography (HPLC).

Purification To fulfill pharmaceutical criteria such as 
chemical and radiochemical purity, radiotracers are puri-
fied by chromatography (Meyer et al., 1993) or solid-phase 
extraction (Berthommier et al., 2002) techniques. Small 
columns that combine the advantages of both have been 
recently developed (Katsifis et al., 2006).

123I-radiotracers are now generally autoclaved to con-
form to the stringent pharmaceutical regulations (Eersels 
et al., 2005).

Clinical Applications

Many radiotracers labeled with 123I have found applica-
tions in a clinical setting. Some examples are given in 
Table 76.3. In the last decade, their applicability has been 
changed from functional imaging of metabolism, e.g., 
studying beta-oxidation of the myocardial cells (123I-fatty 
acids) or for renal clearance studies (123I-hippuric acid), to 
receptor (neuroreceptor – e.g., 123I-IPH, an analog of epi-
batidine – and hormone receptor) and transporter imaging 
(123I-6-iodo-deoxyglucose) (Eersels et al., 2005).

Myocardial imaging

Fatty Acids Fatty acids are the main source of energy 
of the myocardium. Their radiolabeled analogs follow the 
same metabolic pathways and are metabolized by beta-
 oxidation in the myocardial cells. The tracer’s regional 
distribution is correlated with the energy substrate metabo-
lism and the regional myocardial viability. A variety of fatty 
acids have been iodinated, including 16-iodohexanoic acid 
(16-IHA), 15-p-iodophenyl pentadecanoic acid (IPPA) and 
beta-methyl-p-iodophenyl-pentadecanoic acid (BMIPP). 
Clinical studies have demonstrated the efficiency of myo-
cardial scintigraphy with IPPA and BMIPP to evaluate 
myocardial viability and have reported that disturbances in 
the myocardial metabolism precede the occurrence of myo-
cardial perfusion abnormalities (Bourguignon et al., 1997; 
Knapp and Kropp, 1995; Nishimura et al., 1996)

MIBG The meta-iodobenzylguanidine (MIBG) is a 
guanethidine analog (Wieland et al., 1980). Its cardiac 
uptake decreases during heart failure or infarction, or in 
hypoxic regions. This decrease reflects a drop in norepine-
phrine reuptake by cardiac presynaptic nerve endings.

Tumor imaging

MIBG 123I-MIBG was also used to image adrenal 
medulla and its neoplasms. It follows the same metabolic 
pathways as catecholamines, in particular that of norepine-
phrine, and is stored in surrenal cells’ cytoplasm. It enables 
the visualization of many neuroendocrine tumors that fix 
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Table 76.3 Some 123I-radioiodinated molecules used in clinical settings

Target Radiopharmaceutical

Thyroid (imaging and uptake)

*I CO2H

NaI

ω-Iodoheptadecanoic acid

Heart (metabolism)

 
*I

CO2H

15-(4-Iodophenyl)-3-methylpentadecanoic acid (BMIPP)

Kidneys (function)

*I NH

Iodohippurate Iodothalamate

CO2H
CO2H

CH3CONH NHCOCH3O

II

I

Liver (function) Cl Br

Br

O

OHHO

SO3
� SO3

�

Br

Br

ClCl

Cl
l l ll O

l l

Cl

O

Bengal pink Bromsulfonphtaline

O ONa

Adrenal glands (tumoral localization)

HO HO

HO

OH

OH

*I I*

I*
*I

*I

6-Iodomethyl-19-norcholesterol Iodoœstradiol Iododiethylstilbestiol

Adrenergic receptors,  
 pheochromocytoma

*I *I

HN HN
NHNH

NH2 NH2

H2N

Meta-iodobenzylguanidine
(MIBG)

Para-amino iodobenzylguanidine
(PAIBG)

Colorectal cancer (tumoral uptake and  
 metabolism)

HO

OH

NH
N

O
O

O

I*

Iododeoxyuridine

Breast cancer (receptors)

*I
O

HN N

Benzylpiperidine iodobenzamide



Labeling Techniques with 123I 753

Target Radiopharmaceutical

Brain tumor differentiation (gliomas) *I

HO

Iodo-α-methyl-L-tyrosine

CO2H
NH2

Other tumoral markers Iodosomatostatine (Tyr3-octreotide)

Brain perfusion

N
N

4-Iodoantipyridine Iodoamphetamine HIPDM

NH

OH

N

N
O

*I

*I *I

Benzodiazepine receptors
N

N

I*

O

O

O
6-Desfluoro-7-iodoflumazenil (Iomazenil)

N

Dopamine D2 receptors
HO NH NH

HN

H

O

O O

O

O

N N

N N

O
*I *I

I*

N

IBZM Epidepride Iodo-lisuride

Dopamine transporters

*I *IO O

β-CIT (Iometopane)

O O
N

F
N

FP-CIT (Ioflupane)

Muscarinic receptors OH O

O

3-Iodoquinuclidinyl benzilate (IQNB)

N

I*

Glucose transport I*
O

OH
OHHO

HO

6-Deoxy-6-iodo-D-glucose

Note: A wide variety of small molecules and macromolecules have been labeled with 123I to assess biological functions.

(Continued)
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amine precursors and overexpress MIBG receptors: pheo-
mochromocytoma, neuroblastoma, medullary thyroid car-
cinoma, paraganglioma and small-cell lung tumors. MIBG 
also localizes in organs with sympathetic innervations.

Iododeoxyuridine 5-Iodo-2-deoxyuridine is an analog 
of thymidine, a base component of DNA. It is incorpo-
rated in the DNA of cells in division and is preferentially 
incorporated in fast-growing tumoral cells. However, it is 
not specific and can also be fixed by healthy cells.

Tumor Angiogenesis Markers The molecular imaging 
of tumoral neoangiogenesis currently represents a major 
research field for the diagnosis and treatment strategy of 
solid tumors (Dobrucki and Sinusas, 2007). Tracers of ang-
iogenesis can play an important role in the analytical and 
preclinical development and in clinical studies of future 
antiangiogenic drugs. Among them are RGD-containing 
peptides, which are selectively bound by the v3 integrin, 
overexpressed by the endothelial cells from tumoral neo-
vessels. One of them, cyclo(-Arg-Gly-Asp-d-Phe-Val-), has 
been iodinated on a tyrosine residue introduced into the 
cycle in replacement of phenylalanine or valine (Haubner 
et al., 1999).

An isoform of fibronectin containing field ED-D is 
overexpressed in fetal and neoplastic tissue, and during 
the vascular proliferation. Tarli et al. (1999) synthesized 
an iodinated antibody anti ED-D. The iodinated labeled 
antibody 123I-labeled dimeric L19 [L19(scFv)(2)] has been 
localized in different tumors: colorectal cancer, pulmonary 
cancer and gliobastoma (Santimaria et al., 2003).

Atherosclerotic plaque imaging

Various lipidic markers have been studied (Narula and 
Strauss, 2005): native low-density lipoprotein (LDL), 
oxidized LDL, and anti-LDL antibodies. Other com-
ponents such as cholesterol esters or apoprotein B (Kritz  
et al., 1998) were marked.

Brain imaging

A variety of radiotracers have been synthesized to study the 
blood flow and to image neuroreceptors (benzodiazepine, 
dopamine, or serotonin).

The density of dopaminergic receptors and the availabil-
ity of dopaminergic transmission are abnormal in multiple 
pathologies, such as Parkinson’s disease, dementia, schizo-
phrenia, or Huntington’s disease.

Serotoninergic receptors, especially 5-HT2 receptors, 
are implied in depressive and neuropsychiatric pathologies. 
Many antidepressive drugs, e.g., fluoxetine, paroxetine and 
citalopram, target these receptors and selectively inhibit 
serotonin recapture. The development of specific 5-HT2 
tracers would enable the effectiveness of these treatments.

123I-ioflupane 123I-FP-CIT (123I-ioflupane) is used for 
the differential diagnosis of Parkinsonian syndrome versus 
essential tremor. Ioflupane is a cocaine analog that binds to 
the dopamine transporter (DAT), located on the presynap-
tic nerve endings in the striatum, and reflects the number 
of dopaminergic neurons in the substantia nigra. In the 
case of neuronal degeneration, the number of DAT is sig-
nificantly reduced, which can be detected by scintigraphy.

123I-IBZM Iodobenzamide (IBZM) is a D2 and D3 
dopamine antagonist that measures postsynaptic dopamine 
D2 neuroreceptor density in the corpus striatum. Its 
radioactive analog is used to differentiate Parkinson’s dis-
ease from other neurodegenerative diseases, to visualize 
Huntington’s disease (Ichise et al., 1993), and to predict 
the effectiveness of the dopaminergic substitute treatment 
(Schwarz et al., 1992).

123I-R91150 5-HT selective serotonin reuptake inhibi-
tors (SSRIs) are among the most widely prescribed 
drugs to treat depression and a variety of disorders, 
including anxiety and social phobias. 123I labeled 4-
amino-N-[1{3-(4-fluorophenoxy)propyl}-4-methyl-4-pipe-
ridinyl]-5-iodo-2-methoxybenzamide (123I-R91150, Figure 

76.8) is a SPECT ligand with high affinity and selectivity 
for 5-HT2A receptors (Busatto et al., 1997). It has been 
tested in man to study anorexia (Goethals et al., 2007) and 
depressive syndrome.

Brain Perfusion Isopropyl-p-iodoamphetamine (IMP) 
is a small molecule that crosses the blood–brain barrier 
with a good correlation with blood flow. It was first used 
to evaluate regional cerebral blood flow (rCBF) in dif-
ferential diagnosis in psychiatric disorders and dementia 
(O’Connell et al., 1989), and then to evaluate the severity 
of degenerative dementia (Ohnishi et al., 1991).

Recently, a new indication appeared: detection of malig-
nant melanoma of the uveal tract. 123I-IMP shows accu-
mulation in the intraocular lesion, while benign lesions 
show no site of fixation (Goto, 2004; Kato et al., 2006).

Infection and inflammation imaging

A wide variety of radiolabeled molecules have been used for 
the scintigraphic detection of inflammation or infection foci. 
Iodine-labeled molecules include antibodies or cytokines.

F

O N

NH

I

MeO

NH2

O

Figure 76.8 123I-R91150. It is a radiotracer with a high selectiv-
ity for 5-HT2A receptors.
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Cytokines, hormone-like proteins, enable cells of the 
immune system to communicate. Signore et al. (1992) 
have shown the feasibility of imaging infectious foci with 
radioiodinated cytokines. 123I-IL-1 has been studied to 
image inflammation in patients with rheumatoid arthri-
tis. It allowed visualization of inflamed joints, but without 
specific fixation (Barrera et al., 2000). 123I-IL-8, radioiodi-
nated by the Bolton–Hunter method, shows a hyperfixa-
tion in the rabbit, localized in the infectious foci, obtained 
by injection of Escherichia coli in the muscle (Van der 
Laken et al., 2000).

Summary

l  Iodine-123
l  Radiopharmaceuticals
l  Radioiodination
l  labeling
l  Electrophilic substitution
l  Nucleophilic substitution
l  Prosthetic groups
l  Diagnosis imaging
l  Clinic
l  SPECT
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Abstract

Previously published reports have described both sub-
clinical and overt thyroid dysfunction as a result of excess 
iodine ingestion. Moreover, iodine-induced hypothy-
roidism is not rare, at least in iodine-replete areas. The 
possible underlying mechanisms of this impairment con-
sist of both the inhibition of thyroid function by excess 
iodine and the iodine-induced enhancement of thyroid 
autoimmunity. On the basis that an excess iodine intake 
may cause hypothyroidism, several study results support 
iodine restriction for the treatment of hypothyroidism. 
The success rate of dietary iodine restriction alone, with-
out thyroid hormone replacement, is reported to be 
approximately 50–80% in patients with primary hypothy-
roidism due to Hashimoto’s thyroiditis and other causes. 
Relatively mild hypothyroidism, high radioactive iodine 
uptake and 99mTc uptake, increased free plasma iodine and 
free urinary iodine excretion, and the presence of goiter are 
considered favorable conditions for the success of dietary 
iodine restriction in treating hypothyroidism. In our study 
of 23 subjects with Hashimoto’s thyroiditis, it took less 
than 3 weeks for dietary iodine restriction to have an effect 
in normalizing thyroid function, and the longer the dura-
tion of the dietary restriction, the higher was the response 
rate observed. We also found that the minimal duration 
of dietary iodine restriction for treatment of hypothy-
roidism should be more than 3 weeks. Although the ideal 
cut-off value for dietary iodine restriction for patients 
with hypothyroidism has not been determined yet, the 
daily recommended iodide intake should be taken into 
consideration.

Abbreviations

RAIU Radioactive iodine uptake
TPO Thyroid peroxidase

TRH Thyroid-releasing hormone
TSH Thyroid-stimulating hormone

Introduction

Iodine is an essential component of thyroid hormone; 
either low or high intake may lead to thyroid disease. 
Currently, intake of seaweed, a low-calorie food con-
taining sufficient calcium, potassium, iron and vegeta-
ble fibers, has been recommended for the prevention of 
ischemic heart diseases, cerebrovascular diseases, dys-
lipidemia, diabetes mellitus, hypertension, metabolic 
syndrome and obesity, as well as for osteoporosis and 
iron-deficiency anemia (Mizukami et al., 1993). Besides, 
salt has been iodized, and as a result, iodine intake  
has increased throughout the world (Zhao et al., 1998).

Epidemiologic studies in Italy (Aghini-Lombardi  
et al., 1999), Great Britain (Vanderpump et al., 1995), 
Denmark and Iceland (Laurberg et al., 2000), and more 
recently China (Teng et al., 2006) each with different 
amounts of iodine intake, showed that the incidence of 
thyroid autoantibodies and hypothyroidism is higher in 
iodine-replete populations than in iodine-deficient popu-
lations. Likewise, the incidence of thyroiditis (Braverman, 
1994) and thyroid autoantibodies (Hollowell et al., 2002) 
is higher in the United States than in Europe, where the 
iodine intake is relatively lower. In addition, previously 
published reports have described both subclinical and 
overt thyroid dysfunction as a result of excess iodine inges-
tion (Table 77.1).

Hashimoto’s disease is common and may be increasing 
in incidence. The mean annual incidence is in the order 
of 3.5 cases per 1000 women and 0.8 cases per 1000 
men (Vanderpump et al., 1995). No age group is exempt, 
although prevalence increases with age. Worldwide, the 
most common cause of hypothyroidism is iodine defi-
ciency. However, Hashimoto’s thyroiditis remains the most 
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common cause of spontaneous hypothyroidism in areas of 
adequate iodine intake (Table 77.2).

Lifelong thyroid hormone replacement is indicated in 
patients with hypothyroidism as a result of Hashimoto’s 
thyroiditis. However, it has been reported that hypothy-
roidism due to Hashimoto’s thyroiditis might resolve 
spontaneously without replacing thyroid hormone, which 
suggests that it is sometimes reversible (Rallison et al., 
1975; Yamamoto and Sakamoto, 1978). On the basis 
that excess iodine intake may cause hypothyroidism, sev-
eral study results support iodine restriction for the treat-
ment of hypothyroidism. Yoshinari et al. (1983) reported 
that more than half of the patients with newly-diagnosed 
hypothyroidism with a goiter regain euthyroid spontane-
ously after dietary restriction of iodine without thyroid 
hormone replacement. However, little is known regarding 
the mechanism for spontaneous remission of hypothy-
roidism (Carlson, 1980; How et al., 1980; Nikolai, 1989; 
Okamura et al., 1990).

Acute excess iodine ingestion has long been known 
to result in a transient decrease in iodine organification, 
termed the Wolff–Chaikoff effect (Wolff and Chaikoff, 
1948). With sustained excess iodine exposure, however, 
most individuals’ thyroid glands escape from acute Wolff–
Chaikoff effect, despite continued excess iodine exposure, 
and resume synthesis of normal amounts of T4 and T3. 
The mechanism responsible for this escape or adapta-
tion to the iodine load probably involves a decrease in the 
Na/I symporter protein, resulting in a decrease in thy-
roid iodide content (Eng et al., 1999). In some individuals 

this escape phenomenon does not occur, and in turn, those 
patients develop iodine-induced hypothyroidism. Such 
hypothyroidism is generally reversible when the source of 
excess iodine exposure is removed (Pearce et al., 2002). 
Previous studies have established that the administration 
of large iodine supplements (10–1000 mg daily) to normal 
subjects for 1–11 weeks resulted in a small increase in both 
basal serum thyroid-stimulating hormone (TSH) concen-
trations and TSH response to thyroid-releasing hormone 
(TRH), sometimes in association with decreased serum 
concentrations of T4 and T3 (Vagenakis et al., 1973, 1974; 
Saberi and Utiger, 1975; Ikeda and Nagataki, 1976; Jubiz 
et al., 1977; Safran and Braverman, 1982). These effects 
are almost certainly due to the inhibitory effect of iodine 
on the release of thyroid hormone, with a compensatory 
increase in TSH secretion that may limit or forestall a  
further decline in serum T3 and T4 concentrations.

Another possible underlying mechanism of this impair-
ment of thyroid function is the iodine-induced enhance-
ment of thyroid autoimmunity (Wolff, 1989). Previously, 
Kahaly et al. (1998) described the development of thyroid 
autoantibodies in 6 of 31 patients with endemic goiter  
following the administration of a supraphysiologic dose  
of 500 g KI per day for 6 months. Lymphocytic infiltra-
tion in the thyroid was also noted. In one histological study 
(Mizukami et al., 1993), thyroid glands of patients con-
tinually exposed to excess dietary iodine had lymphocytic 
infiltration. An increase in lymphocytic infiltration often  
occurs after iodine repletion in iodine-deficient regions 
(Harach and Williams, 1995). Some healthy volunteers 

Table 77.1 Definitions

Autoimmune disease An autoimmune disease occurs when the body’s immune system becomes misdirected and attacks the  
organs (“auto” means “self”), cells, or tissues that it was designed to protect. About 75% of autoimmune 
diseases occur in women, most often during their childbearing years.

Hypothyroidism Hypothyroidism is a condition in which the body lacks sufficient thyroid hormone (“hypo” means “under”  
or “below normal”). Since the main purpose of thyroid hormone is to “run the body’s metabolism,” it is  
understandable that people with this condition will have symptoms associated with a slow metabolism. 
In fact, hypothyroidism is often present for a number of years before it is recognized and treated. About 
10% of women may have some degree of thyroid hormone deficiency. Symptoms include: tiredness, 
mental depression, and sluggishness, feeling cold, weight gain, dry skin and hair, constipation, menstrual 
irregularities. These symptoms are not unique to hypothyroidism, and many people who are hypothyroid 
only have one or two of these symptoms. Luckily, a simple blood test can discover the condition early.

Subclinical  
hypothyroidism

Subclinical hypothyroidism is defined as a biochemical abnormality characterized by an elevated serum 
level of serum thyroid-stimulating hormone (TSH) with normal thyroid hormones and no clinical symptoms.

Thyroid gland The thyroid gland is the biggest gland in the neck. It is situated in the anterior (front) neck below the skin 
and muscle layers. The thyroid gland takes the shape of a butterfly with the two wings being represented 
by the left and right thyroid lobes which wrap around the trachea. The sole function of the thyroid is to 
make thyroid hormone. This hormone has an effect on nearly all tissues of the body, where it increases 
cellular activity. The function of the thyroid, therefore, is to regulate the body’s metabolism.

Thyroid hormone The function of the thyroid gland is to take iodine, found in many foods, and convert it into thyroid 
hormones: thyroxine (T4) and triiodothyronine (T3). Thyroid cells are the only cells in the body which can 
absorb iodine. These cells combine iodine and the amino acid tyrosine to make T3 and T4. T3 and T4 
are then released into the blood stream and are transported throughout the body, where they control 
metabolism (conversion of oxygen and calories to energy). Every cell in the body depends on thyroid 
hormones for regulation of their metabolism. The normal thyroid gland produces about 80% T4 and about 
20% T3, however, T3 possesses about four times the hormone strength of T4.
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were positive for thyroid peroxidase (TPO) antibodies 
while exposed to excess iodine, and these abnormal TPO 
antibody titers decreased in some, but not all, subjects 
when excess iodine was eliminated. This suggests that  
the ingestion of excess iodine may induce thyroid autoim-
munity in an otherwise healthy population (Pearce et al., 
2002). More recently, in a large epidemiologic study,  
Teng et al. (2006) found that an iodine intake of approxi-
mately 320–840 g/day resulted in an increased incidence of  
subclinical hypothyroidism and thyroid autoimmunity.

On the basis that excess iodine intake may cause 
hypothyroidism, several study results support iodine 
restriction for the treatment of hypothyroidism. Thus, 
when we integrate these study results, it is clear that 
patients with primary hypothyroidism, including those 
diagnosed with Hashimoto’s, may benefit from dietary 
iodine restriction in reducing a titer of anti-thyroidal anti-
body and recovering normal thyroid function.

Among 22 patients with primary hypothyroidism who 
went on an iodine-restricted diet for 3 weeks, 12 patients 
became euthyroid, indicating over 50% success rate of 
treating hypothyroidism with iodine restriction alone 
(Tajiri et al., 1986). In this study, the treatment failure 
group had a higher radioactive iodine uptake (RAIU)  
at the end of the first week of a low iodine diet and  
had localized focal lymphocytic infiltrations on the pre-
treatment thyroid biopsy. However, when high-dose 
dietary iodide (daily 25 mg for 2–4 weeks) was given to 
patients who had become euthyroid after iodine restric-
tion alone, they all regressed back to the hypothyroid  
state.

From the clinical point of view, it is important to dif-
ferentiate hypothyroid patients who may recover sponta-
neously after iodine restriction from those who may not. 

Consequently, there have been continuous efforts to find 
predicting factors for patients with primary hypothy-
roidism that are likely to respond to dietary iodine  
restriction alone. Okamura et al. (1988) divided patients 
with overt hypothyroidism (TSH . 40 mU/l) into three 
groups according to their degree of RAIU and tried die-
tary iodine restriction. As a result, patients with greater 
than 35% of RAIU showed a response rate of 98.1% 
(52/53), while those with 10–35% of RAIU showed a 
response rate of 30.4% (7/23), and none of the patients 
with less than 10% of RAIU became euthyroid with die-
tary iodine restriction alone. In this study, patients with 
latent hypothyroidism with TSH levels between 5 and 
40 mU/l showed a treatment response rate of 71%, but 
there was no difference in the response rate depending on 
the degree of RAIU, thus suggesting the role of RAIU in 
predicting treatment response rate of dietary iodine restric-
tion in patients with overt hypothyroidism, but not in 
those with latent hypothyroidism. Moreover, in this study, 
there was a higher treatment success rate in patients with 
goiter compared with those without goiter (80% vs. 34%, 
respectively), implying the presence of goiter as a favorable 
characteristic to the successful treatment of dietary iodine 
restriction.

In a study by Kasagi et al. (2003), among 33 patients 
with primary hypothyroidism including 17 with 
Hashimoto’s thyroiditis, 8 weeks of dietary iodine restric-
tion alone resulted in a treatment response rate of 63.6%. 
They suggested high pretreatment 99mTc uptake and 
serum-free iodine, but not the presence of autoantibod-
ies, were favorable predicting factors for the success of the 
treatment thereby proposing dietary iodine restriction for 
the treatment of not only Hashimoto’s thyroiditis, but also 
hypothyroidism from other causes (Figure 77.1).

Table 77.2 Hashimoto’s thyroiditis

Definition Hashimoto’s thyroiditis is named after the Japanese physician Hashimoto Hakaru (1881–1934) of the medical school 
at Kyushu University, who first described the symptoms in 1912. Hashimoto’s thyroiditis is a type of autoimmune 
thyroid disease in which the immune system attacks and destroys the thyroid gland. The thyroid helps set the rate 
of metabolism, which is the rate at which the body uses energy. Hashimoto’s thyroiditis stops the gland from making 
enough thyroid hormones for the body to work the way it should. Hashimoto’s disease is the most common cause of 
goitrous hypothyroidism in areas of the world where dietary iodine is sufficient.

Cause A family history of thyroid disorders is common. The genes implicated vary in different ethnic groups and the 
incidence is increased in patients with chromosomal disorders, including Turner, Down’s and Klinefelter’s syndromes. 
The underlying specifics of the immune system destruction of thyroid cells are not clearly understood. Various 
autoantibodies may be present against thyroid peroxidase, thyroglobulin and TSH receptors, although a small 
percentage of patients may have none of these antibodies present. A percentage of the population may also have 
these antibodies without developing Hashimoto’s thyroiditis.

Presentation In many cases, Hashimoto’s thyroiditis usually results in hypothyroidism, although in its acute phase, it can cause a 
transient thyrotoxic state. Physiologically, antibodies against thyroid peroxidase and/or thyroglobulin cause gradual 
destruction of follicles in the thyroid gland. Accordingly, the disease can be detected clinically by looking for these 
antibodies in the blood. It is also characterized by invasion of the thyroid tissue by leukocytes, mainly T-lymphocytes. It 
is associated with non-Hodgkin lymphoma. Symptoms of Hashimoto’s thyroiditis include symptoms of hypothyroidism 
and a goiter.

Treatment Treatment is with daily thyroxine, with the sodium salt of thyroxine liothyronine given when the need to raise levels of 
circulating thyroxine is urgent.
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Recently, we have studied the effect of dietary iodine 
restriction in 23 patients with hypothyroidism due to 
Hashimoto’s thyroiditis (Yoon et al., 2003). These patients 
(average daily iodine intake of 486 g) restricted their daily 
iodide intake to less than 100 g for 12 weeks, and as a 
result, 18 patients (78.3%) recovered euthyroid. Moreover, 
four out of five patients who did not reach euthyroid also 
showed a reduction in serum TSH levels, suggesting a possi-
ble additional improvement of thyroid function with further 
restriction of iodine intake. Patients who recovered a normal 
thyroid function in this study had increased spot urinary 
iodine excretion and were at a mild hypothyroid state with 
low pretreatment TSH levels and relatively high T3 levels. The 
treatment failure group had higher RAIU, in accordance with 
the findings of prior studies, but no significant difference was 
found compared with the recovery group (28.3  20.1% vs. 
12.8  9.1%; mean  standard deviation). There was no 
statistically significant difference at baseline in daily iodine 
intake, size of goiter, or presence of anti-thyroidal antibodies 
between the two groups (Table 77.3).

From the review of prior studies on primary hypothy-
roidism due to Hashimoto’s thyroiditis and other causes, 
the success rate of dietary iodine restriction alone without 
thyroid hormone replacement seems to be approximately 
50–80%. Although the ideal cut-off value for dietary 
iodine restriction for patients with hypothyroidism has 
not been determined yet, the daily recommended iodide 
intake of 150 g for nonpregnant adults by the World 
Health Organization should be taken into consideration 
(Table 77.4). It took less than 3 weeks for the dietary iodine 
restriction to take effect in normalizing thyroid function, 
and the longer the duration of the dietary restriction, 
the higher was the response rate observed (54.5% after  

Figure 77.1 Relationship between 99mTc thyroid uptake (a) or nonhormonal iodine levels (b) and changes in serum thyrotropin (TSH) 
compared with the initial levels after iodine restriction. a/b, TSH after iodine restriction/TSH before iodine restriction. The 99mTc uptake 
values showed a significant inverse correlation with aTSH/bTSH values (P  0.001, r  0.600, a). Serum nonhormonal iodine lev-
els were inversely correlated with aTSH/bTSH values, but the correlation was not statistically significant (r  0.355, 0.05  P  0.1,  
b). TSH, thyroid-stimulating hormone.
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3 weeks, 63.6% after 8 weeks and 78.3% after 12 weeks). 
However, when iodine intake was increased in patients 
who had recovered euthyroid after 3 weeks of dietary 
iodine restriction, they all developed hypothyroidism, 
which means that the minimal duration of dietary iodine 
restriction for the treatment of hypothyroidism should be 
more than 3 weeks. Relatively mild hypothyroidism, high 
RAIU and 99mTc uptake, increased free plasma iodine 
and free urinary iodine excretion, and the presence of 
goiter are considered favorable conditions to the success 
of dietary iodine restriction in treating hypothyroidism, 
but further studies are required before a consensus can be 
formed. Studies that reported a good treatment response 
with dietary iodine restriction without thyroid hormone 
replacement in patients with primary hypothyroidism and 
Hashimoto’s thyroiditis were done in countries with a rela-
tively high dietary iodine intake. Therefore, there can be 
a limitation in applying these study results to patients in 
countries with a relatively low dietary iodine intake.

Summary Points

l Iodine intake has increased throughout the world.
l Iodine is an essential component of thyroid hormone.
l Excessive iodine intake may cause hypothyroidism.
l The possible underlying mechanisms of excess iodine-

induced hypothyroidism consist of both the inhibition 
of thyroid function by excess iodine and the iodine-
induced enhancement of thyroid autoimmunity.

l Hypothyroidism due to Hashimoto’s thyroiditis might 
resolve spontaneously without replacing thyroid 
hormone.
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l Although the ideal cut-off value for dietary iodine 
intake for patients with hypothyroidism has not been 
determined yet, the daily recommended iodide intake 
should be taken into consideration.

l It took less than 3 weeks for dietary iodine restriction 
to take effect in normalizing thyroid function, and the 
longer the duration of the dietary restriction, the higher 
was the response rate observed.

l Relatively mild hypothyroidism, high RAIU and 99mTc 
uptake, increased free plasma iodine and free urinary 
iodine excretion, and the presence of goiter are consid-
ered favorable conditions to the success of dietary iodine 
restriction in treating hypothyroidism (Table 77.5).
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Table 77.3 Clinical characteristics at baseline in patients with 
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Age (years)  40.3  10.2  42.0  12.6
Duration of disease 
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  25.0  25.8  26.2  25.8

Goiter size (g)  13.6  8.0  21.0  18.6
Thyroid peroxidase Ab 
(U/ml)

208.9  132.0 194.0  172.3

Thyroglobulin Ab (U/ml)   74.4  102.8 128.0  175.3
TSH receptor Ab   0.9  2.7    0.0  0.0
24-h RAIU (%)  28.3  20.1  12.8  9.1
24-h iodine intake (g) 555.7  302.2 264.9  289.7
Urine iodine excretion 
(mg/l)

   3.5  1.6    1.2  0.4*

T3 (ng/dl) 120.3  28.0  75.9  40.4*
T4 (g/dl)    7.9  1.1    5.2  3.6
fT4 (ng/dl)   0.8  0.2    0.8  0.5
TSH (mIU/ml)  14.3  12.6 123.1  156.5*

Notes: In a comparison of the clinical characteristics at baseline 
in the patients with iodine restriction, the pretreatment iodine 
intake in the recovery group (patients who recovered from 
hypothyroidism to the euthyroid state spontaneously after 
12-week iodine restriction) tended to be higher than that of 
the nonrecovery group (patients who did not recover from 
hypothyroidism to the euthyroid state after 12-week iodine 
restriction), but the difference was not statistically significant. 
Urinary iodine excretion, which is an objective indicator of the 
iodine intake level in the recovery group, was significantly higher 
than that of the nonrecovery group (P  0.01). The initial serum 
total T3 levels were higher in the recovery group than in the 
nonrecovery group (P  0.05), whereas the serum TSH levels 
were higher in the nonrecovery group than in the recovery group 
(P  0.01). Data are meansSD. Ab, antibody; TSH, thyroid 
stimulating hormone; RAIU, radioactive iodine uptake.
*P  0.05 recovery group vs. nonrecovery group by independent 
t-test.

Table 77.4 World Health Organization daily intake: optimal 
iodine nutrition

Population subgroup Amount (g/day)

Adults 150
Pregnancy and lactation 200
Children (6–12 years) 120
Infants (0–5 years)  90

Notes: A teaspoon of iodine is all a person requires in a lifetime. 
However, the thyroid gland does not have the capacity to store 
this amount, so small amounts of iodine must be consumed 
regularly in the diet. The World Health Organization recommends 
the above daily intake for optimal iodine nutrition.

Table 77.5 Key points

Favorable conditions to the success of dietary iodine restriction  
in treating hypothyroidism
 Relatively mild hypothyroidism
 High radioactive iodine uptake
 High 99mTc uptake
 Increased free plasma iodine
 Increased free urinary iodine excretion
 Presence of goiter

l The success rate of dietary iodine restriction alone with-
out thyroid hormone replacement seems to be approxi-
mately 50–80% in patients with hypothyroidism due to 
Hashimoto’s thyroiditis and other causes.
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Abstract

Sweden has had iodine supplementation since 1936; thus, 
an adult in Sweden today has experienced lifelong expo-
sure to iodine. We collected data from a population on 
the west coast of Sweden for several studies. We found a 
median urinary concentration of 190 g/l in this popula-
tion showing adequate iodine intake. In 2000, the mean 
24-h 131-I uptake was 21%, lower than the 38% in 1955. 
Also in 2000, thyroid ultrasonography and scintigraphy 
showing that the prevalence of goiter (.25 ml) in adults 
aged 60–65 was 7%; and scintigraphy in 3 of 62 individu-
als studied (4.8%) had thyroid nodularity. In vivo X-ray 
fluorescence analysis of the thyroid iodine content showed 
a pronounced variation among the 37 euthyroid indi-
viduals studied (total iodine 0.9–20.2 mg, mean 5.2 mg). 
Prevalence of various thyroid diseases in this population 
was as follows: TPOAb, 18% (women) and 7.3% (men); 
in women 50–72 years the prevalence of autoimmune 
hypothyroidism was 3.3%;and 2.5% for hyperthyroidism. 
The incidence of thyroid cancer (cases/100000/year) was 
stable in the period 1971–2005, with about 4.6 for women 
and 2.0 for men. We conclude that, in a population with 
lifelong iodine supplementation, the prevalence of goiter is 
low and the prevalence of thyroid autoimmune disease is 
higher than in a community with low iodine intake. The 
iodine content of the thyroid is highly variable among indi-
viduals, even in a population with adequate iodine intake.

Abbreviations

ICCIDD  International Council for Control of 
Iodine Deficiency Disorders

n Number of individuals
TPOAb  Thyroperoxidase antibody (antibody 

toward the thyroid gland)
WHO World Health Organization
24 h IU 24 h iodine uptake

Introduction

Before the introduction of iodine supplementation, 
Sweden was an iodine-deficient country, as described by 
Höjer in the monograph “Kropfstudien” (Höjer, 1931) 
(Figure 78.1). After a successful trial using iodine supple-
mentation to prevent the development of goiter in school-
children in the cities of Sandviken and Falun (situated in 
the northeastern part of Sweden, by the Baltic coast) from 
1924 to 1929, the Swedish National Board of Health rec-
ommended nationwide iodine supplementation of 10 mg 
iodine per kilogram salt in 1936. In a later small study  
carried out in 1960, it was concluded that the iodine con-
tent of supplemented table salt was insufficient to prevent 
goiter. Therefore, since 1966 the recommendation has 
been 50 mg iodine per kilogram of table salt.

As of 2006, the supplementation program has been in 
effect for 70 years, and Sweden is thus a country where it 
is possible to study the effect of lifelong iodine supplemen-
tation in an adult population. There are several parameters 
regarding the effect of an iodization program that can be 
studied in a population, such as urinary iodine concen-
tration (spot or 24 h), iodine uptake and intrathyroidal 
iodine content. These parameters reflect various aspects 
of iodine metabolism in an organism that has had suffi-
cient iodine for a long period. Furthermore, the long-term 
effect of the level of iodine intake influences the prevalence 
of benign thyroid disease and thyroid cancer. In this chap-
ter, we summarize the results of studies of various aspects  
of iodine metabolism and thyroid disease in Sweden. 
Because the aim of this summary is to describe the  
consequences of lifelong iodine supplementation, we will 
concentrate on adults. Furthermore, the consequences  
of iodine deficiency in pregnancy are discussed elsewhere 
in this book. Most of the studies were performed in  
the small community of Mölnlycke in western Sweden 
where the population studied consists of a fairly  
homogeneous group that has been stationary in the region
(Figure 78.2).
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Studies from Adults with Lifelong 
Iodine Supplementation
Estimation of iodine consumption in Sweden

The mean daily intake of salt in Sweden in 2006 was 12 g, 
corresponding to 60 g iodine. It has been estimated that 
about 75% of Swedish households use iodine-supplemented 
salt, whereas the use of iodized salt in ready-made food 
is limited and rapidly diminishing, because of European 
Union restrictions. High intake of sodium chloride and its 
association with hypertension has been recognized by the 
National Food Administration of Sweden, and a long-term 
program to reduce the total daily intake to 5 g of salt has 
now been launched.

The most important sources of iodine are fish from the 
sea (including the Baltic) and dairy products; Swedish 
cows receive iodine-supplemented food during a large part 
of the year.

Choosing iodine-supplemented salt is voluntary in 
Sweden, and information regarding the effect of iodine 
supplementation is lacking from table salt packaging. Many 
individuals may avoid salt because they avoid additives 
(e.g., iodine) that have unknown effects on them. Studies 
have shown that 80–90% of producers of ready-made 
food use noniodized salt, whereas approximately 75% of 
Swedish households use iodized salt. A simple inquiry into 
the schools of Göteborg in western Sweden showed that 
29 out of 34 schools used noniodized salt for school meals 
(mostly lunch meals). There are few up-to-date studies 
regarding the iodine content of drinking water in Sweden.  
In a study in 1956, the iodine content from about 60 
Swedish water plants was 0.7–7.3 g/l in surface water and 
0.7–37.1 g/l in groundwater.

In 2000, we investigated the community of Mölnlycke sit-
uated on the Swedish west coast, with the objective of study-
ing iodine excretion in different age groups, including adults 

Endemy of goiter
Absent

Strong

Figure 78.1 Prevalence of goiter in Sweden in 1931 according 
to a study performed by Höjer (1931). An iodine-supplementation 
program was introduced in Sweden in 1936.

Umeå

Göteborg

Mölnlycke

Malmö

North sea

Baltic sea

Stockholm

Figure 78.2 Sweden with western Sweden and the Mölnlycke 
community. Map of Sweden showing major cities and the waters 
surrounding the country. Studies cited in this chapter concerning 
individuals having lived their entire life under iodine-sufficient con-
ditions were primarily performed in Mölnlycke.
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60–65 years old. The result indicates that iodine intake in 
this area in this age group is sufficient, with a median urinary 
spot concentration of about 190 g/l (number of individuals, 
n  57) (Milakovic et al., 2004).

There are no recent studies regarding the iodine intake 
of the entire Swedish population, whereas the iodine intake 
generally has been classified as “probably sufficient” because 
of long-running iodine program. Our group’s major study 
of iodine status in Sweden is near completion. It consists of 
about 900 schoolchildren randomly selected from all over 
Sweden, following the World Health Organization (WHO) 
criteria. Data shows that the median urinary concentration 
(spot) is 125 g/l (Anderson 2008).

It should be noted that spot urine measurement only gives 
information regarding the iodine intake of the entire popula-
tion. A 24-h iodine measurement gives individual informa-
tion; however, it still only elucidates current iodine intake 
because it is a measure of the exchangeable iodine pool.

Iodine uptake tests

The uptake of iodine, measured as 24-h 131-I uptake 
(24 h IU), gives information about the iodine status in the 
individual, where increased uptake in a euthyroid individ-
ual indicates iodine deficiency. Uptake measurements in a 
population have also been shown to mirror the iodine sta-
tus of a region (Pittman et al., 1969; Nelson et al., 1970; 
Keeling and Williams, 1972). Zvonova (1989) has further-
more demonstrated an association between 24 h IU and 
the daily intake of stable iodine in a person, which can be 
calculated according to a formula:

U
In24

70

70
=

+

where In is iodine intake in micrograms iodine per day.

In a study from western Sweden carried out in 2000, we 
performed a 24 h IU test in a population of 44 euthyroid 
participants aged 60–65 years (Milakovic et al., 2006a). 
The result was compared to those of a Swedish study from 
1955, the time just before the adjustment of iodine sup-
plementation (Larsson, 1955).

We found in the year 2000 study that the mean 24 h IU 
was 21% (range 11–33%), and the reference (central 95%) 
interval was 14–30%. In 1955, the 24 h IU was 38% 
(range 10–70%, n  102). There was thus a pronounced 
decrease in 24 h IU in 2000 compared to the observations 
made 45 years earlier. Furthermore, it was concluded that 
the study population had a narrow range compared to the 
population from the 1955, when iodine supplementa-
tion was lower (Figures 78.3 and 78.4). This narrow range 
may indicate a homogeneous iodine intake in the popula-
tion. Using the equation of Zvonova, the mean uptake in 
2000 corresponds to an iodine intake of about 260 g/day 
(range 175–600 g/day) compared to 100 g/day (range 
40–160 g/day) in 1955 (Figure 78.5).

The results from western Sweden can also be compared 
with observations from England (London), where data 
from 1958 compared to data from 1972 showed 24 h 
IU results of 38% and 31%, respectively (Keeling and 
Williams, 1972). Likewise, the introduction of iodized 
bread in New York decreased the 24 h IU from 15–40% to 
5–15% (Sachs et al., 1972).

Thyroid scintigraphy and ultrasonography

It has long been recognized that the prevalence of goiter, and 
especially development of nodular goiter, is higher in areas 
where people grow up with iodine deficiency. Although 
recent investigations have led to the insight that multi-
nodular growth may also be a true benign neoplasm that 
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Figure 78.3 24 -h 131-I uptake measurements were performed in 2000 concerning 44 euthyroid individuals aged 60–65 years. The 
mean uptake was 21% (range 11–33%) and the reference (central 95%) interval was 14–30%.
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can develop regardless of iodine supply, iodine deficiency 
still is the major cause of multinodular goiter (Derwahl 
and Studer, 2000). In a study of 54 individuals aged 60–65 
years in western Sweden (Milakovic et al., 2004, 2006a), 
the median thyroid volume (determined by ultrasound) 
was 14 ml (range 7–33 ml), and the prevalence of goiter 
(.25 ml) was 7%. Scintigraphy examination suggested 
multinodular growth in 3 of 62 individuals (4.8%). These 
prevalence figures are low compared to figures from areas 
with a lower iodine intake. For example, in a study from 
southern Italy, an area with low median urinary excretion 
of 72.2 g/l; (Valentino et al., 2004), enlarged thyroid 
glands were found in 16% and structural thyroid abnor-
malities in 30% of the studied population. In a study from 
Germany from an area with insufficient iodine intake, the 
prevalence of goiter in adults was 50%, with focal lesions 
in 30% of women over the age of 30 (Hampel et al., 1995). 
The low prevalence of goiter and thyroid nodularity in the 
study group from western Sweden may be the result of an 
adequate iodine supply for the entire period of growth of 
the individual.

Intrathyroidal iodine content by X-ray 
fluorescence analysis (see also Chapter 3)

The thyroid gland can store varying amounts of iodine 
bound to the thyroglobulin molecules in the colloid. It 
might be postulated that in iodine sufficiency, the stored 
iodine would be generally high in the population. X-ray 
fluorescence is a noninvasive method that can be used to 
determine the iodine content of the thyroid gland. This 
approach to analyzing intrathyroidal stable iodine content 
was first introduced by Hoffer et al. (1968) and has since 

been used sporadically to obtain information about the 
stable iodine pool (Jonckheer, 1978; Reiners et al., 1998). 
In a study from western Sweden, the right thyroid lobe of 
37 euthyroid individuals aged 60–65 years was studied. 
The result showed a mean thyroid iodine concentration of 
0.4 mg/ml, corresponding to mean total iodine content in 
the entire thyroid of 5.2 mg. There was a pronounced dif-
ference in the thyroid iodine content among the individu-
als in this euthyroid study group, with a calculated total 
thyroid iodine content ranging between 0.9 and 20.2 mg 
(Milakovic et al., 2006b).

No correlation was found between stored iodine and 
iodine-uptake values. Evidently, euthyroid individuals can 
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Figure 78.4 24 h 131-I uptake measurements performed in 1955 concerning 102 euthyroid adult individuals. Mean uptake was 38% 
(range 10–70%), thus higher than in 2000.
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have a low or a high thyroid iodine store in a situation 
with sufficient iodine supply for their entire lifespan. The 
amount of stored iodine would, however, be of importance 
under iodine restriction or in a situation with a pronounced 
iodine requirement, such as pregnancy.

Prevalence of benign thyroid disease

The prevalence of thyroperoxidase antibody (TPOAb) in 
Swedish women is 18%, and in Swedish men it is 7.3% 
(Zetterberg, 1993, personal communication). In a study 
of Swedish women from western Sweden, aged 50–72 
years, the prevalence of spontaneous hypothyroidism was 
3.3%; and for hyperthyroidism, it was 2.5% (Petersen  
et al., 1991).

In the same group of women, the incidence of hyperthy-
roidism was 1.3 cases/1000/year and of hypothyroidism 1.0 
cases/1000/year. These data can be compared to data from 
studies from Denmark (Laurberg et al., 2006), which show 
that only a small difference in iodine intake is associated  
with a large difference in incidence of overt hyper- and 
hypothyroidism. Thus, the incidence rate of hyperthy-
roidism for women in a region with moderate iodine defi-
ciency (urinary iodine 45 g/l) was higher than in a region 
with mild iodine deficiency (urinary iodine 61 g/l):  
1.5 cases/1000/year compared to 1.0 cases/1000/year. In 

contrast, the incidence of hypothyroidism is lower in the 
region with moderate iodine deficiency compared to the 
region with mild deficiency: 0.44 cases/1000/year com-
pared to 0.61 cases/1000/year.

Thyroid cancer and lifelong iodine 
supplementation

Cancer epidemiology from western Sweden compared to 
Sweden overall during the period of 1971–2005 is depicted 
in Figure 78.6 (Vårdprogram Tyreoideacancer, 2005).

It can be seen in Figure 78.6 that the incidence of thy-
roid cancer (all forms) is at the same level today as in 
1971, with about 4.6 (women) and 2.0 (men). The 
overall thyroid cancer incidence in Sweden is somewhat 
higher than the incidence reported from the UK (number 
of cases/100000/year): 1.4 (men) and 3.7 (women), 
respectively (Office for National Statistics Registrations, 
UK, 2006) but clearly lower than that reported in the 
United States: 4.3 (men) and 12.5 (women), respec-
tively. In the US, an increase in incidence of about 
4.8% was observed from 1992 to 2002 National Cancer 
Institute. The increase in thyroid cancer incidence has 
been postulated to be correlated with an increased iodine  
intake in a population. There is a suggested increase in 
thyroid cancer of the papillary type about 20 years after the  
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Figure 78.6 Age standardized incidence (cases per 100,000 inhabitants per year) of all thyroid cancer during the period 1971–2005 
in western Sweden (inhabitants 1.6 millions) compared to Sweden in total. There is neither any observable trend for the different time 
periods nor can a difference be observed between western Sweden and Sweden in total.
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onset of iodine supplementation (Zaichick and Zaichick, 
1997). This relationship was identified in a study from 
Lower Franconia from 1981 to 1995, in which the intro-
duction of iodine prophylaxis was shown to influence 
distribution of the histological type of thyroid cancer. 
There was an increase of the papillary type of differenti-
ated thyroid cancers, in contrast to the follicular and ana-
plastic types, which seemed to decrease with higher 
iodine intake in the population (Farahati et al., 2004). 
From Austria, it has been reported that after the intro-
duction of an iodization program, the weight of benign  
goiter removed by surgery diminished, whereas the inci-
dence of thyroid cancer rose from 2.6 to 6.8% (Riccabona 
et al., 2005).

Iodine deficiency may also have had a promoting effect 
on thyroid cancer development after the Chernobyl acci-
dent (Shakhtarin et al., 2003). As a result of this accident, 
there may have been a combined effect of radiation dose 
and iodine deficiency in which iodine deficiency doubled 
the excess relative risk for cancer per Gray (Gy).

Increased radioactive fallout was first observed by the 
control system of a nuclear power plant on the east coast 
of Sweden after the Chernobyl accident. Nonetheless, no 
increase has later been observed in thyroid cancer inci-
dence among children in that special region, emphasizing 
the importance of iodine sufficiency.

Discussion and Conclusions

Sweden has had iodine supplementation since 1936; thus, an 
adult today has experienced lifelong iodine supplementation. 
We employed several approaches to study the effect of an 
iodine-supplementation program (Table 78.1).

The most important effect of an iodine-supplementation 
program is the prevention of the consequences of iodine 
deficiency in pregnancy, an aspect not covered in this review. 
An increase in iodine intake has a general effect on the thy-
roid gland. The iodine supply modulates the growth of the 
thyroid gland and affects thyroidal iodine metabolism.  
A well-known effect of iodine supplementation in adults is a 
reduced prevalence of goiter. An increase in iodine intake may 
also lead to changes in the picture of thyroid disease, with 
an increase in the prevalence of thyroid autoimmune disease 
and changes in the incidence of thyroid cancer, with a pos-
sible increase in papillary cancer incidence and a decrease in 
less-differentiated forms. A prolonged period of adequate and 
stable iodine intake promotes a state of equilibrium between 
the need for and supply of iodine that seems to be independ-
ent of the amount of iodine stored in the thyroid. This study 
supports the general belief that Sweden is now an iodine-
sufficient country. However, it must be emphasized that 
during the last decades a large number of immigrants from 
several countries with iodine deficiency have been added to 
the Swedish population. Due to this and to changing lifestyles, 
the iodine status of a population must be checked regularly,  

Table 78.1 Summary of investigations regarding iodine status 
in Sweden (for references see text)

Parameters Result Number Age group

Urinary spot analysis Median 190 g/l 
(range 95–347)

57 60–65

24 h iodine uptake Mean 21%  
(range 11–13%)

44 60–65

Multinodular growth  
by scintigraphy

4.8% 62 60–65

Volume by 
ultrasonography

Median 14 ml 
(range 7–33)

54 60–65

Intrathyroidal iodine
  Concentration  

by XRF
Mean 0.4 mg/ml 37 60–65

 Total 5.2 mg (range 
0.9–20.2 mg)

37 60–65

Hypothyroidism
 Incidence (women) 1.0 cases per 

1000 and year
1300 50–72

  Prevalence  
(women)

3.3% 1300 50–72

Anti-TPO prevalence 18% (women), 
7.3% (men)

800 All ages

Hyperthyroidism
 Incidence (women) 1.7 cases per  

1000 and year
1300 50–72

  Prevalence  
(women)

2.5% 1300 50–72

Thyroid cancer
  Incidence men, 

western Sweden
2.0 per 100,000 
and year

Approx. 
0.8  106

All ages

  Incidence women, 
western Sweden

4.6 per 100,000 
and year

Approx. 
0.8  106

All ages

Notes: Summary of investigations concerning different parameters 
describing the iodine status and thyroid diseases in western 
Sweden, where most study objects have lived their entire life 
under iodine supplementation.

the International Council for Control of Iodine Deficiency 
Disorders (ICCIDD) recommends 5-year intervals.

Summary Points

l Sweden has had an iodine-supplementation program 
since 1936.

l Studies of urinary iodine indicate that iodine intake in 
the population is adequate.

l The uptake of iodine in the thyroid gland (21% in 
24 h) is lower than in a Swedish population studied 45 
years earlier (38%), showing the long-term adaptation 
to an environment higher in iodine. These figures cor-
respond to an intake of iodine of about 260 g/day in 
2000 compared to 100 g/day in 1955.

l The prevalence of goiter is 7% in adults in western 
Sweden, which is lower than in areas with low iodine 
intake (where it is often about 30%).

l The prevalence of thyroid autoimmune disease may be 
slightly higher than in populations with a low iodine intake.
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l Thyroid cancer incidence has been stable for the period 
1971–2006.

l Intrathyroid iodine levels may vary in a population 
which has been iodine-sufficient for a long period.
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Abstract

The importance of iodine in the treatment of goiter is the 
outcome of studies of the nineteeth century, but its prophy-
lactic use in the prevention of goiter and associated iodine 
deficiency disorders (IDD) was initiated only in the next cen-
tury. Earlier iodization programs failed and fell into disrepute 
because of the use of overdoses of iodine, which results in 
excessive secretion of thyroid hormone, leading to a number 
of disorders. The first large-scale trial of an iodization pro-
gram was initiated in Akron, Ohio, USA, during 1916–
1920, where potassium iodide solution was supplemented 
directly to goitrous girls; this led to reduction of goiter size 
without any side-effects. Following this study, the idea of 
supplementing iodine in the form of potassium iodide with 
food on a daily basis developed. Accordingly, iodized salt 
was supplemented to prevent endemic goiter in Switzerland 
(1920–1934), followed by Michigan (1924–1937). Follow-
up studies in those areas showed encouraging effects of this 
program in the declining prevalence of goiter and associated 
disorders. Based on those studies, a large-scale iodization 
program was conducted using potassium iodide and iodate 
supplements through salt in 1956 in the Kangra Valley of 
Himachal Pradesh, a classical goiter-endemic belt of India. 
Six years after the iodization program, goiter prevalence was 
found to have decreased markedly; besides, 131I uptake and 
excretion of urinary iodine had become normal, which indi-
cated a state of normal thyroid function and iodine nutrition. 
On an urgent basis, iodized oil was injected to correct iodine 
deficiency in severely goiter endemic and cretin-prevalent  
New Guinea during 1966–1970. A follow-up study three 
years later showed that besides goiter and cretinism, iodiza-
tion can prevent still birth, child mortality and even mental  
retardation. A single injection of iodine even give can  
cretin couple a normal child, as was found in Central Java. 
Iodine supplementation through irrigation water may pro-
tect against reproductive damage. This program also has 
the potential to prevent socioeconomic retardation of the 

affected iodine-deficient communities, by not only acting 
on human health, but also protecting the well-being of the 
livestock population, as observed in Jixian village in China. 
Iodine supplementation may cause adverse effects under 
certain conditions; besides, iodization programs have limita-
tions, specially in environmentally goitrogen-rich areas.

Abbreviations

DNA Deoxyribonucleic acid
131I Radioactive iodine
ICCIDD  International Council for Control of 

Iodine Deficiency Disorders
IDD Iodine deficiency disorders
IIH Iodine-induced hyperthyroidism
T4 Tetra-iodothyronine
UNICEF  United Nations International Children’s 

Emergency Fund
WHO World Health Organization

Introduction

Iodine was isolated from ashes of the seaweed Fucus vesicu-
laris by Courtois in France in 1813. Subsequently in 1820, 
Coindet recommended iodine for the treatment of goiter and 
submitted a report to the Swiss Society of Natural Sciences in 
Geneva. There was marked opposition to this,  because of the 
occurrence of symptoms of toxicity (heart disorders, wasting 
diseases and disturbed menstruation) due to excessive thyroid 
secretion. Later, Coindet was very careful in the selection of 
dosage and found no toxic effects in patients he had treated. 
Jean Louis Prevost (1790–1850) observed that very low doses 
of iodine (0.9–2.0 mg) were sufficient to cause some regres-
sion of goiter and concluded that goiter might be caused 
due to deficiency of iodine or bromine in water, and the 
condition might be prevented by giving iodine supplements.  
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Boussingault (1825) observed that the local people of Guaca, 
Antioquia, who consumed salt obtained from an abandoned 
mine have no goiter; he analyzed this salt and found large 
quantities of iodine in it and subsequently suggested for the 
first time in 1833 that iodized salt be used for the preven-
tion of goiter. Prevost, with an Italian scientist A.C. Maffoni, 
put forward the theory that goiter is due to iodine deficiency. 
Finally, the presence of iodine in the thyroid gland was dem-
onstrated by Bauman in 1895.

In France, the first controlled experiment using salt for-
tified with 0.1–0.5 g potassium iodide per kilogram of salt 
was carried out on goitrous families. The treatment, how-
ever, fell into disrepute because of symptoms of excess thy-
roid secretion due to high dosage.

Present-day iodization programs for the prevention and 
control of goiter are based on the work of David Marine, 
who in 1915 declared that “endemic goiter is the easiest 
known disease to prevent.” In the same year, Hunziger 

in Switzerland recommended iodized salt be used for the 
 control of goiter.

Iodization Programs

Once it is established that iodine supplementation is nec-
essary, the decision about the best way to provide it is 
important. There are different ways to provide iodine sup-
plementation through food, viz., salt, oil and water. The 
efficiency of iodization programs using different vehicles 
and their impact on the prevention and control of iodine 
deficiency disorders (IDD) in different countries have been 
discussed.

Iodine prophylaxis in Akron, Ohio, USA 
(1916–1920)

During the period 1916–1920, the first large-scale trials with 
iodine were carried out in Akron, Ohio, USA by Marine 
and Kimball (1922). In this investigation, about 5000 girls 
in the age group 11–18 years took part. In the studied pop-
ulation, 0.2 g of sodium iodide in water was given for 10 
days in spring and 10 days in autumn (i.e., 0.4 g in a year) 
to 2190 subjects, while the remaining 2305 were kept as 
control. The results are summarized in Table 79.1.

Thus, both the prophylactic and the therapeutic effects 
were impressive. Iodism (sensitivity to iodine indicated by 
a skin rash) was very rare (only in 11 cases) in spite of the 
extremely large doses of iodine; the symptoms disappeared 
within a few days after withdrawal of the sodium iodide 
supplement.

Impact of iodized salt in Switzerland 
(1920–1934)

The prevalence of goiter and cretinism was high through-
out Switzerland because it is in the elevated region of 
the European Alps. In 1923, the Canton of Berne with a 
population of about 700000 had to hospitalize 700 cretins 
who were incapable of self-care. However, following the 
introduction of iodized salt, the prevalence of goiter fell 
sharply. Later, deaf and dumb institutions were closed and 
diverted to other institutions. A great decline in goiter was 
also seen among schoolchildren in the Canton of Valais, 
where the problem was very severe (Table 79.2).

Table 79.1 Results of iodine prophylaxis in Akron, Ohio, USA, 
during 1917–1919

With iodine Without iodine

Size of thyroid Number % Number %

Normal
 Unchanged 906 99.8 910 72.4
 Increased 2 0.2 347 27.6
Slightly enlarged
 Unchanged 477 41.9 698 72.8
 Increased 3 0.3 127 13.3
 Decreased 659 57.8 134 13.9
Moderately enlarged
 Unchanged 29 20.3 57 64.0
 Increased – – 21 23.6
 Decreased 114 79.7 11 12.4
Total 2190 100.0 2305 100.0

Source: Marine and Kimball (1922).
Notes: In the group that received sodium iodide, out of 908 
girls with a normal thyroid prior to treatment, only 2, i.e., 0.2% 
developed goiter, whereas of 1257 girls of the control group 
who had normal thyroid, goiter appeared in 347, or 27.6%. In 
the treated group, 773 girls out of 1282 with goiter, i.e., 60.4%, 
showed a considerable decrease in the size of the thyroid, 
while in the control group, spontaneous regression of the goiter 
occurred only in 145 out of 1048 girls, i.e., 13.8%.

Table 79.2 Prevalence of goiter among schoolchildren in the Canton of Valais

Period
Normal  
thyroids (%)

Palpable  
thyroids (%)

Enlarged  
neck (%)

Pronounced  
goiters (%)

1920 (before introduction of 
 iodized salt)

28.8 54.3 14.9 2.0

1934 (10 years after introduction 
 of iodized salt in 1924)

70.5 27.3 2.1 0.15

Source: Kelly and Snedden (1960).
Note: The state of the thyroid gland before and after iodine prophylaxis showed that the number of 
individuals with euthyroid increased, and palpable thyroid decreased, along with a decreased population 
with enlarged neck and pronounced goiter.
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Iodine prophylaxis in Michigan (1924–1937)

Surveys on goiter in schoolchildren and on the iodine 
content of drinking water were conducted for the first 
time in four representative counties, namely, Houghton, 
Wexford, Midland and McComb. The prevalence of goiter 
was 38.6% among the 65537 school children studied. Salt 
containing potassium iodide (1 part in 5000) was intro-
duced, and by 1929 the prevalence rate was reduced to 
9% (Kimball, 1937). Brush and Altland (1952) conducted 
follow-up surveys on 53785 subjects in the same counties 
and found only 1.4% goiter prevalence.

Effectiveness of iodine prophylaxis in the 
Kangra Valley, India (1956–1972)

In order to substantiate the role of iodine deficiency as 
the causative factor of endemic goiter in the Himalayan 
belt and to study the effectiveness of iodine prophylaxis, 
a prospective study was organized in 1956 in a population 
of approximately 100000 persons in the Kangra Valley 
of Himachal Pradesh in India (Table 79.3) (Sooch and 
Ramalingaswami, 1965; Sooch et al., 1973).

In 1972, spot checking of goiter prevalence in iodized 
salt areas showed negligible prevalence of goiter among 
school children, while 131I uptake and excretion of urinary 
iodine had become normal, indicating a state of normal 
thyroid function and iodine nutrition.

Following this study, the government of India between 
1962 and 1965, with the financial assistance of UNICEF, 
installed 12 iodization plants in different parts of the coun-
try. The concentration of iodate in salt was 25 ppm. Iodate 

supplementation at this concentration amounts to 250 g, 
which is equivalent to 150 g of iodine. In India, the aver-
age daily consumption of salt per head is 10–15 g, which 
gives 225 g of iodine per day (Pandav and Kochupillai, 
1982).

Effectiveness of iodization in New Guinea 
(1966–1970)

New Guinea is a mountainous island situated to the north 
of Australia and at the eastern end of the Indonesian 
Archipelago. Its people are split into many tribal groups, 
who live in villages physically cut off from one another. The 
villagers depended on food grown in areas around the village. 
There was high rate of goiter and cretinism. The goiter rate 
was found to increase with altitude. Cretinism was found to 
occur when the goiter rate was above 30%. The prevalence of 
cretinism was 1–10% in individual villages (Hetzel, 1989).

There was controversy about the relationship between 
iodine deficiency and neurological cretinism. The appar-
ent disappearance of cretinism in southern Europe without 
any iodized salt program suggested that it was not related 
to iodine deficiency. In 1964, there was an opportunity to 
investigate this question in New Guinea, because of the 
availability of a new method for the correction of iodine 
deficiency; that is, injections of iodized oil (lipidol) were 
made available.

The trial was set up during the first census in the Jimi 
River district north of Mount Hagen in the Western 
Highlands of New Guinea in September 1966. Alternate 
families were given injections of iodized oil or saline. 
Follow-up studies were carried out at regular intervals. An 
assessment of all children born to mothers without knowing 
who had received iodized oil or saline was carried out. The 
results of follow-up studies became available by the end of 
1969 and are shown in Table 79.4 (Pharoah et al., 1971).

Table 79.3 Effect of iodized salt on the prevalence of goiter in 
schoolchildren of the Kangra Valley, India

Prevalence of goiter (%)

Zone Sex 1956 1962 1968

A Male 34.1 (2019) 19.3 (2539)  7.5 (1683)
Female 51.4 (510) 18.4 (956) 10.4 (822)

B Male 34.2 (1605) 39.8 (3262) 17.2 (1507)
Female 51.7 (422) 41.5 (1282) 17.0 (1032)

C Male 36.0 (2338) 14.5 (2527)  8.4 (1821)
Female 47.4 (626) 14.9 (893) 10.6 (856)

Source: From Sooch et al., (1973).
Notes: The Kangra Valley is in the Himalayan foothills. The study 
region was divided into A, B, and C zones. After a baseline survey 
in 1956, the salt distributed to zones A and C was fortified with 
potassium iodide and potassium iodate, respectively, while zone 
B was supplied with unfortified salt. The salt fortification was at a 
level that supplied approximately 200 g of iodine per person per 
day. After 6 years of iodization, in 1962, a marked decrease in the 
prevalence of goiter was observed in zone A (from 38% to 19%) 
and zone C (from 38% to 15%) without any significant change 
in zone B. Six years later, in 1968, a systematic survey of goiter 
prevalence showed a further reduction in zones A and zone C 
(8.5% and 9.1%, respectively).

Table 79.4 Pregnancy outcome in the controlled trial of iodized 
oil in the Jimi River district in the Highlands of Papua New Guinea

Children

Mother Birth Examined Normal Death Cretina

Untreated 534 406 380 97 26
Iodized oil injected 498 412 405 66  7

Source: Pharoah et al., (1971).
Notes: The results indicated that cretins had disappeared from the 
offspring of mothers who had received iodized oil injection, but 
continued to reappear in those who received saline. Six cretins 
were born following iodized oil injection in all cases, except one in 
which the mother was pregnant at the time of injection of iodized 
oil. From the study it was concluded that an iodized oil injection 
before pregnancy could prevent cretinism. In addition, infant 
deaths were reduced in the iodized-oil-administered group, which 
indicated an effect of iodine deficiency on survival of the fetus.
aPregnancies were already established when mothers were 
injected with iodized oil (six cases) or with saline (five cases).



This finding showed that besides goiter and cretin-
ism, still births and infant mortality could be prevented by 
iodine supplementation. Further follow-up studies on the 
same group were carried out, and the question arose as to 
whether there is any effect of iodine deficiency on brain 
development and whether that can be prevented by iodized 
oil injection (Connolly et al., 1979). A group of children 
were then tested in the Jimi River district without knowl-
edge of whether they had been exposed to iodine deficiency 
in pregnancy. It was observed that those children exposed to 
iodine deficiency, aged 10–12 years at the time of the study, 
did not show good performance in psychomotor tests com-
pared with those children who were not exposed to iodine 
deficiency in pregnancy, as their mothers had received an  
injection of iodized oil; whether such differences in psycho-
motor tests had any relation to the level of maternal thy-
roid hormone during pregnancy. Later, it was established 
that psychomotor performance was significantly related to 
maternal thyroxine (T4) level (Pharoah et al., 1984).

These studies reveal a broad spectrum of effects on fetal 
development, ranging from mortality to cretinism, and 
psychomotor defects due to retarded brain development 
in apparently normal children. All such consequences may 
be prevented by supplementing iodine in mothers prior to 
pregnancy.

Iodine gives a cretin couple a normal child in 
Sengi, Central Java (1973–2001)

In 1973, the Sengi village in Central Java had about 87% 
of the population with low serum thyroid hormone levels.  
The signs of clinical or subclinical hypothyroidism among 
the people were common, and 9% were cretin. The village 
was so quiet that there were no activities observed by visi-
tors; everyone looked lethargic. No child was found play-
ing in front of their houses. No child had finished their 
6 years of primary school, and the drop-out rate was very 
high. This was due to central hypothyroidism.

On April 17, 1973, for the first time the people of the 
village received an injection of iodized oil. Following this, 
dramatic changes were observed within a year. Children 
turned lively, playing happily in front of their houses, and 
group activities like volleyball, badminton and chess began 
to be organized. Most surprising was that at the end of 
1974, the people of Sengi received the honor for the best 
volleyball and chess players in the subdistrict competition 
among villages. In subsequent years, the school drop-out 
rate fell dramatically. Besides, many students passed pri-
mary, secondary and high-school examinations, and some 
were even admitted to universities. Fishing and farm-
ing were enhanced, and the community started export-
ing fish and vegetables regularly. Public activity increased. 
Consequently, socioeconomic condition improved.

In the same village, a person who was a hypothyroid 
cretin but was not mentally retarded, felt himself healthy 

enough to marry. His wife was a neurological cretin. In the 
meantime, iodine deficiency in the village had been corrected 
by injection of iodized salt. This couple had now healthy 
sons. They grew up and developed normally, both physi-
cally and mentally. One of them died in a road accident. 
Among others, one ranked first in a high-school examina-
tion in Semarang and almost finished his B.Sc. in Chemistry 
at Diponegoro in 2001, while his younger brother, who was 
born in 1983, ranked first among 49 pupils in a high-school 
examination. All these observations revealed the difference 
in all aspects of life that had taken place after a single injec-
tion of iodine (Djokomoeljanto, 2001).

Effective iodine supplementation in Jixian 
Village of China (1978–1986)

Iodine deficiency affects the socioeconomic development 
of an afflicted community in other ways than its important 
physiological manifestations, viz., goiter, hypothyroidism, 
cretinism, reproductive failure, and child mortality, among 
others. The socioeconomic retardation of the affected com-
munity occurs in two ways. People are mentally slower and 
less vigorous, so it is harder to educate and motivate them, 
and thus they are less productive in their work. Besides, 
iodine deficiency produces more handicapped individuals 
who depend on others for their care, which in turn diverts 
the community resources. Secondly, in most of the areas, 
agriculture is the most important economic activity, and 
domestic animals suffer from iodine deficiency in much 
the same way as people do. Therefore, domestic animals are 
smaller in size and produce less meat, eggs and wool. They 
also suffer from abortion and are often sterile.

An example of the effects of iodine deficiency and its cor-
rection on socioeconomic conditions is shown in Table 79.5. 
The data presented here were obtained from a small rural 
village named Jixian in Heilongjiang Province, China, stud-
ied before (1978) and 8 years after (1986) the introduction 
of effective iodine supplementation (Dunn and Haar, 1990).

Iodine supplementation through irrigation 
water protects damaged reproduction:  
the most important consequence of  
iodine deficiency

Women in iodine-deficient areas face increased demands 
for iodine during both pregnancy and lactation, which 
results in exaggerated iodine loss over years and conse-
quently causes goiter. Most often, goiter continues after 
pregnancies cease, and in later years it may become multi-
nodular. Iodine deficiency may also make the mother 
hypothyroid, with associated complications of anovula-
tion, infertility, gestational hypertension, increased first-
trimester abortion, abnormal fetal positions and still 
births. Further, hypothyroidism, infertility and fetal loss 
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may have adverse effects on her quality of life and her role 
in the family and community. A defective child resulting 
from her iodine deficiency may require long-term care, 
which wastes time and resources that could be used oth-
erwise. The consequences for the neonate are even more 
severe (Dunn and Delange, 2001).

It was found that adding potassium iodate to irriga-
tion water in western China decreased infant mortality to 
half the average of the previous years, and in comparison 
with untreated villages the odds of neonatal deaths were 
reduced by about 65% (DeLong et al., 1997).

Effects of iodine intervention and  
measurement of economic benefits in  
human populations

The effects of iodine deficiency are increased social and 
economic costs on individuals and communities. The costs 
arise from the obvious disabilities of mental deficiency 
and deaf mutism. Economic implications of those effects 
are reduced work output in the household and in the 
labor market, and the costs of medical and institutional 
care. A more critical effect on mental status is poor school 
performance by children, resulting in long-term effects 
throughout the life span (Table 79.6).

The economic costs of medical assessment for the treat-
ment of goiter and associated disorders have been studied 
in detail. A study by Pfannenstiel (1985) showed that in 
Germany, where there is still much uncontrolled IDD, the 
costs of diagnosis have been estimated at $250m per year, 
and the costs of treatment have been estimated at $300m 
per year. The cost of lost working hours because of this 
medical care was $150m. This made a total of $700m. 
These figures were confirmed by an insurance company in 
Germany.

The costs of decreased productivity due to reduced 
mental and physical energy caused by hypothyroidism, 
and the costs of follow-up after mental screening tests, are 
substantial. It has been estimated that a screening program 
in Canada in Quebec saves $3m per year.

Effects of iodine intervention in the  
livestock population

Reproductive, neurological and other defects caused 
by iodine deficiency in animal populations have been 
observed on the basis of epidemiological and laboratory-
based studies.

In naturally-occurring iodine-deficient areas, develop-
ment of the fetus has been retarded or arrested at certain 
stages of gestation, resulting in resorption, abortion, still 
birth, and the birth of weak, hairless offspring, which is 
associated with prolonged gestation and parturition and 
the retention of placental membranes. Herds of cattle with 
subnormal thyroid hormone levels have shown a high inci-
dence of aborted, still-born and weak calves (Hetzel, 1989).

Experimental work using animal models has provided 
important dimensions. The effects of severe iodine defi-
ciency prior to and during pregnancy on fetal development 
have been studied. Iodine deficiency in sheep is associated 
with increased incidence of abortions and still births. At 
the end of the pregnancy, the fetus shows reduced body 
weight, complete absence of wool growth, deformation of 
the skull and retardation of bone development. There is 
retardation of brain development, as indicated by reduced 
brain weight and reduced number of cells (as measured by 
DNA). Similar effects have been observed in marmoset 
monkeys (Hetzel, 1989) (Table 79.7).

The elimination of IDD is achievable at a very modest 
cost. The cost of iodizing salt increases the retail price of 
salt by only 5%.

Table 79.5 Effects of iodine deficiency control in Jixian Village, 
China

Before (1978) After (1986)

Goiter prevalence 80% 4.5%
Cretinism prevalence 11% No new
School ranking (of 14 
 schools in district)

14th 3rd

School failure rate .50% 2%
Value of farm 
 production (Yuan)

19000 180000

Per capita income 
 (Yuan)

43 550

Notes: Jixian village was locally regarded as the “village of idiots” 
in 1978 before an effective salt iodization programme. Eight years 
after the salt iodization programme in 1978, the productivity as 
measured by per capita income increased more than 10 times, 
the performance of the schoolchildren improved markedly, and 
for the first time, the people of the village were recruited for the 
People’s Liberation Army and girls from neighboring villages 
agreed to marry men of Jixian.

Table 79.6 Effects of iodine intervention and measurement of 
economic benefits in a human population

Effects Benefits

Reduction in:
 Mental deficiency
 Deaf-mutism
 Hypothyroidism

Higher work output in the household 
and labor market, reduced costs of 
medical and custodial care, lower 
educational cost

Source: Levin et al., (1991).
Notes: The important consequences of iodine deficiency in the 
affected human population are mental deficiency, deaf mutism and 
hypothyroidism, which increase the economic cost of treatment 
and reduce the individual/community work output/productivity. 
Iodine intervention in such communities reduced such adverse 
health effects which, in turn, increased work output both at the 
individual and at the community level, reduced the cost of medical 
assessment and treatment, and reduced educational costs.



776 Prevention and Treatment of Iodine Deficiency Disorders

Effects of Excess Iodine 
Supplementation

The beneficial effects of iodine supplementation in the 
prevention and control of developed thyroid abnormalities 
due to iodine deficiency have been discussed so far in this 
chapter. However, supplementation with excess iodine, 
including the improvement of a previous iodine-deficient 
state, may cause thyroid dysfunctions, viz., iodine-induced 
hypothyroidism/iodide goiter in susceptible subjects (Roti 
and Vagenakis, 2000) and iodine-induced hyperthyroidism 
(IIH) especially in individuals over 40 years of age and who 
have been iodine deficient for a long period in the past 
(Vidor et al., 1973). It may also increase the ratio of papil-
lary/follicular carcinomas (Slowinska-Klencka et al., 2002). 
In other words, both low and excess intake of iodine is 
related to further risk of thyroid disease. Although a daily 
intake of up to 1000 g/day by a normal adult individual 
is quite safe (WHO, 1994), the upper limit is much lower 
in a population that has been exposed to iodine deficiency 
in the past. Therefore, to prevent IDD, the recommended 
iodine requirement in an adult individual is fixed within a 
narrow range of 150 g/day (Knudsen et al., 2000). Iodine 
supplementation under certain conditions in certain popu-
lations causes adverse effects, e.g., iodide goiter and iodine-
induced hypothyroidism, IIH, iodine-induced thyroiditis 
and thyroid cancer.

Limitations of Iodization Programs

There has been a marked decline in goiter prevalence and 
an improvement in the functional status of thyroid, which 
has been achieved by normalizing iodine nutrition status 
after successful iodization programs in many countries; 
however, goiter endemicity from severe to mild degrees 
still persists in many areas, indicating the existence of 

additional factors other than iodine deficiency. Observed 
results from different areas are reviewed below.

Tasmania and Finland

Antithyroid substances in milk, even in the presence of ade-
quate iodine, were considered as etiological factors for goiter 
endemics in Tasmania and Finland. In Tasmania, a seasonal 
variation in goiter prevalence among schoolchildren was 
found despite adequate iodine intake; cheilorone, an isothio-
cyanate, was suspected as the principal goitrogen. While in 
Finland, goitrin (thiooxazolidone) present in cows’ milk was 
considered as the etiopathological factor for the persistence 
of goiter (Stanbury and Hetzel, 1980). This observation was 
further confirmed by the finding that rats fed for 1–2 years 
on milk produced in endemic goiter districts developed 
thyroid glands almost twice as large as those in control rats 
given milk produced in nongoitrous districts.

Western Colombia and Eastern Kentucky

Epidemiological studies from western Colombia and  
eastern Kentucky reveal that factors other than nutri-
tional iodine deficiency are responsible for the persistence 
of goiter in those areas (Gaitan, 1986). Further studies in 
Colombia demonstrate a positive relationship between 
goiter rate and antithyroid or goitrogenic substances 
in drinking water. Studies in 41 localities of western  
Colombia, where iodine supplementation continued 
for 10–20 years, showed that the geological aquifers and 
watersheds are significantly related to goiter prevalence 
(Gaitan, 1983; Meyer et al., 1978). It was found that the 
towns located downstream of organic-rich rocks, i.e., coal 
and shale, have the highest prevalence of goiter, while the 
population using drinking water from streams flowing 
across igneous rocks, devoid of organic matter, show a low 
goiter prevalence. These results indicate that sedimentary 
rocks rich in organic matter from coal and shales, which 
are also found in eastern Kentucky, are the sources of 
water-borne goitrogens, and are responsible for the persist-
ence of endemic goiter even after iodine supplementation.

Eastern India

Studies in India by Kochupillai (1992) have shown that 
in certain regions, in spite of effective salt iodization as 
reflected by urinary iodine excretion patterns, the preva-
lence of IDD does not decline impressively, e.g., in the 
Harakh area of Barabanki district of the Terai region of 
India. In this area, the occurrence of neonatal hypothy-
roidism continues to be as high as 6%, even though salt 
iodization has been satisfactory and urinary iodine excre-
tion patterns show adequate iodine intake. For this find-
ing, urinary thiocyanate excretion levels as an initial 
indicator for goitrogen ingestion have been measured and 

Table 79.7 Effects of iodine intervention and measurement of 
economic benefits on the livestock population

Effects Benefits

Increase in
 Live birth
 Weight
 Strength
 Health (less deformity)
 Wool coats in sheep

Higher output of meat and other 
animal products; higher animal 
work output

Source: Levin et al., (1991).
Notes: The probable costs of iodine deficiency in animal 
production can be estimated in terms of reduced milk and meat 
production, and reduced wool production, as well as reduction 
in the production of eggs and fish. Effects of iodine intervention 
on the economic benefits on the livestock population are very 
significant.
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a high level of excretion of thiocyanate was found in a sig-
nificant proportion of subjects. Peroxidase-inhibiting goi-
trogens have been suspected of interfering with effective 
utilization of iodine by the thyroid gland. To explain the 
moderate goiter prevalence even after a decade of success-
ful salt iodization in the northern states and union territo-
ries of India, relatively low iodine intake, high thiocyanate 
exposure and thyroid autoimmunity are held responsible 
(Marwaha et al., 2003).

Northeast India

The entire northeast of India is in the classical goiter-
endemic belt of India because of its location in the sub-
Himalayan region, where a universal salt iodization program 
was initiated during 1988–1989. No decrease in goiter prev-
alence was found about a decade after the implementation of 
the programme in Tripura. (Chandra and Roy, 2002). The 
people are exposed to thiocyanate load. The recommended 
level of iodine, 150 µg/individual/day, is not adequate to 
meet the need in such areas. An adequate level of iodine 
intake has been worked out to prevent and control IDD in 
Tripura, based on the existing dietary supplies of iodine and 
 thiocyanate and goiter prevalence (Chandra and Ray, 2004).

An epidemiological study in another northeastern state, 
Manipur, where an iodization program was operating 
very successfully, shows that in spite of the recommended 
iodine intake as evidenced by median urinary iodine level, 
schoolchildren are severely goiter endemic. People con-
sume food largely of a cyanogenic origin, and thus with 
high thiocyanate in relationship to iodine. This may not 
be ruled out as a cause for the presence of endemic goitre 
(Chandra et al., 2006a).

Sundarban delta

In the post salt iodization phase, endemic goiter and asso-
ciated IDD are found to be prevalent in the Sundarban 
delta and the adjoining environmentally iodine-sufficient 
areas of West Bengal in India. The severity of goiter is high 
in the studied population, although iodine nutritional sta-
tus was found to be satisfactory. The people of the region 
get iodine through iodized salt, as the iodization program 
is operating. Environmental factors other than iodine defi-
ciency, viz., high magnesium content in drinking water 
and drinking water contaminated with sedimentary rock 
and dietary thiocyanate, may possibly have a role in the 
persistence of endemic goiter in the region (Chandra et al., 
2005, 2006b).

The study of environmental goitrogenic factors other 
than iodine deficiency, in which IDD persists in spite of 
in active iodization program, is very important. Based 
on these observations, the recommended iodine level has 
to be modified to meet the adequate need and successful 
operation of the program.

Summary Points

l Isolation of iodine from natural sources, its presence in 
the thyroid gland, and its importance in the treatment of 
goiter are the results of extensive studies of the nineteenth 
century, but necessary knowledge for successful prophylac-
tic use in the prevention and control of iodine deficiency 
was initiated only in the latter part of the 20th century.

l The first large-scale prophylactic use of iodine/iodiza-
tion programs supplementing sodium iodide directly 
was carried out in Akron, Ohio, USA, during 1916–
1920 in goitrous girls, and its role in the reduction of 
goiter was established almost without any side-effects.

l Supplementation of iodine through salt in the control of 
goiter was introduced in Switzerland (1920–1934) fol-
lowed by Michigan (1924–1937); the prevalence of goiter 
fell sharply along with a decrease in associated disorders.

l To evaluate the effectiveness of salt iodization programs, 
a large-scale study was organized in 1956 for the preven-
tion of Himalayan endemic goiter in India. A follow-up 
study in 1962 showed a marked decrease in goiter preva-
lence, while 131I uptake and excretion of urinary iodine 
had become normal, indicating a state of normal thyroid.

l In 1966, iodized oil was injected in residents of Papua 
New Guinea, where the severity of endemic goiter and 
cretinism was high. A follow-up study showed that 
cretinism disappeared almost completely from the off-
spring of mothers who received iodized oil. The effect 
of iodine supplementation on the survival of the fetus 
and on their brain development was established.

l The effect of iodine deficiency and its correction after 
iodine supplementation on socioeconomic development 
was studied in the rural village of Jixian in China dur-
ing 1978–1986. It was observed that iodine supplemen-
tation was related to the socioeconomic development of 
the affected community.

l Injection of iodized oil to a cretin couple from a severely 
iodine deficient area resulted in birth of normal children 
and prevent reproductive damage.

l Iodine intervention in an iodine-deficient community 
enhances higher work output, reduces the cost of medical 
and custodial care, and reduces educational costs. In addi-
tion, such intervention improves the economic benefits 
of the livestock population by resulting in increased live 
births, weight, strength and health, and better wool coats.

l Excess iodine supplementation, however, is related 
to the further risk of thyroid disease. Occurrence of 
iodine-induced hypothyroidism and iodide-goiter, IIH 
and iodine-induced thyroiditis are the consequence of  
excess iodine supplementation in certain populations who 
were iodine deficient till 40 years or more of age.

l Iodine supplementation programs have limitations, 
because they do not always result in complete eradica-
tion and prevention of endemic goiter and associated  
disorders in all areas, because of the interference of 
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goitrogenic or antithyroidal factors in food that affect 
hormone synthesis acting directly or indirectly on the 
thyroid gland.

l To make iodization programs fully successful, studies of 
environmental factors other than iodine deficiency are 
important in areas where IDD persists in spite of the 
recommended iodine intake being supplied. Further, the 
questions to be answered are: what should the adequate or 
optimum level of iodine intake be? Will this remain the 
same forever or will it depend on the nature of the goi-
trogenic environment associated with iodine deficiency?
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Abstract

Silent prophylaxis (SP), which is the decline in iodine 
deficiency in the absence of active prophylaxis (AP), has 
occurred in Italy and other European countries. This 
analysis has used published data to estimate the contri-
bution of AP and SP in Italy between the 1970s and the 
1990s. Medline search identified publications related to 
60 cross-sectional surveys and a series of longitudinal 
surveys carried out in nine communities. The data from 
the 60 communities were entered into a multiple regres-
sion model to predict the relationship between increase 
in microgram per liter of urinary iodine and goiter preva-
lence due to SP. These predictions were validated against 
the real trends measured in nine communities, four of 
which received AP. The annual contribution of SP was an 
increase of 2.1–4 g/l of urinary iodine and a decline in 
goiter of 2.1–3.6%. This contrasts with an annual increase 
in urinary iodine of 6.5–13.1 g/l and an annual decline 
of goiter of 4.4–10% in areas that were covered by AP. 
The net annual incremental benefit of AP over and above 
SP was an increase of 4.4–9.1 g/l of urinary iodine and 
an annual decline of 2.3–6.4% in goiter prevalence. SP 
is probably the result of improved socioeconomic condi-
tions, which are associated with increased consumption of 
commercial products that are rich in iodine. As countries 
develop and become wealthier, health indicators gradu-
ally improve independently from health interventions, and 
iodine deficiency is no exception. Nonetheless, AP is still 
required because its impact is much faster and the esti-
mates provided by this analysis can be used by policy mak-
ers to advocate AP and to estimate its incremental benefit.

Abbreviations

AP Active prophylaxis
SP Silent prophylaxis
WHO World Health Organization

Introduction

Iodine deficiency is the most preventable cause of men-
tal retardation. The food produced in iodine-deficient 
areas fails to provide sufficient iodine intake, resulting 
in reduced production of the thyroid hormone thyroxin, 
which is critical for brain development (Bernal et al., 
2003). Depending on its severity, iodine deficiency affects 
mental and physical development up to the most severe 
form of hypothyroidism and cretinism.

Urinary iodine concentration and palpation of goiter 
among schoolchildren is the most frequent method used 
by cross-sectional surveys to measure iodine deficiency. 
Because iodine is excreted by the kidneys, the urinary 
concentration of iodine is an indicator of iodine intake. 
Lower production of thyroxine leads to increased produc-
tion of the thyroid-stimulating hormone, which results in 
thyroid hyperplasia known as goiter. The World Health 
Organization (2001) classifies iodine deficiency into mild, 
moderate and severe when urinary excretion is, respec-
tively, 50–99, 20–49 and 20 g/l of urine.

Active prophylaxis (AP) is the provision of iodine  
supplements to an iodine-deficient population. Beside the 
individual supplementation of oral iodine and injections  
of iodized oil, the most common supplementation strat-
egy is the iodization of salt, water and animal feed. Some 
countries allow only iodized salt to be sold, while other 
countries allow both iodized and uniodized salt.

Silent prophylaxis (SP) has been described as the reduc-
tion of iodine deficiency in populations that were not 
covered by AP. Zois et al. (2003) reported the elimination 
of iodine deficiency and an increase in autoimmune thy-
roiditis in one iodine-deficient community in northern 
Greece, which was surveyed more than once and which 
did not have AP. Although Belgium has not implemented 
AP, Ciardelli et al. (2002) documented an increase in uri-
nary iodine in Belgian schoolchildren over a period of 
several years. Delange et al. (2000) recognized that SP has 
partially corrected iodine deficiency in western Europe, 
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but they stated that AP is still required. This is especially 
true for newborns who, according to Peter et al. (2003), 
do not reach iodine sufficiency with the presence of SP. 
Therefore, SP is considered insufficient to solve the prob-
lem of iodine deficiency for which AP remains the only 
solution.

In Italy, a few communities that were covered by several 
surveys reported a decline in goiter and an increase in uri-
nary iodine, which has been considered to be the result of 
SP. Vermiglio et al. (1989) reported a substantial increase 
in the excretion of urinary iodine and a decrease in goiter 
in four municipalities in northeastern Sicily, concluding 
that these events were probably related to increased access 
to iodine-rich food. According to Regalbuto et al. (1996) 
the decline of goiter reported in northeastern Sicily can 
be explained by socioeconomic development, leading to 
increased consumption of iodine-rich products coming 
from outside the iodine-deficient areas.

The presence of SP is suggested by the presence of 
a decline in iodine deficiency across Italy in the last few 
decades without AP. Aghini-Lombardi et al. (1998) and 
Aghini-Lombardi and Antonangeli (1998) reviewed the 
literature and came to the conclusion that Italy has expe-
rienced an overall improvement in iodine deficiency, even 
if only 3% of all salt sold for human consumption was  
estimated to be iodized. AP in the form of active promo-
tion of iodized salt and iodization of water supplies has been 
limited to Vagli, Garfagnana and Valtiberina in Tuscany; 
and Bolzano in the Alto Adige region since the early 
1980s; while in Troina, northeast Sicily, AP was carried 
out between the late 1970s and 1987.

Although SP has been considered insufficient to solve 
the problem of iodine deficiency, its potential impact has 
not been estimated. Estimating the net contribution of AP 
over and above that of SP would allow the quantification 
of the incremental cost-effectiveness associated with AP. 
Filling this gap would help to advocate the argument that 
AP is the main avenue to reduce iodine deficiency even in 
those countries that are experiencing SP.

A Natural Experiment

This analysis has the objective of estimating the likely 
contribution of SP and AP in Italy between the 1970s 
and the 1990s. Medline was used to identify the articles 
related to the surveys carried out to measure iodine defi-
ciency and goiter among schoolchildren. The inclusion 
criteria included the use of the WHO criteria on palpa-
tion of goiter and measurement of urinary iodine as 24-h 
excretion in micrograms per liter. The geographical char-
acteristics of the localities where the surveys were con-
ducted included altitude, latitude and distance from the 
sea, and they were obtained from the Istituto Nazionale di 
Statistica.

Two groups of communities were surveyed between the 
1970s and the 1990s. A first group of 60 communities that 
were surveyed only once were characterized by absence of 
AP, widespread location between Sicily and the Austrian 
border, distance between 0 and 190 km from sea and an 
altitude between 0 and 1000 m above sea level. This first 
group was taken as representative of the relationship 
between urinary iodine and goiter in Italy. A second group 
of nine communities, which was covered more than once 
in a longitudinal fashion, was divided into presence and 
absence of AP according to the history reported by the ref-
erences. This group was the only data available on the real 
trends which occurred between the 1970s and the 1990s.

Contribution of AP versus SP

The first group was used to build a model of the rela-
tionship between urinary excretion of iodine and goiter 
prevalence, and the second group was used to validate the 
predictions. The data related to the 60 communities were 
entered into a regression model containing micrograms per 
liter of urinary iodine as independent and goiter prevalence 
as dependent. The regression coefficients were the basis for 
the estimation of levels of goiter prevalence expected per 
given values of urinary iodine and the expected decrease 
in goiter associated to a given increase in urinary iodine. 
The predictions of the model were compared with the 
real trends experienced by the nine communities, which 
were covered longitudinally. Of these nine communities, 
four had AP and five did not, and their different annual 
changes were used as proxies for the different contributions  
of AP and SP.

Tables 80.1 and 80.2 represent, respectively, the first and 
second group of communities. The surveys were based on 
representative samples of schoolchildren between the age of 
6 and 14, who were examined for palpable goiter and uri-
nary iodine according to the WHO guidelines. In the first 
group, goiter varied between 0 and 73%, and the mean/
median micrograms of urinary iodine varied between 
35 and 223 g/l. Because the surveys reported values of 
mean and median urinary iodine, two preliminary regres-
sion models were carried out to check that all the values 
could be included in the analysis. Both models contained 
iodine as independent and goiter prevalence as dependent, 
but the first model included the surveys with the values in 
mean micrograms and the second one included the surveys 
with the values in median micrograms of urinary iodine. 
Because the two regression models produced almost identi-
cal coefficients and standard errors, all the 60 communities 
were included in one final model containing means and 
median values.

The objective of the model was to predict the preva-
lence of goiter on the basis of the values of urinary 
iodine at parity of geographic characteristics. A quadratic 
model produced a better fit of the relationship between  



Table 80.1 First group of 60 communities, which were surveyed once

Year Area Sample Goiter prevalence Urinary iodine (g/l)

1994 Catania 1253  1 224b

1977 Messina  608  7  76a

1977 Siracusa  947  0  83a

1977 Nicosia 1642 39  39a

1992 Calabria area 3 4879 44  44a

1992 Calabria area 4 2581 41  55a

1992 Calabria area 7  645 23  70a

1992 Calabria area 8  747 40  60a

1992 Calabria area 9 1998 16  89a

1992 Calabria area 14  831 15  90a

1991 Potenza   99 21  55b

1994 Nuoro 2050 29  89a

1994 Cagliari (province) 2885 18  97a

1991 Cagliari (urban)   99 12  84a

1994 Oristano 1854 35  54a

1994 Sassari 1299 17  84a

1990 Benevento   99 73  37a

1994 Napoli  34 15 102a

1994 Tufo  51 47  63b

1994 Chiance  59 49  66b

1994 Flumeri  270 40  47b

1994 Pietradefu  139 40  49b

1994 TorreleNocelle  109 51  45b

1994 Venticano  190 54  42b

1994 Villanova  127 52  52b

1990 Pesaro (province)  99 27  88b

1990 Pesaro (urban)  99  7 133b

1990 Ancona  99 20  96b

1990 AscoliP  99 15  90b

1990 Macerata  99 20  75b

1991 Serchio  719  9  80a

1991 Marina di Pisa  106  3 173a

1981 ALunigiana   99 64  38a

1982 BLunigiana  99 43  35a

1983 CollinePis  99 22  36a

1986 ValNievole  99 48  49a

1988 PistoiaApp  99 41  55a

1991 Firenze  99 38  71a

1991 Lucca  99  8  64b

1993 Arezzo  99 10  91b

1982 Massa  99 43  37b

1992 Grosseto  99  6  75b

1990 Varsi  99 54  72a

1990 ReggioE 1020 26 108a

1990 Bologna (urban)  175  6 159b

1990 Bologna  99  6 107a

1985 Forli  99 44  58a

1992 Padova  99 16 118a

1993 Venetoplai 1928  7 148a

1993 Belluno  990  6 155a

1993 Treviso 1232 12 130a

1993 Vicenza 1289 12 130a

1992 Rovigo (urban)  99  8  90a

1992 Venezia (urban)  99  2 223a

NA Altavilla NA 32  62b

NA Colline Metallifere NA  5  85b

NA Dentacane NA 29  62b

NA Dastel d’Aiano NA 13 123b

NA Gaggio Montano NA 19 116b

NA Pietracola NA 24  80b

Note: These communities were covered by only one survey, and the first to the last column represent the year when the surveys were 
conducted, the geographic location, the sample of schoolchildren, the goiter prevalence measured by palpation and the mean or 
median of micrograms of urinary iodine per liter. NA, not available.
a Mean.
b Median.
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urinary iodine and goiter prevalence. When the data from 
the 60 communities were entered into the regression model 
containing goiter as dependent and iodine as independent, 
the change from linear to quadratic model increased R2 from 
50% to 61%. The introduction of latitude and altitude did 
not improve the model significantly, while the distance in kil-
ometers from the sea increased R2 to 65% (Table 80.3).

Figure 80.1 provides a graphic representation of the  
linear and the quadratic model. Each dot represents a 
community and is plotted according to the micrograms 

per liter of urinary iodine (X-axis) and the prevalence  
of goiter (Y-axis) measured by cross-sectional surveys. The 
quadratic model, represented by the curve, provides the best 
prediction of the decline of goiter prevalence at different lev-
els of urinary iodine, which is a proxy of iodine intake. While 
the linear relationship predicts the same unit decline of goiter 
per unit increase in urinary iodine, the quadratic relation-
ship predicts that the decline per unit is sharper at high levels 
of goiter prevalence and slows down when goiter reaches a 
lower prevalence. In other words, the most dramatic effects 

Table 80.2 Second group of nine localities, which were sampled more than once

Year Area Sample Goiter prevalence Urinary iodine (g/l) Active prophylaxis

1977 Troina 1200 52  41b Yes
1983 1200  6  86b

1994 1200  8 106b

1977 Maniaci 218 67  19b No
1983 218 47  25b

1994 218 26  68b

1977 Santangelo 439 49  26a No
1987 439 28  48a

1977 CastelUnmb 348 80  22a No
1987 99 44  49a

1977 Sinagra 99 62  26a No
1987 99 33  67a

1981 Vagli 496 58  47a Yes
1991 307  8 130a

1985 Valtiberin 99 52  39a Yes
1993 99 17  91a

1984 Garfagnana 142 78  55a Yes

1991 99  8 147a

1982 Bolzano 49 24  10a Yes
1990 917  2 137a

1997 189 99 177a

Note: The table represents the nine communities that were covered longitudinally through more than one survey.
aMean.
bMedian.

Table 80.3 Coefficients of the quadratic model in Figure 80.1

Coefficientsa

Unstandardized Coefficients Standardized Coefficients t P values

Model B SE 

Constant 72.012 6.795  10.598 0.000
Mean urinary iodine (g/l) .869 0.130 2.029 6.656 0.000
IODSQUAR. 2.527E-03 0.001   1.399   4.573 0.000
Distance from the sea (km) 7.850E-02 0.032   0.199   2.490 0.016

Note: This table represents the coefficients of the quadratic model of Figure 80.1. The R2, which is the proportion of the variance of goiter 
prevalence explained by urinary iodine and distance from the seaside, was 65%. This suggests that iodine is the main cause of goiter, but 
about one-third of the variance remains unexplained due to other factors. This table can be interpreted in terms of reduction of goiter for 
each unit increase of urinary iodine, controlling for the distance from the seaside. The constant predicts the prevalence of goiter (72%) when 
iodine is nil. The sum of the mean urinary and iodine square (0.869  0.002) predicts that for each microgram increase per liter of urinary 
iodine, goiter is expected to decline by about 0.9%. The last variable takes into account the contribution of the distance from the seaside in 
kilometers. R2  65%.
aDependent variable: goiter prevalence.
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The quadratic model was used to predict the extent of 
goiter decline that is expected per unit increase of urinary 
iodine at different goiter prevalence rates. It is known that 
high levels of urinary iodine, which is a reflection of iodine 
consumption, are associated with low prevalence of goiter  
and vice versa. What is less known is the incremental 
increase in urinary iodine that is required to sustain a given 
decline in goiter at different prevalence rates. This is pre-
sented in Table 80.4, where a given value of urinary iodine in 
micrograms per liter (first row) defines the other indicators 
related to iodine deficiency. For example, a population with 
mean/median excretion of 20 g/l of urinary iodine (first 
row, second column) is expected to have a goiter prevalence 
of 55% (second row, second column). At such prevalence of 
goiter, an average increase of 10 g of urinary iodine per liter 
is expected to produce an average decline of 7.7% in goiter 
prevalence (third row, second column). This corresponds to  
a 0.7% decline in goiter per each microgram increase in uri-
nary iodine per liter (fourth row, second column) or a 1.3 g 
increase per point prevalence decline of goiter (fifth row, 
second column). In a similar way, the prevalence of goiter 
could be used to estimate the other indicators; for example, 
a prevalence of 55% goiter is estimated to be associated with 
an excretion of 20 g/l of urinary iodine and so on.

As goiter declines, iodine intake has to increase to main-
tain the same impact. Progressing from the left to the right of  
Table 80.4, it is possible to estimate what happens when prev-
alence of goiter declines. For example, at 63% prevalence of 
goiter (second row, first column) urinary iodine has to increase 
by 1.2 g/l (fifth row, first column) to produce a decline of 
1% point prevalence. At 10% prevalence (first row, last col-
umn) the increase in urinary iodine excretion associated  

Table 80.4 Relationship predicted by the quadratic model

Columns

1st 2nd 3rd 4th 5th 6th 7th 8th 9th

Urinary iodine in g/l  10.00  20.00  30.00  40.00  50.00  60.00  70.00  80.00  90.00
Expected goiter  
 prevalence

 63.52  55.43  47.74  40.45  33.56  27.07  20.98  15.29  10.00

Expected decline in  
 goiter prevalence, if  
 urinary iodine increases 
 by 10 g/l

8.09 7.69 7.29 6.89 6.49 6.09 5.69 5.29 4.89

Change in % goiter  
 per each microgram  
 increase in urinary  
 iodine

0.809 0.769 0.729 0.689 0.649 0.609 0.569 0.529 0.489

Increase in urine iodine  
 in micrograms per liter  
 for goiter to decline  
 by 1%

  1.236   1.300   1.371   1.4513   1.5408   1.642   1.757   1.890   2.044

Note: This table describes the prediction of the quadratic model for several indicators related to iodine deficiency. For example, a population 
with a mean/median of 10 g of urinary iodine per liter (first row, first column) is expected to have 63% goiter (second row, first column). If 
this level of urinary iodine increases by 10 extra micrograms due to increased intake, goiter is expected to decline by about 8% (third row, 
first column), which is equivalent to a 0.8% per microgram increase (fourth row, first column) or 1.2 microgram per 1% decline of goiter.
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Figure 80.1 Linear and quadratic model containing data from the 
60 communities. The figure shows the linear and quadratic regres-
sion lines predicting goiter prevalence as a dependent variable (Y  ) 
on the basis of the micrograms per liter of urine as independent var-
iable (X  ). Each dot represents one of the 60 communities that are 
plotted according to urinary iodine and goiter prevalence reported 
by the relative survey. The line explains 50% of the variance and 
predicts the same percentage point decline in goiter prevalence per 
each unit increase in urinary iodine. The quadratic curve explains 
65% of the variance and predicts that the effectiveness of a given 
increase in urinary iodine is more pronounced at higher prevalence 
rates of goiter and declines at lower prevalence of goiter.

in increasing iodine intake are found in areas affected by 
severe iodine deficiency, while more efforts are required to 
sustain the same impact as the prevalence declines.



784 Prevention and Treatment of Iodine Deficiency Disorders

with a 1% point decline is 2 (fifth row, last column). This 
means that iodine intake, which is reflected by the excre-
tion in microgram per liter of urine, has to increase sub-
stantially to produce a further decline in goiter when 
prevalence reaches low levels. This suggests that the impact 
of SP is likely to slow down as goiter declines to lower  
levels, increasing the efficiency gap between SP and AP.

The above predictions were compared with the real 
trends that were experienced by the nine communities, 

which were covered longitudinally. Figure 80.2 shows 
the steeper increases in urinary iodine that occurred in 
Bolzano, Vagli, Valtiberina and Garfagnana, which were 
covered by AP without interruption. Troina followed the 
same steep increase in urinary iodine untill the middle of 
the 1980s, when AP was discontinued, after which the 
increase in urinary iodine was similar to Maniaci, Sinagra, 
Santangelo and Castell’Umberto, which did not have  
AP. Figure 80.3 shows the specular faster decline of goiter 
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in the communities where iodine increased faster because 
of AP.

Figure 80.4 combines the information contained in  
the previous figures and shows the relationship between 
the average annual increase in urinary iodine (X-axis) and 
the average annual decline in goiter prevalence (Y-axis). 
The cluster of communities at the top right-hand corner 
of Figure 80.4 did not have AP, and their natural increase in 
iodine intake was 2.1–4 micrograms of urinary iodine per 
liter (X-axis), which brought an average annual decline 
of 2.1–3.6% in goiter (Y-axis). The other communities, 
which are more scattered towards the right-hand side of 
Figure 80.4, were covered by AP and had a faster annual 
increase of urinary iodine between 6.5 and 13.1 g/l and 
annual decline of goiter between 4.4 and 10%. The num-
bers beside each dot represent the increase in micrograms 
per liter of urinary iodine that were associated with each 
percentage point decline in goiter prevalence. These num-
bers, which were based on the real trends experienced by 
the communities having different prevalence of goiter, 
coincided with the predictions of the model in Table 80.4. 
In other words, the communities at the top right-hand cor-
ner, which were affected by high levels of goiter, required 

an increase of about 1 g/l of urinary iodine for each  
percentage point decline in goiter prevalence. Vice versa, as 
the other communities toward the right of Figure 80.4 had 
AP, they reached low levels of goiter prevalence and their 
urinary iodine had to increase beyond 1 g/l to sustain the 
same percentage point decline in the prevalence of goiter.  
For example, Bolzano had to reach more than twice the 
excretion of Santangelo and Castel Umberto, because 
Bolzano reached low levels of goiter thanks to AP, and its 
excretion of micrograms per liter of urinary iodine had to 
double to continue to sustain the same point percentage 
decline in goiter prevalence.

Even if the real trends were based on only nine com-
munities, their concordance with the predictions of the 
quadratic model is suggestive that the experience of the 
nine communities is representative of what happened in 
the country. The incremental benefit of AP corresponds to 
an annual net increase between 4.4 and 9.1 g/l of urinary 
iodine and an annual net decline of goiter between 2.3 
and 6.4% over and above the SP. The impact of AP varied 
between an average annual increase between 6 and 13 g/l 
of urinary iodine and an average annual decline between 
4 and 10% in goiter prevalence. As the goiter prevalence 
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declined, the iodine intake had to double to maintain the 
same impact.

Policy implications

The results of this analysis can be used for policy and plan-
ning purposes to show the incremental benefit of AP over 
and above the contribution of SP. This analysis has fully 
exploited published data to measure the likely contribu-
tion of AP and SP in Italy between the 1970s and 1990s. 
The cross-sectional and longitudinal surveys have provided 
a valid base to produce a method that can help policy 
makers to advocate the extra benefits of AP. Even if this 
“natural experiment” cannot produce the same evidence 
as a randomized community trial, the causal inference 
between the increase in urinary iodine and the decline in 
goiter with and without AP is clear, and the incremental 
cost-effectiveness of AP can be estimated.

Extrapolating real trends from only nine communities 
that were not selected at random can affect generalization. 
Notwithstanding this limitation, the concordance between 
the changes in the nine communities and the changes pre-
dicted by the quadratic model strengthens the inference 
based on the nine communities. The same increase of 1–2 g 
of urinary iodine per percentage point decline in goiter expe-
rienced by the nine localities is in line with the predictions 
based on the 60 localities sampled cross-sectionally across the 
country, which provided a good representation of the rela-
tionship between urinary iodine increase and goiter decline. 
The pace of annual change is relatively homogeneous in the 
five communities clustered at the upper right-hand side of 
Figure 80.4, which is due to the fact that SP has occurred 
slowly and without a high variation. The pace of change is 
much faster and more variable in the communities on the 
right-hand side of Figure 80.4 that received AP, reflecting 
the higher rate of change and the variability associated with 
variable implementation in different areas. AP was about 
three times faster than SP in increasing iodine excretion and 
in decreasing goiter prevalence. The slower effect of SP is 
likely to be even more accentuated at lower levels of goiter  
prevalence, further increasing the gap between AP and SP.

The analysis was also limited by the lack of information 
about the origin of SP. The most likely hypothesis is that 
SP has been caused by a gradual increase in availability and 
consumption of food products coming from noniodine-
deficient areas and by the increased use of pharmacologi-
cal products and medical tests containing iodine. Although 
no data were available to confirm it, this hypothesis seems 
the only plausible explanation of the decline in iodine defi-
ciency in the absence of AP. SP should be treated similarly 
to other health indicators that are affected by socioeconomic 
improvement, with the major effect occurring when devel-
opment is faster and goiter is higher, and reaching a plateau 
when the rate of development stabilizes and goiter declines.

The analysis confirms that AP is still required in Italy. 
AP is associated with an annual incremental increase of 
4.4–9.1 g of urinary iodine per liter and an annual incre-
mental decline in goiter of 2.3–6.4% compared with SP. 
Another reason for advocating AP in the presence of SP is 
related to the fact that the highest effects of SP are likely to 
have occurred in the past decades when Italy had a faster 
socioeconomic development and a higher rate of goiter 
compared to today. As goiter prevalence is declining, the 
requirements of iodine intake will have to double to main-
tain the same rate of decline in goiter prevalence and the 
effects of SP are likely to slow down in the future. This 
makes AP even more necessary because, besides the phase 
when an iodine-deficient country begins its fastest rate of 
development, the gap between what is naturally occurring 
with SP and the potential of AP will still be wide.

Summary Points

l Between 1970s and 1990s, Italy experienced a natural 
decline in iodine deficiency due to SP.

l This was likely due to socioeconomic improvement 
with subsequent increased consumption of products 
that were rich in iodine.

l The effect of SP was an average increase of 2.1–4 g/l 
of urinary iodine and an annual decline of 2.1–3.6% 
in goiter prevalence.

l AP is still required because of its fast impact, especially 
at lower rates of goiter prevalence.

l The incremental annual benefits of AP over and above 
SP were estimated as an increase of 4.4–9.1 g/l of uri-
nary iodine and a decline in goiter of 2.3–6.4%.

l These estimates can be used to advocate AP and to esti-
mate the incremental cost-effectiveness of AP versus SP.
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Abstract

Diffuse goiter and nodular thyroid disease arise as a sequel 
to environmental conditions of long-lasting alimentary 
iodine deficiency. Hyperthyroid toxic and euthyroid non-
toxic variants of the diseases may be discerned according 
to the extent of functional abnormalities of the thyroid 
or morphological changes of the gland. Correct diagnosis 
requires prior exclusion of other types of hyperthyroidism, 
such as Graves’ disease and thyroid malignancies. The 
treatment differs based on the presence of hyperfunction-
ing or hypofunctioning nodular thyroid disease or diffuse 
and mostly euthyroid goiter. The goals of the treatment 
are to eliminate hyperthyroidism or to provide relief of 
local symptoms to the patient and, possibly, to favorably 
influence the long-term outcome. In toxic adenoma and 
toxic multinodular goiter, radioiodine treatment is gener-
ally preferred over surgery or long-term use of antithyroid 
drugs. It is indicated at an early stage of subclinical hyper-
thyroidism. In cases of hypofunctioning thyroid nodules 
and euthyroid diffuse goiters, surgery is the preferred 
method of treatment. It is indicated by suspicion of malig-
nancy or symptoms of obstruction. Medical treatment 
including iodine and levothyroxine administration or use 
of a combination of these two agents is contraindicated 
in the presence of hyperthyroidism or a clinically relevant 
state of thyroid autonomy, and exhibits little effect on 
long-existing euthyroid thyroid nodular disease. Diffuse 
goiters at an early stage in children or adolescents may best 
respond to medical therapy. Iodine is considered a patho-
physiologically more causative approach and preferred over 
levothyroxine, although, in terms of volume reduction, no 
superiority of one or the other agent or of a combination 
of the two agents has been demonstrated in clinical tri-
als. Apart from correcting the existing disease, which fre-
quently requires a more radical and destructive approach, 
prevention of the deterioration of the present condition 
and the formation of new thyroid nodules may be readily 

achieved through long-term prophylaxis with iodine; this 
should not be neglected. The same is true for prevention 
of recurrent diseases after successful employment of radio-
iodine or surgical treatment.

Abbreviations

TSH Thyroid-stimulating hormone
fT3 Free triiodothyronine
fT4 Free thyroxine

Introduction

Diffuse and toxic goiters are among the main thyroid  
disorders caused by iodine deficiency (Figure 81.1). Lack of 
iodine, when present over a longer period of time, results 
in both morphological alterations and functional perturba-
tions that affect the thyroid gland.

Morphologically, in an iodine-deficient environment, 
the gland tends to enlarge to form a goiter. A goiter is 
defined as a thyroid volume measured by ultrasonography, 
exceeding 18 ml in women and 25 ml in men. As a further 
consequence of iodine deficiency, in addition to the diffuse 
enlargement of the whole gland, the formation of distinct 
nodules occurs within the thyroid gland. As the nodules 
may not necessarily exist in an enlarged thyroid gland, 
nodular goiter or nodular thyroid disease exists in sev-
eral varieties such as uninodular or multinodular thyroid 
disease. Pathophysiologically, the occurrence of nodular 
disease signals a breakdown in thyroid regulation, which 
is termed as thyroid autonomy. Due to mutations, the 
nodules are transformed into true clonal adenomas, which 
grow and may frequently secrete hormones independently 
of, and uncontrolled by, the hypothalamic pituitary feed-
back mechanisms that govern regular thyroid growth and 
hormone production (Studer and Derwahl, 1995).
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Functionally, the state may be compensated up to a 
certain degree of iodine deficiency and for a considerable 
period of time, described in clinical terms as euthyroid dif-
fuse or nodular goiter. Functional failure follows only in the 
presence of severe iodine deficiency, and hypothyroidism 
may then develop. Much more frequently and somewhat 
paradoxically, hyperthyroidism ensues after many years of 
iodine depletion. Rarely, hyperthyroidism may be found 
in cases of diffuse goiter, which are then termed as diffuse 
thyroid autonomy. However, hyperthyroidism frequently 
occurs in conjunction with uninodular (toxic adenoma) 
and multinodular goiters (toxic multinodular goiter).

Occurrence of hyperthyroidism marks a reversal of the 
beneficial thyroidal effect of iodine. At this point, the long-
term iodine-deprived thyroid gland is no longer tolerant 
to, and reacts pathologically to, the trace element, culmi-
nating in iodine-induced hyperthyroidism. The molecular 
basis of this shift in iodine processing has been unravelled 
and attributed to maladaptation at the cellular level. In 
particular, mutations in the genes coding for the thyroid- 
stimulating hormone (TSH) receptor or the alpha subunit 
of G proteins, which are acquired during the process, will 
irreversibly fix and propagate thyroid autonomy (Krohn  
et al., 2005; Parma et al., 1993).

Treatment regimens are based on various considerations 
including the precise classification of the disease, etiology of 
the goiter or thyroid nodule, presence or absence of thyroid 
or nodular dysfunction, extent of the disease, symptoms,  

discomfort, harm and risk caused to the patient, and the 
likely prognosis. Differences in regional practices of doctors 
and preferences of the individual patient may also apply.

Treatment of Toxic Adenoma and  
Toxic Multinodular Goiter

Specific causal treatment for toxic adenoma or toxic 
multinodular goiter is not available. As far as iodine is 
concerned, although lack of the trace element is the recog-
nized cause of these disorders and its supplementation has 
been shown to be efficacious in preventing the diseases, 
iodine is ineffective and even potentially harmful once 
the disorders are fully established (Burgi et al., 1990; Lind  
et al., 2002). This seemingly paradoxical behavior is due to 
the newly acquired mutations, as has been discussed above.

The treatment aims to correct the symptoms experi-
enced by the patient due to the presence of a toxic ade-
noma or toxic multinodular goiter. There are two types 
of symptoms: functional ones, which relate to hyperthy-
roidism; and mechanical ones, which are due to the pres-
sure exerted by the goiter or nodule, irrespective of the 
functional impairment caused.

The treatment of hyperthyroidism requires differen-
tiation between the various types of hyperthyroidism  
(Table 81.1). Toxic adenoma and toxic multinodular goiter 
are the most common causes of hyperthyroidism in iodine-
deficient countries, as opposed to Graves’ disease, which is 

Euthyroid

Hypofunctional
thyroid nodule

Euthyroid
multinodular goiter

Euthyroid
diffuse goiter

Other types
of goiter

Toxic
diffuse goiter

Toxic
multinodular goiter

Toxic adenoma

Hyperthyroid

Figure 81.1 Various forms of diffuse and toxic goiters, which must be discerned for optimum treatment of the patient.

Table 81.1 Characteristic findings in different types of hyperthyroidism

Method Toxic adenoma
Toxic multinodular 
goiter Toxic diffuse goiter Thyroiditis Graves’ disease

Palpation Solitary nodule Multiple nodules Enlarged thyroid Tender thyroid Thrill
Ultrasonography Solitary nodule Multiple nodules Goiter Diffuse hypoechogenic 

 pattern
Diffuse hypoechogenic  
 pattern

Duplex sonography Vascular halo Vascular haloes Normal Reduced vascularity Enhanced vascularity
Scintigraphy Area of increased 

 uptake
Regions of increased 
 uptake

Diffusely increased 
 uptake

Reduced uptake Strongly enhanced 
 uptake

Note: The various types of hyperthyroidism may be differentiated by methods of physical examination of the patients and imaging 
techniques.
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the leading cause of hyperthyroidism in areas with sufficient 
iodine supply (Laurberg et al., 2006; Reinwein et al., 1988). 
Unlike the abrupt onset of Graves’ disease, hyperthyroidism 
due to toxic adenoma or toxic multinodular goiter develops 
slowly, as thyroid function deteriorates progressively over the 
course of many years, or even decades.

A typical patient is therefore an older person exhibiting 
less-apparent symptoms of hyperthyroidism than a Graves’ 
patient. The patients frequently display unspectacular symp-
toms, unspecific complaints, or no symptoms at all. Among 
the more common symptoms found in patients with toxic 
adenoma or toxic multinodular goiter are loss of weight, 
fatigue, loss of appetite, cardiac arrhythmias, especially atrial 
fibrillation, dyspnea, hypertension, lack of concentration, 
change in mood, depression, or confusion, but rarely blunt 
symptoms of overt hyperthyroidism such as tachycardia, 
nervousness, trembling and sweating. The symptoms may be 
misinterpreted as signs of ageing, malignancy, cardiac disease, 
cerebrovascular insufficiency, or psychiatric disease.

Apart from a thorough clinical evaluation, including con-
sideration of the history of the symptoms and palpation of 
the thyroid gland, which may reveal the presence of a goiter 
or nodule, TSH screening, followed by the measurement 
of free thyroxine (fT4) and free triiodothyronine (fT3) in 
case of an abnormal TSH, and thyroid ultrasonography are 
the most valuable diagnostic tools. These are able to reveal 
minor functional abnormalities and disclose the presence of 
thyroid nodules, as well as their size and other characteris-
tics. In larger nodules (.1 cm), thyroid scintigraphy may be 
warranted to correlate the palpable or sonographically visible 
thyroid nodule(s) with an area(s) of increased radioiodine 
uptake in the thyroid scan, and hence establish the diagno-
sis of unifocal or multifocal autonomy. If the autonomy is 
clinically relevant, there should be concomitant suppression 
of the surrounding and contralateral normal thyroid tis-
sue. In the presence of suppressed TSH, the uptake meas-
ured gives a direct quantitative estimate of the amount of 
autonomous tissue. Even though diagnosis of unifocal 
thyroid autonomy (toxic adenoma) or multifocal thyroid 
autonomy (toxic multinodular goiter) is straightforward in 
most cases, there are two situations in which establishing 
the diagnosis is more difficult. (1) If the autonomy is diffuse 
or disseminated rather than focal: this condition appears to 
be extremely rare, but can occasionally be difficult to distin-
guish from TSH receptor antibody-negative Graves’ disease. 
(2) If nonfunctioning nodules coexist in the vicinity of a 
hot nodule or in the same thyroid gland as the hyperfunc-
tioning nodule(s): it complicates the interpretation of the 
thyroid scan and requires a different approach to treatment, 
i.e., favoring surgery over radioiodine therapy.

Indication for therapy

The presence of overt or subclinical hyperthyroidism indicates 
the need for treatment of a patient with toxic adenoma, toxic 

multinodular goiter, or toxic diffuse goiter. Complaints and 
symptoms of the patient corroborate the necessity and suggest 
the urgency of treatment. In the absence of symptoms during 
the early stages of the disease, biochemical proof of hyperthy-
roidism, as evidenced by suppressed TSH, is sufficient to call 
for therapy.

Subclinical hyperthyroidism has been reported to subject 
the patient to higher risk of atrial fibrillation (three times 
higher prevalence over 10 years in a study by Sawin et al., 
1994), osteopenia and psychiatric symptoms, compared to 
a person with normal TSH. Nevertheless, data on mortal-
ity has been inconclusive (Surks et al., 2004; Volzke et al., 
2007). The transition rate of subclinical hyperthyroidism 
to overt hyperthyroidism in patients with toxic adenoma 
averages approximately 5% per annum, but may be higher 
in larger adenomas (Sandrock et al., 1993). When exposed 
to high doses of iodine, mostly by administration of radio-
graphic contrast agents during computed tomography or 
invasive cardiological procedures, overt hyperthyroidism 
may develop in more than 30% of patients with subclinical 
hyperthyroidism. The therapy for toxic adenoma(s) is a pre-
ventive measure for iodine-induced thyrotoxicosis.

While TSH suppression below 0.1 mIU/l has been 
clearly associated with disease-specific complications and 
hence considered a must to treat, TSH values slightly 
below the lower limit of the reference range of the respec-
tive method are more ambiguous and more difficult to 
interpret individually, particularly in light of the recent dis-
cussion surrounding the reference range of TSH (Beckett 
and MacKenzie, 2007; Volzke et al., 2005).

Patients with toxic adenoma or toxic multinodular goiter, 
in the absence of symptoms and with TSH well in the euthy-
roid range, may be monitored without therapy. The therapy 
can frequently be postponed for many years to a later stage.

In cases with toxic adenoma or toxic multinodular goiter, 
unlike with Graves’ disease, remission rarely occurs (in less 
than 5% of the cases). The natural course of the diseases 
is characterized by a slow and continuous progression, as 
the clones of autonomous cells expand and the amount of 
autonomous tissue grows (Quadbeck et al., 2002). Large 
autonomous nodules may frequently suffer from intra-
nodular necrosis, but the self-destruction rarely reaches the 
extent required to induce spontaneous remission and revert 
hyperthyroidism to euthyroidism. The poor prognosis is yet 
another argument favoring early definitive therapy.

Treatment modalities

Once the diagnosis and indication for treatment have 
been established, there are three main options for treating 
patients with toxic adenoma or toxic multinodular goiter:

l treatment with antithyroid drugs;
l therapy with radioiodine; and
l surgery.
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Antithyroid Drugs The use of antithyroid drugs in toxic 
adenoma or toxic multinodular goiter differs from that in 
Graves’ disease. In Graves’ disease, antithyroid drugs are able 
to induce remission of hyperthyroidism when taken for a rea-
sonable period of time (12 months), or the drugs may at least 
bridge the time until spontaneous remission of the underly-
ing autoimmune process has occurred. This means that the 
euthyroid state may be successfully restored and maintained 
after withdrawal of the drug, not in all, but in a significant 
portion of patients (Hoermann et al., 2002). In contrast, in 
autonomous thyroid disease, remission is not brought about 
by the use of antithyroid drugs, and spontaneous remission 
is also improbable and not worth waiting for.

The main use of antithyroid drugs in toxic adenoma 
and toxic multinodular goiter is therefore to attain a euthy-
roid state before the patient may undergo other modes of 
therapy. Another use is to block iodine uptake prior to the 
exposure to radiographic contrast agents in patients at risk 
of iodine-induced hyperthyroidism.

To ensure a definitive cure of hyperthyroidism, radio-
iodine treatment or surgery is available. Long-term use of 
thionamide drugs may be advisable only in severely ill and 
multimorbid patients, who are unable to undergo one of 
these two treatments.

The patient usually starts with 20 mg of thiamazole 
(methimazole), unless iodine-induced or severe hyperthy-
roidism exists, necessitating a higher starting dose (Table 

81.2). Doses of thionamide drugs are lower in the case 
of iodine deficiency because the drugs act as competitive 
inhibitors of thyroid peroxidase and are antagonized by 
iodine. The doses have to be adjusted individually and, 
after restoration of euthyroidism, should be reduced to a 
lower maintenance dose (2.5–10 mg of thiamazole).

For the prevention or treatment of iodine-induced 
hyperthyroidism, a thionamide drug may be combined 
with perchlorate (3  300 mg/day for 7–14 days), an 
iodine uptake blocking agent.

Combination with levothyroxine, a common practice 
in treating Graves’ disease, is prohibited in toxic adenoma 
and toxic multinodular goiter.

Adverse effects of antithyroid drugs are dose-dependent, 
mandating the use of the lowest possible dosage. Side effects 
include, more frequently, pruritus, rash, urticaria, arthral-
gias, arthritis, fever, nausea, vomiting, liver test abnormalities 
or leukopenia, and rarely, but more severely, angranulocy-
tosis, cholostasic liver disease, ANCA-positive vasculitis, or 
abnormal taste sensation. Interestingly, a recent study sug-
gests that adverse events may differ depending on the etiol-
ogy of hyperthyroidism, and be lower in toxic multinodular 
goiter compared to Graves’ disease (Chivu et al., 2006). The 
antithyroid drug treatment has to be stopped in the case 
of severe side the effects. In the case of minor side effects, 
patients may be transferred from thiamazole to propylthiou-
racil. Thiamazole and carbimazole are not interchangeable.

Radioiodine Treatment Radioiodine therapy is particu-
larly well-suited for the treatment of autonomously func-
tioning thyroid tissue. Radioactive iodine, like the natural 
element, is taken up by the thyroid gland via an active proc-
ess (the sodium iodide symporter) and accumulates within 
the thyroid gland. The therapeutic effect occurs as a result 
of tissue destruction (radiation thyroiditis) caused by short-
reached  radiation; detection is enabled due to emission of 
a small portion of  irradiation. The radioactive material is 
selectively trapped by the more active autonomously func-
tioning cells and, to a lesser extent, by normal thyrocytes, 
which depend on TSH stimulation to increase iodine uptake.

The ideal patient for application of radioactive iodine is 
therefore one who harbors a single toxic adenoma and shows 
a suppressed TSH (Table 81.3). Under these conditions, the 
surrounding healthy thyroid tissue is least affected and the 
patient leaves the therapy with a high chance of eliminat-
ing the overactive hyperfunctioning nodule and, at the same 
time, preserving the healthy tissue to resume normal thy-
roid function (Dietlein et al., 2004; Huysmans et al., 1997; 
Reiners and Schneider, 2002; Sarkar, 2006).

TSH suppression must be achieved prior to radioio-
dine application, either endogenously or by administra-
tion of levothyroxine. The occurrence of hypothyroidism  
postradioiodine correlates to the amount of autonomously 

Table 81.2 Dose recommendations for antithyroid drug 
treatment

Substance Initial dose (mg/day)
Maintenance dose 
(mg/day)

Thiamazole 10–20 2.5–10
Carbimazole 15–30 5–15
Propylthiouracil 150–200 50–100
Perchlorate 1200–2000 100–400

Note: Dose requirements are related to the iodine intake of the 
patient with a need to increase dosage with increasing iodine 
load. Also, drugs have to be continued at a lower dose after a 
euthyroid state has been reached.

Table 81.3 Choice between radioiodine treatment and surgery

Pro-radioiodine Pro-surgery

Solitary toxic adenoma Hypofunctional nodule
Small nodus Large mass .3–5 cm
Toxic multinodular goiter Multinodular goiter with 

 hypofunctional nodules
Small goiter Large goiter .40–50 ml
Absence of local symptoms Symptoms of obstruction
Benign disease Suspicion of malignancy
Orthotopic position Retrosternal/mediastinal 

 extension

Note: Radioiodine and surgery are two competing options for 
definitive treatment of hyperthyroidism. The choice of treatment 
may be guided by the criteria listed above.
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functioning tissue present prior to treatment and the amount of  
healthy tissue preserved after treatment. Patients should be 
followed up, as late-onset hypothyroidism may still occur 
after many years.

Radioiodine is not a treatment option for hypofunction-
ing (cold) nodules. Pregnancy is another exclusion criterion.

Side effects of radioiodine have been few and moderate, 
particularly in the treatment of benign thyroid diseases, which 
require less radioactive exposure than thyroid cancer (Dietlein 
et al., 2004; Huysmans et al., 1997; Reiners and Schneider, 
2002; Sarkar, 2006). A mutagenic risk has not been demon-
strated in the followups and appears to be minimal.

Administration of radioiodine to the patient is via an 
orally taken capsule of 131I-iodine. After resorption, the 
agent finds its way to the target where it accumulates. The 
remaining amount will be excreted rapidly, mostly by renal 
elimination. Radiation exposure to other organs is minute.  
radiation induces extensive tissue damage, resulting in 
the destruction of the toxic adenoma(s). The destructive 
effect extends over a couple of weeks or months; there-
fore, the final treatment result may only be seen after 3–6 
months. Along with the functional improvement, there is 
a reduction in size of the nodule or exposed thyroid tissue 
by approximately 30–50% (Luster et al., 1995; Nygaard  
et al., 1999).

The radioactive iodine may be given directly to patients 
with only mild hyperthyroid states. Patients with severe 
thyroid dysfunction require pretreatment with an antithy-
roid drug before the administration of radioiodine. The 
therapy should be carefully monitored so as to avoid over-
treatment ensuring not to normalize TSH, the suppression 
of which is a prerequisite for optimum radioiodine effect.

Radioiodine therapy may be employed for the second 
time if the first administration is insufficient, which usu-
ally happens in cases of severe hyperthyroidism or large 
goiter. Also, prior administration of radioiodine does not 
preclude surgery, if necessary at a later stage.

As for the efficiency of radioiodine treatment, elimina-
tion of hyperthyroidism has been reported to be achieved 
in approximately 90% of the patients with toxic adenoma 
and 60–80% of patients with toxic multinodular goiter 
(Dietlein et al., 2004; Ferrari et al., 1996; Hegedus et al., 
2003; Le Moli et al., 1999; Nygaard et al., 1999; Reiners 
and Schneider, 2002).

Rates of hypothyroidism posttreatment have been pub-
lished to be low (10%) in toxic adenoma and much higher 
(20–60%) in toxic multinodular goiters, increasing with 
the amount of tissue exposed to radiation and the time 
of followup. Late occurrence of hypothyroidism has to be 
considered, cumulating to 60–80% after 10–20 years. The 
induction of autoimmune thyroid disease may contribute 
to this high rate.

Surgery Surgery is the second mode of therapy, which 
offers a potential to eliminate pathological thyroid tissue 

including nodules, parts of the thyroid gland, half a gland, 
or the whole gland. While radioiodine has the advantage 
of being less invasive to the patient, surgery is the more 
radical approach to the problem.

Surgery is indicated for large and obstructive goiters 
or nodules and also for hypofunctioning cold nodules for 
which radioiodine is not available as a treatment option at 
all (Table 81.3).

Even though radioiodine promises functional improve-
ment and, to some extent, amelioration of mechanical 
problems by size reduction, only surgery permits complete 
removal of the pathological tissue or nodule(s) and allows 
for histopathological examination.

The direct and immediate treatment result, as opposed 
to the delayed effect of radioiodine, is another advantage of 
surgery. The latter may be particularly relevant to patients 
who require rapid correction of thyrotoxicosis in case of 
thyroid storm or severe iodine-induced hyperthyroidism.

The indications for treatment by surgery versus treat-
ment using radioiodine are, however, not mutually exclu-
sive (Table 81.3). In a considerable proportion of patients, 
there is a valid choice between the two treatment options. 
This leaves room for individualization of treatment strate-
gies after a discussion between the patient and the special-
ist regarding the best option and considering both medical 
grounds and other more personal preferences (Table 81.4).

Remarkably, cost–benefit analyses show no clear advan-
tage of one or the other procedure.

Overtly hyperthyroid patients need to be pretreated 
with antithyroid drugs, as described above, before under-
going surgery in order to reduce perioperative mortality 
and morbidity. The exception is cases of thyroid storm, 
where emergency operation is scheduled within 48 h, 
because a delay would worsen the prognosis of the patient.

Modern surgery is conducted in the most appropriate 
way, considering the kind and extent of the underlying path-
ological conditions (Gimm et al., 2002; Oertli and Harder, 
2000; Schabram et al., 2004). The surgical procedure may 
reach from a minimally invasive resection of a single nodule 

Table 81.4 Criteria for surgery

Goiter size
 Obstruction of airways, dyspnea, stridor
 Radiological evidence of tracheal stenosis or tracheomalacia
 Impression of esophagus, sip disturbance

Presence of a thyroid nodule
 Clinical suspicion of malignancy, large hypofunctional nodule
 Large nodule in an otherwise normal thyroid
 Cytological proof or suspicion of malignancy

Subjective complaints and preference of the patient

Note: Main criteria for surgery include mechanical problems 
caused by the size of the goiter or nodule and suspicion of 
malignancy.
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to a near total thyroidectomy. Standard procedures such as 
subtotal thyroid resection are less frequently applicable. The 
procedural details are described below.

The general goal is to radically eliminate any patho-
logical condition and remove all of the pathological tissue 
present, while, at the same time, preserving as much as 
possible of the normal thyroid tissue (Gimm et al., 2002). 
The ambitious goal demands careful planning and prepa-
ration for surgery, including an accurate evaluation and 
precise description of the pathological condition by a thy-
roid specialist.

Alternative treatments

Other nonsurgical, but still invasive, treatment modali-
ties have been employed to destroy toxic adenomas such as 
ethanol injection guided by ultrasound. Even though etha-
nol injection may present a helpful approach in selected 
patients, cure rates are inferior to those of radioiodine 
treatment and complication rates have been reported to be 
close to those of conventional surgery.

Treatment recommendations

The choice of treatment is discussed by the specialist and 
the patient. In the absence of one of the indications for 
surgery, we would suggest radioiodine treatment as the 
first choice. In case of overt hyperthyroidism, pretreatment 
with antithyroid drugs may be necessary. Optimum treat-
ment modalities including the presence of a suppressed 
TSH in toxic adenoma or multinodular goiter should be 
established. On the one hand, patient’s fears regarding 
radiation exposure and, on the other hand, possible surgi-
cal complication often influence the decision and have to 
be addressed.

Treatment of Hypofunctioning Thyroid 
Nodules and Euthyroid Diffuse Goiters

Decisions regarding therapy in hypofunctioning nodules 
and euthyroid goiter have to consider two main issues: the 
risk of malignancy and the patient’s complaints. The task 
includes establishing a firm diagnosis distinguishing can-
cer from benign nodules and iodine deficiency goiter from 
other types of goiter such as Graves’ disease or Hashimoto’s 
thyroiditis. Regarding local symptoms of discomfort or 
obstruction, it comprises weighing the chance of medical 
treatment against the necessity of surgery.

Discrimination between benign and  
malignant thyroid disease

Statistically, thyroid malignancy is a rare event, whereas 
benign thyroid nodules are abundant in iodine-deficient 

countries. Population studies conducted in Germany using 
ultrasonography screening found nodular thyroid dis-
ease to be present in every third to fourth working person 
(Reiners et al., 2004). Thus, in Germany, nodular thyroid 
disease has become even more prevalent than the diffuse 
goiter, whose occurrence has shown a decrease in recent 
years. In contrast, the incidence of newly diagnosed thy-
roid malignancies is only two to three cases per 100,000 
persons per year. Presence of occult carcinoma may be 
higher.

For a hypofunctioning nodule, in the presence of iodine 
deficiency, probability of thyroid cancer is estimated to be 
in the range of 3–8%. This is a much lower figure than in 
areas with sufficient iodine supply. As a consequence, diag-
nosis and treatment considerations may differ in iodine-
deplete and iodine-rich regions and have to be adapted 
accordingly.

We suggest the following approach to a patient present-
ing with a thyroid nodule (Figure 81.2):

Small thyroid nodules, diameter less than 1 cm, that are 
neither visible nor palpable and only visualized by ultra-
sonography, as a general rule, may not need major workup 
and can be followed up. Reexaminations should be con-
ducted after 3–6 months and in yearly intervals thereafter.

On the other hand, clinical presentation with a large, 
tender, painful, and nonmovable mass raises high sus-
picion of malignancy. Hoarseness adds to this suspicion, 
as it may indicate infiltration of the neighboring struc-
tures such as the nervus recurrens. Regional lymph nodes 
may also be enlarged, occasionally even in the absence of 
a detectable thyroid node. Hence, thyroid malignancy 
has to be included in the differential diagnosis of cervical 
lymphadenopathy.

The patient’s history may be informative, perhaps 
describing a nodule that has long been known or a newly 
recognized and rapidly increasing mass. The patient’s 
age is another important consideration, as likelihood of 
malignancy is increased in young adults and elderly peo-
ple presenting with a newly manifested thyroid nodule. 
Retrosternal location of nodules has also been reported to 
be associated with an increased cancer rate.

Ultrasonography is readily available as a diagnostic tool. 
Frequency of the transducer should be a least 7.5 MHz, 
and a duplex or color Doppler mode should also be avail-
able. Sensitivity of the method is high, detecting thyroid 
lesions as small as 3 mm. However, specificity in terms of 
discerning between benign and malignant nodules is lim-
ited. Only benign cysts may be immediately recognizable. 
Table 81.5 summarizes various criteria that may be helpful 
in the differential diagnosis of benign versus malignant 
thyroid nodules. While none of the criteria is discrimi-
natory by itself, their combination may be more useful. 
Particularly, an irregularly shaped, calcified, and diffusely 
hypervascularized lesion raises high suspicion of malig-
nancy. Ultrasonography permits determination of goiter 
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volume and nodular size for comparison at later followups. 
Size measurements of nodules should provide not only the 
largest diameter but also the three dimensions. For dif-
ferences to be clearly recognizable and hence significant, 
a change in the nodular volume of approximately 30% is 
required.

Substernal extension may be recognized by ultra-
sonography; retrosternal and other dystope goiters are 
not recognizable. To evaluate retrosternal lesions, MRT is  
preferred to CT scan, the latter requiring radiographic 
contrast agents that are contraindicative in cases of sus-
pected malignancy, due to their interference with later 
radioiodine treatment.

Laboratory tests are required to exclude the possibility 
of thyroid malfunction, relying primarily on the deter-
mination of basal TSH. There appears to be an interest-
ing correlation between increasing TSH and thyroid 

History
Physical examination

Basal TSH

Low TSH
Subclinical or overt

hyperthyroidism
in uni/multinodular goiter

Supplementary
ultrasonography

fine needle aspiration
scintigraphy

fT4, fT3 elevated
Hyperthyroidism

in uni/multinodular goiter

Hypofunctional nodule

Fine needle aspiration
cytology

Proof or suspicion of malignancy
Malignant lesion

Benign cytology
Benign nodular disease

1/2 to 1 year
Monitoring by ultrasonography

Increase in size

Suppressed TSH
or TcTUsuppr. �2%
Clinically relevant

autonomy

Uni/multifocal autonomy

Scintigraphy
uptake

Ultrasonography
Size, echogeneity, vascularisation,

characteristics of the nodule
evaluation of lymph nodes

Euthyroid nodular goiter
without clinical suspicion

of malignancy

Histological diagnosis

Newly recognized thyroid nodule
rapid progression tender, painful

nonmovable hoarseness
Enlarged lymph nodes

Clinical suspicion
of malignancy

Figure 81.2 Proposed algorithm for diagnosing a patient with a thyroid nodule.

Table 81.5 Ultrasonography criteria of malignancy in thyroid 
nodules

Criteria Benign Malignant

Edge Sharp Unsharp
Form Regular configuration Irregular configuration
Structure Pure cyst Solid, solid and cystic 

 parts
Echogeneity Hyperechogenic Hypoechogenic
Calcination Absence Macro- or 

 microcalcinations
Halo sign Presence Absence
Vascularity Peripheral circular 

 vascularization
Peripheral and central 
 hypervascularization

Lymph node ,5 mm, oval-shaped 
 central artery visible

.1 cm, round-shaped 
 central artery invisible

Note: Ultrasonography, including color flow measurements 
(Doppler method), is a valuable tool in the differential diagnosis of 
benign and malignant thyroid lesions.
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malignancy (Boelaert et al., 2006). Calcitonin is available 
as a sensitive marker for medullary thyroid carcinoma, 
which is present in approximately 1 of 1000 nodules. 
Thyroglobulin is less specific than calcitonin and indicates 
the presence of thyroid tissue irrespective of its benign or 
malignant nature. It may best be used after total thyroid-
ectomy to reveal recurrent or metastatic differentiated thy-
roid carcinoma. In diffuse goiter, a hypoechogenic pattern 
shown by ultrasonography and elevation of TPO antibod-
ies may discriminate diffuse iodine-deficiency goiter from 
Hashimoto’s thyroiditis.

Thyroid scintigraphy separates hyperfunctioning (hot) 
and hypofunctional (cold) nodules. Hypofunctioning 
nodules are much more likely to harbor malignancy than 
hyperfunctioning nodules.

In cold nodules of more than 1 cm in diameter, cyto-
logical examination by ultrasonography-guided fine needle 
aspiration is generally recommended. Sensitivity and spe-
cificity of the method may vary depending on the a priori 
probability of malignancy of a given nodule, which varies 
in different areas of the world, and on the experience of 
the investigator and pathologist. Published figures range 
from 70–90%. Recent approaches of replacing or supple-
menting conventional cytology by molecular cytoanalyses 
such as microarray assays have not yet found their way 
into routine practice.

General treatment considerations

Overall, the patient’s history, physical examination, labo-
ratory findings, ultrasonographic, scintigraphic, and cyto-
logical results should give a reasonably good estimate as to 
whether we are dealing with a benign or malign thyroid 
pathology – absolute proof may be difficult to obtain – to 
guide decisions on therapy. Probative treatment is not rec-
ommended as a diagnostic tool because shrinkage of the 
mass under levothyroxine would not exclude malignancy.

In case of proven or suspected malignancy, surgery is 
inevitably required to remove the tumor and enable his-
tological diagnosis. If malignancy can be largely ruled out, 
surgery can be avoided, unless necessitated by other rea-
sons, and the patient should be followed.

In case malignancy has not been known prior to the 
operation and is incidentally discovered by histological 
workup, the patient will be reoperated within 4–7 days 
to complete total thyroidectomy. One exception applies 
in younger adults with papillary thyroid cancer measur-
ing less than 1 cm, who show no indications of nodular 
or metastatic spread of the disease, where, because of the 
excellent prognosis, there may be no need for total thy-
roidectomy and subsequent radioiodine treatment.

If malignancy is not a concern, choice of treatment is 
directed by the symptoms and the amount of discomfort 
that the presence of the nodule or goiter causes to the 
patient (Table 81.4). Complaints usually increase with the 

physical extent of the mass, as it becomes more obstructive 
with size and extension to the mediastinum. There are, 
however, some exceptions where the objective finding and 
subjective impairment may differ widely. Goiters exceed-
ing 40–50 ml in volume and nodules larger than 2–3 cm 
are apparent candidates for surgery (Table 81.2).

In these patients, radioiodine is generally less favored 
and considered with reluctance, but should not be ruled 
out entirely, particularly since therapeutic uptake of radio-
activity may be increased by stimulation with recombinant 
human TSH. Radioiodine may be a means to achieve 
some symptomatic relief in selected patients.

Surgery

Methods of surgery include: in cases of proven thyroid 
cancer, total thyroidectomy with lymphadenectomy; in 
cases of suspected malignancy, hemithyroidectomy of the 
lobe harboring the node to avoid reoperation on the same 
side; and finally, functional resections removing all of the 
pathological tissue and preserving the healthy tissue, as 
discussed above (Gimm et al., 2002). Details regarding the 
treatment of thyroid cancer are beyond the scope of this 
chapter.

Surgical techniques have improved and become more 
refined during recent years. Minimally invasive techniques 
are widely employed and favored, whenever possible, over 
conventional open surgical procedures, which are still 
more appropriate in cases of large goiters or suspected 
malignancy (Miccoli et al., 2006; Schabram et al., 2004). 
The complications are sought to be minimized by the use 
of neuromonitoring devices (Gimm et al., 2002).

Complication rates may vary somewhat depending 
on the extent of the operation and experience of the sur-
geon (Thomusch et al., 2003). Also, reoperations present 
a higher risk to the patient (Gibelin et al., 2004). More 
common complications experienced by 1 in 100 patients, 
respectively, include paralysis of the nervus recurrens and 
hypoparathyroidism caused by intraoperative mechanical 
or vascular damage to the parathyroid glands. About half 
of the events are temporary and may resolve over time, 
either spontaneously, or by logopedic training.

Natural course and medical treatment

In contrast to surgery, which is able to remove the mass 
and relieve the symptoms, medical treatment options are 
much less effective.

As for the natural course of benign nodular thyroid dis-
ease, nodules tend to grow slowly but more rapidly than 
the nonnodular goiter tissue (Quadbeck et al., 2002) 
(Figure 81.3). In a study of our own group, half of the 
nodules displayed a significant increase in size by at least 
30% only after a period of 3 years (Quadbeck et al., 2002) 
(Figure 81.3). Treatment studies therefore need to address  
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the long-term effects, rather than short-term changes, 
brought about by any kind of therapy. Unfortunately, 
there are only a few studies available to provide more rig-
orous evidence satisfying the EBM criteria as to the effi-
cacy of medical treatment of thyroid nodules. Our own 
data do not support the assumption of a major therapeutic 
effect of medical therapy, particularly the administration of  
levothyroxine on thyroid nodular growth (Quadbeck et al., 
2002). This was true, irrespective of whether levothyroxine 
was given in a TSH-suppressive or a nonsuppressive man-
ner. In accord with our data, meta-analyses have shown 
little or no benefit of TSH-suppressive levothyroxine treat-
ment of thyroid nodules; nevertheless, some individual tri-
als have demonstrated some benefit of thyroxine treatment 
(Castro et al., 2002; Papini et al., 1998; Zelmanovitz et al.,  
1998). From a pathophysiological point of view, a lack 
of exogenous therapeutic influence may not be surprising 
and may be readily explained by the clonal nature of the 
adenomas and the presence of mutations that make them 
grow autonomously, independent of physiological regula-
tors, such as TSH or iodine.

Although the influence of medical therapies on the 
growth of existing thyroid nodular disease appears to be 
limited, their use may be warranted for other reasons, 
such as treatment of the surrounding diffuse goiter, which 
is more responsive than the nodules, or prevention of the 
formation of new nodules. In contrast to its lack of effect 
on existing nodules, iodine has been proven to be highly 
effective in preventing the formation of thyroid nod-
ules, as well as of diffuse goiter (Burgi et al., 1990; Lind  
et al., 2002). Obviously, iodine is only advisable in 
patients with iodine deficiency and only applicable under  

euthyroid conditions. Its use is generally not recommended 
in countries with normal iodine supply and should also be 
discontinued after the occurrence of suppressed TSH.

Medical treatment modalities

There are three medical treatment options currently 
available:

l use of levothyroxine;
l use of iodine; and
l a combination of the two.

The underlying pathophysiological concepts of treat-
ment by iodine and levothyroxine are different. Iodine 
aims to reduce cell proliferation and hyperplasia of thy-
rocytes, which are regulated by iodine-dependent local 
growth factors rather than by pituitary-derived TSH. 
Levothyroxine puts the thyroid to rest by suppressing TSH 
and reduces cellular hypertrophy due to TSH stimulation 
(Stubner et al., 1987). A combination of these two agents 
would therefore, at least in theory, yield additive effects.

Iodine is considered to act more causally and, whenever 
possible, is favored over levothyroxine. Iodine treatment 
is highly effective for diffuse goiter of younger patients, 
especially children and young adults (Lind et al., 2002). It 
may also be employed as a preventive measure in iodine-
depleted areas, and is generally recommended for all preg-
nant women and other patients at risk.

Iodine is not recommended for patients with noniod-
ine-deficiency goiters of immunogenic origin (Hashimoto’s 
thyroiditis).

The therapeutic dosage of iodine is in the range of 100–
200 g/day. Side-effects of low doses are rare and minor, 
consisting mainly of iodine-induced acne. Contraindications 
for the use of iodine are all states of subclinical or overt 
hyperthyroidism, thyroid autoimmune diseases and the rare 
dermatological disease Dermatitis herpetiformis Duhring.

Treatment with levothyroxine is favored in patients with 
elevated TSH, indicating subclinical or overt hypothy-
roidism, mostly due to Hashimoto’s thyroiditis. In diffuse 
goiter and nodular thyroid disease, the former practice 
of sole levothyroxine administration, without additional 
measures to correct iodine deficiency, has become obso-
lete, unless the patient lives in an area of ample alimentary 
iodine supply.

A combination of iodine and levothyroxine is prefer-
ably applied if monotherapy by iodine has failed or TSH is  
relatively high (.2 mIU/l), which may frequently be the 
case after prior thyroid surgery leaving a small residual 
gland (,9 ml).

A variety of brands providing fixed combinations of 
the two compounds (100–150 g iodine and 50–150 g  
levothyroxine) are available.
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Figure 81.3 Growth pattern of goiter versus thyroid nodules. 
The figure shows that thyroid nodular growth exceeds that of the 
whole thyroid gland of a patient. Numbers indicate the percent-
age of nodules or goiters that have grown over the period of time, 
as defined by an increase in volume of at least 30%. Reproduced 
with permission © Georg Thieme Verlas Stuttgart, New York from 
Quadbeck et al., (2002).
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Table 81.6 summarizes the differential treatment options.
Whether given solely or in combination with iodine, 

overtreatment by levothyroxine has to be avoided. A low-
normal TSH between 0.5 and 1 mIU/l appears to be safe 
and efficacious.

The side-effects of levothyroxine increase with the dose 
and resemble those of hyperthyroidism (tachycardia, cardiac 
arrhythmias, trembling, nervousness, restlessness, sleeping 
disorders, diarrhea, heat intolerance, hair and weight loss). 
Allergies may rarely occur and are due to other substances in 
the formulation rather than the natural hormone.

Despite the wide adoption of aut idem regulations in 
many countries, levothyroxine preparations are not readily 
interchangeable, because the galenic properties of generic 
brands have been shown to vary considerably and exert 
variable degrees of TSH suppression at the same levothy-
roxine dose (Krehan et al., 2002).

In a number of smaller clinical trials that have been 
conducted, none of the three modes of medical therapy 
(iodine monotherapy, levothyroxine monotherapy, or a 
combination of the two) have been shown to be superior 
to the others (Hintze and Kobberling, 1992; La Rosa et al., 
1995). The maximum benefit to be expected of any medi-
cal treatment is a reduction in volume of at most 30%  
of the total thyroid gland, and even less in that of   
nodular size.

Treatment recommendations

When discussing the choices of treatment with the patient, 
suspicion of malignancy of a large goiter or presence of a 
large nodule would certainly suggest surgery to be the most 
preferable option in treating hypofunctioning nodules and 
nontoxic multinodular goiters. As for medical alterna-
tives in the absence of an indication for surgery, goals are 
threefold: reduction of nodular and goiter size; correction 
of the causative iodine deficiency; and prevention of fur-
ther disease progression. Aiming at the long-term course 
appears to favor iodine-based treatment regimens over the 

use of levothyroxine. Recommendations on iodine have to 
consider the regional differences in iodine supply, because 
iodine has a low therapeutic range and both deficiency 
and overtreatment are to be avoided (Bulow Pedersen  
et al., 2002). While a patient may need extensive diagnos-
tic work-up at the initial presentation, routine follow-up 
visits should be scheduled at reasonable intervals (once 
per year) and limited to necessary measures (TSH deter-
mination, ultrasonography), thus avoiding costly excessive  
diagnostic repeats.

Prophylaxis of progressive or  
recurrent disease

Iodine is effective in preventing diffuse goiter and nodu-
lar thyroid disease, as evidenced by considerable reduc-
tion in the prevalence of these disorders in many countries 
following the introduction of mandatory salt iodization 
programs (Burgi et al., 1990; Lind et al., 2002). It should 
therefore be instituted as an obligatory long-term meas-
ure to prevent progressive or recurrent disease after any 
successful therapy of toxic or nontoxic, diffuse or nodu-
lar goiter by means of radioiodine or surgery. Doses range 
between 100 and 200 g/day of iodine, depending on the 
degree of iodine deficiency prevalent in the area. Iodine 
treatment should be combined with levothyroxine, when 
appropriate, for functional reasons after the removal or 
destruction of a large proportion of the thyroid gland, 
as in cases of remaining thyroid volume of less than 9 ml 
and a basal TSH value higher than 2 mIU/l. Solid EBM 
criteria guiding postoperative situations are largely lacking. 
Recurrent disease has been reported to develop in up to 
20% of patients, depending on a number of factors such 
as time of follow-up, age of the patient, multinodularity, 
radicality of the surgical procedure, and amount and qual-
ity of the residual tissue (Carella et al., 2002; Feldkamp 
and Scherbaum, 1998; Gibelin et al., 2004; Hegedus  
et al., 1999).

Summary Points

l Diffuse goiter and nodular thyroid disease frequently 
arise as a consequence of long-lasting alimentary iodine 
deficiency.

l From a functional point of view, euthyroid diffuse 
goiter and hypofunctional thyroid nodules have to be 
discerned from hyperthyroid conditions, mainly toxic 
adenoma and toxic multinodular goiter.

l In hypofunctional nodules, discrimination between rare 
malignant and frequent benign thyroid lesions is a major 
challenge.

l Therapeutic options include drugs, radioiodine treat-
ment and surgery.

l Radioiodine treatment is particularly well-suited for 
toxic adenoma and multinodular toxic goiter. Surgery is 

Table 81.6 Differential treatment options

Iodine treatment
  Children, adolescents, adults with nontoxic diffuse or nodular 

goiter

Combined iodine levothyroxine treatment
 Small residual gland or TSH elevation postsurgery
 Unsatisfactory effect of single agent

Levothyroxine treatment
 Overt or subclinical hypothyroidism
 Goiter in euthyroid autoimmunthyroiditis

Note: Treatment of diffuse or nodular nontoxic goiter requires 
substitution of iodine either alone or in combination with 
levothyroxine, while treatment of hypothyroidism unrelated to 
iodine deficiency is achieved by a pure hormone substitution.
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required in cases of suspected malignancy and large goit-
ers or nodules causing symptoms of obstruction.

l While the efficacy of both levothyroxine and iodine 
in existing disease is limited, prevention of the occur-
rence or recurrence of diffuse or nodular goiter is readily 
achieved by small amounts of iodine correcting iodine 
deficiency.
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Abstract

Potential pharmacological use of iodine unrelated to thy-
ronine chemistry is a current area of interest for research-
ers. This chapter examines the side-effects associated with 
chronic daily oral administration of molecular iodine (I2) 
at levels above the recommended dietary tolerable upper 
intake level (UL), using controlled studies in mastalgia 
patients whose symptoms are associated with fibrocystic 
breast tissue. The recommended dietary allowance (RDA) 
for iodine in adult men and women in the United States is 
150 g/day; the dietary UL suggested for the general popu-
lation is 1100 g/day (1.1 mg/day). The thought process 
that underlies the RDA and UL incorporates safety consid-
erations and adequacy of thyroid function. Iodide oxidation 
in tissues known to concentrate iodide (thyroid, mammary) 
yields at least two different iodine species that can iodinate 
biomolecules. Several researchers have suggested an antipro-
liferative activity for I2. Tissue distribution of iodine atoms 
from orally administered I2 is distinct from that for iodide, 
as a significant percentage of iodine from I2 is associated 
with lipids. The antiproliferative activity of some iodinated 
lipids is essential for thyroid autoregulation. The thyrotoxic-
ity of orally administered iodide and I2 are distinct; iodide 
has been shown to be more thyrotoxic than I2. Nevertheless, 
controlled data in female patients treated chronically with 
daily I2 suggests a dose–response relationship with respect to 
subclinical thyroid findings.

Abbreviations

AE Adverse event
FBC Fibrocystic breast condition
FT3 Free triiodothyronine
I2 Molecular iodine
IL Iodinated lipid
LPO Lactoperoxidase

MCF-7 Human breast adenocarcinoma cell line
NIS Sodium iodide symporter
OTC Over the counter
RDA Recommended daily allowance
T3 Triiodothyronine
T4 Thyroxine
Tg Thyroglobulin
TH Thyroid hormone
TPO Thyroid peroxidase
TPOAb Antibodies to TPO
TSH Thyroid-stimulating hormone
UL Tolerable upper intake level

Introduction

It has been suggested that treatment with supraphysiologic 
levels of iodine has potential therapeutic uses beyond thy-
ronine function (Miller, 2006). Some clinicians believe 
that all tissues in the human body should be saturated 
with iodine (Flechas, 2005). Maintenance of the equilib-
rium between thyroidal and extrathyroidal iodine is esti-
mated to require about six times the tolerable upper intake 
level (UL) (Berson and Yalow, 1954). Controlled chronic 
safety data for daily iodine intake at these levels are diffi-
cult to find even though physicians prescribed daily iodine 
therapy at doses that ranged from 10 to 100 times the UL 
during the first half of the twentieth century (Kelly, 1961).

Thyronine–receptor complexes stimulate or inhibit gene 
expression in almost every tissue in the human body, and 
therefore necessarily command our focus. The result is a 
thyroid hormone (TH)-centric perspective of iodine physi-
ology that persuades us to avoid consideration of nonthyro-
nine pharmacologic activity associated with iodine. The role 
for so-called extrathyroidal iodine has been discussed in the 
literature as iodide uptake in the majority of breast cancers 
has aroused the interest of several researchers (Venturi et al., 
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2000; Venturi, 2001). The question of extrathyroidal iodine 
is worthy of consideration as the path to understanding the 
relationship between dietary iodine intake and conditions, 
such as autoimmune thyroid disease, may lie outside TH 
biochemistry.

There is no suggestion that iodine intake above the UL 
is required to maintain tissue-specific TH concentrations, 
although tissue-specific regulation of THs via the action of 
deiodinases plays an important role in mild and moderate 
iodine deficiency (Obregon et al., 2005; Pedraza et al., 2006). 
The pharmacological activity of supraphysiological levels of 
iodine is putatively associated with the antioxidant activity of 
iodide (Winkler et al., 2000; Schmut et al., 2004; Berking 
et al., 2005)and/or the antiproliferative activity of molecu-
lar iodine (I2) (Zhang et al., 2003, 2006; Shrivastava et al., 
2006). Wolff (1989) describes the paradoxical relationship 
between iodination of tyrosyl groups leading to THs versus 
the iodination of alternate substrates that leads to formation 
of antiproliferative agents. Antiproliferative activity unrelated 
to THs has been demonstrated in several model systems, and 
has led some to suggest the use of I2 as an adjuvant therapy 
for breast cancer patients (Torremante, 2004). This chapter 
provides an overview of the safety of daily I2 administration 
and provides data on its potential clinical application with 
mastalgia patients.

Iodine Chemistry

Iodine can adopt a range of oxidation states, and various 
iodine species exist in an aqueous environment: 1 to 5, 
e.g., 1 (iodide, I);   1 (hypoiodous acid, HOI); 5 
(iodate, IO3

− ). The oxidation of iodide by reactive oxy-
gen species, such as H2O2, has been studied since the early 
1920s. Two of the primary variables that determine the 
concentration and distribution of iodine species formed 
during the oxidation of iodide are pH and iodide. The 
effect of pH is dramatic; the effect of iodide is nonlinear in 
that the rate of formation of I2 or hypoiodous acid (HOI) 
can increase or decrease as iodide is increased, depending 
on the precise experimental conditions (Gottardi, 1999).

The oxidation of iodide is a perquisite to the formation of 
bioactive molecules that contain iodine. The reaction prod-
ucts from thyroid peroxidase (TPO) and lactoperoxidase 
(LPO) catalyzed iodide oxidation are known to be a func-
tion of iodide concentration. I2 is formed and released by 
these enzymes at elevated iodide concentrations (Magnusson 
et al., 1984). Taurog (1970) suggested that the forma-
tion of I2 could be responsible for some aspects of iodide 
regulation. This suggestion by Taurog preceded a complete 
description of aqueous iodine equilibria, which was only 
made possible by computer modeling. A material math-
ematical description of iodine equilibria was first published 
in 1981 (Gottardi, 1981). The model was further refined, 
and a complete description of the underlying effect of pH 

and iodide concentration on the formation of more than 
eight different iodine species has been published (Gottardi, 
1999). The medical literature exploring iodide oxidation in 
biological systems has not fully incorporated these results 
that demonstrate that I2 and HOI cannot be formed inde-
pendently in an aqueous environment. The formation of I2  
necessarily leads to the formation of HOI under physio-
logical conditions, and this has potential consequences for 
iodination of biomolecules.

The mechanism of thyroglobulin (Tg) iodination has 
been intensely debated and remains an open question; 
the specific controversy focuses on whether or not iodi-
nation of Tg tyrosyl groups occurs via an enzyme-bound 
intermediate, or by freely diffusing iodination equivalents 
released from TPO. It is clear, however, that TPO actuates 
nonspecific iodination reactions in the thyroid. The two 
chemical species of iodine that can iodinate biomolecules 
under physiologic conditions are HOI and I2. Dunford 
and Ralston (1983) demonstrated that HOI, not I2, is the 
primary species that iodinates tyrosine in aqueous environ-
ments that contain both I2 and HOI. I2 is likely to be the 
species that is responsible for the iodination of lipids. The 
distinct pharmacological and toxicological properties of 
iodide and oxidized iodide (I2) have been a topic of some 
interest in the literature, as some activity not associated 
with THs has been ascribed to I2.

Nonthyronine Pharmacologic Activity

A large number of clinical and nonclinical studies demon-
strate that iodine exerts pharmacological activity unrelated 
to thyronine. The most thoroughly examined area relates to 
the mechanism underlying the autoregulatory effect in the 
thyroid. A second area of research that has received atten-
tion is the effect of iodine on the mammary tissue. These 
two areas are briefly reviewed here as they provide insight 
into the clinical data that will subsequently be discussed.

Iodinated lipids

Iodinated lipids (ILs) play an important role in thyroid 
autoregulation (Boeynaems et al., 1995; Dugrillon, 1996; 
Gartner et al., 1996). Boeynaems and Hubbard (1980) 
demonstrated the conversion of arachidonic acid into 
iodinated metabolites such as 6-iodo-5-hydroxy-8,11, 
14-eicosatrienoic acid by LPO, iodide and H2O2. The 
formation of this iodinated lipid is inhibited by methi-
mazole, suggesting the requirement for iodide oxidation. 
Four different ILs have been identified in mammalian 
thyroid cells: 6-iodo-5-hydroxy-8,11,14-eicosatrienoic 
acid (-iodolactone); -iodohexadecanal (IHDA); 5-iodo-
7,10,13,16,19-docosapenta-enoic acid (-lactone); and 
14-iodo-l5-hydroxy-5,8,11-eicosatrienoic acid (-lactone). 
Two of the four identified iodinated lipids are known to 
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express biological activity. The fact that only two of the 
four identified lipids express activity is consistent with a 
nonspecific iodination mechanism, i.e., not an active site 
mediated biosynthetic reaction directed to a specific end 
product.

Research of the past 25 years demonstrates that the phar-
macological activity of nonthyronine mediators plays an 
essential role in thyroid autoregulation (Panneels et al., 1994; 
Dugrillon and Gartner, 1992; Langer et al., 2003). The data 
suggests that ILs are formed in the thyroid via nonspecific 
iodination reactions catalyzed by the release of oxidized 
iodide species from TPO (Kessler and Hooge, 2007).

Mammary tissue

Studies with Iodide The uptake of iodide in the ductal 
tissue of the mammary gland has been studied for over five 
decades (Honour et al., 1952). Potter et al. (1959) showed 
that the lactating mammary gland of the rat actively 
secretes iodine, and that this is a major pathway for iodine  
elimination, with up to 50% of circulating radioactive 
iodine recovered in milk after 24 h. Strum (1978, 1979) 
studied the ability of the mammary gland to take up and 
organically bind radioiodide in nonpregnant, pregnant and 
lactating rats, and in nonpregnant animals on an iodine- 
deficient diet. Tissues from control (nonpregnant) animals 
showed a low in vivo uptake of iodine. Uptake in animals 
given estradiol was more pronounced in iodine-deficient 
animals than in controls.

Several investigators studied the effect of iodine defi-
ciency on the mammary gland, and reported that when 
rats are kept iodine deficient, the structure of the mam-
mary gland is altered (Eskin et al., 1967; Aquino and 
Eskin, 1972). Iodine deficiency is associated with atrophic 
changes, as well as areas of dysplasia and atypia. The gland 
also becomes highly sensitive to stimulation by estradiol, 
which makes the gland hyperplastic and leads to the form-
ation of cysts. Japanese investigators reported a suppressive 
effect of iodine on 7,12-dimethyl benzanthracene-induced 
mammary tumors in rats, and a marked suppression when  
iodine and medroxyprogesterone acetate were given together  
(Kato et al., 1994; Funahashi et al., 1996). Eskin et al. 
(1974) reported that uptake of iodine in abnormal breast 
tissue is increased. Data from subsequent studies support 
the suggestion that the concentration of iodine in fibro-
cystic breast tissue is higher than in histologically normal 
tissue (Kilbane et al., 2000).

Dr Keisuke Iwamoto used genetically-modified human 
breast adenocarcinoma cell line (MCF-7) cells to overex-
press sodium iodide symporter (NIS) and/or LPO, to test 
the hypothesis that the survival advantage conferred by 
iodide to human breast cancer cells requires the suppression 
of LPO, i.e., iodide, but not oxidized iodide (I2) (Iwamoto 
and Kim, 2005). The model used ionizing radiation (IR) 

to demonstrate that overexpression of NIS conferred radio-
resistance on MCF-7 cells. This effect was apparently due 
to iodide intake as perchlorate eliminated radioresistance. 
However, overexpression of LPO was associated with: (1) a  
decrease in plating efficiency; (2) reduction in the absolute 
number of surviving cells; (3) growth rates below those of 
control cells and unirradiated cells; and (4) a reduction in 
invasiveness. This study underscores the dichotomy that 
exists in our understanding of iodine physiology as it relates 
to thyroid function, as opposed to the pharmacology of 
iodine not associated with THs.

Iodide versus Molecular Iodine (I2) The disparate 
pharmacological and toxicological activity associated with 
iodide as compared to I2 has been explored by a number 
of researchers in a range of model systems. The reader is 
cautioned that the literature must be read with care, as 
some studies that purport to examine I2 suffer from inap-
propriate handling of this idiosyncratic species (Robison 
et al., 1998). I2 reacts with water and therefore cannot be 
stored in an aqueous environment for a prolonged time; 
the instability is exacerbated at basic pH as I2 will rapidly 
convert into HOI and other species (Wyss and Strandskov, 
1945).

Changes in thyroid and mammary tissue in iodine-
deficient rats were studied after exposure for 10 days to 
either iodide or I2 in drinking water (Eskin et al., 1995). 
Drinking water with iodide eliminated thyroid gland 
hyperplasia, but I2 did not. Lobular hyperplasia of the 
mammary gland was reduced with I2, but increased with 
iodide. The authors concluded that these two forms of 
iodine have different tissue specificities.

The relative toxicological and pharmacological proper-
ties of iodide versus I2 were examined in a series of stud-
ies. Acute exposure of iodide in fasted rats resulted in 
rapid distribution of iodine into the thyroid. In compari-
son, thyroid uptake of iodine from I2 was depressed, and 
retention of iodine in thyroid at 72 h was about 30% less 
(Thrall, 1990). A statistically different association of radio-
active iodine was observed in the whole blood, blood cells, 
lipids, albumin, globulin and serum water when iodine 
was administered as I2 as compared to iodide. A larger 
percentage of the iodine administered as I2 was retained 
in the stomach contents and ultimately was covalently 
bound to a lipid material (Thrall et al., 1992). The per-
centage of iodine retained in thyroid 72 h after I2 admin-
istration was 70% and 58% of the amount observed 
from iodide (Thrall, 1990). I2 in drinking water was less 
effective than iodide in suppressing thyroid uptake of a 
challenge dose of 125iodide in dosing studies conducted 
for 100 days. Significant increases in thyroid size were 
observed in male rats treated with iodide, but not with 
I2 (Sherer et al., 1991). Subsequent studies (Garcia-Solis  
et al., 2005) examined the influence of perchlorate on 
iodine incorporation from orally administered I2 or iodide. 



The administration of I2 resulted in half as much iodine 
uptake in the thyroid as iodide; perchlorate (6 mg i.p., 2 h 
predosing) reduced thyroidal uptake from iodide by more 
than 90%, as compared to 40% with I2.

All studies that have used a valid I2 dosage form have 
concluded that iodide and I2 have distinct pharmacoki-
netic and toxicological properties. The antioxidant and 
antiproliferative activities of I2 are further elaborated 
in this text and in Chapter 26 authored by Dr Carmen 
Aceves, whose studies with I2 have greatly expanded our 
understanding in this area.

The mere presence of peroxidase, H2O2, and iodide are 
not necessarily sufficient to ensure formation of I2. Tissues 
must be capable of concentrating iodide at a sufficient 
threshold such that the iodide anion can itself compete 
for binding to the enzyme-bound hypoiodous acid inter-
mediate to yield I2. Currently no evidence exists outside 
of thyroid and mammary tissue to support the formation 
of iodinated by-products, although both the salivary gland 
and ovaries concentrate iodide and express a peroxidase.

While there is direct experimental evidence indicating 
that I2 is less thyrotoxic than iodide, little safety data exists 
exploring the safety of orally administered I2 in humans. 
The results of all controlled human clinical trials con-
ducted with I2 are reported below.

Clinical Trials with I2
Fibrocystic breast condition (FBC)-associated mastalgia is 
a common pain disorder characterized by periodic, cyclic, 
pain, breast tenderness and nodularity, and quite limited 
treatment options. The etiology and pathophysiology of 
FBC and mastalgia remain unclear. Current hypotheses 
suggest subtle hormonal imbalances in the hypothalamic–
pituitary axis. Uncontrolled studies in over 1000 women 
(Ghent et al., 1993) provided clinical support for the effi-
cacy and safety of I2 in the treatment of mastalgia patients. 
This chapter will provide data from subsequent studies with 
I2 that can be segmented into: (1) studies that treated clin-
ically impacted patients to explore efficacy; or (2) studies 

that examined safety by exposing (a) iodine-adapted  
patients to I2 or (b) iodine-naive patients with normal 
physiologic breast pain to I2. A list of the studies con-
ducted with I2 is provided in Table 82.1.

Placebo-controlled human efficacy trials with 
molecular iodine (I2)

MX02-CLN-04 – Aqueous I2 (5 mg/day) Aqueous I2 
was used in the first randomized, double-blind, placebo-
controlled study (MX02-CLN-04) to examine the clini-
cal effects of I2 in women with mastalgia associated with 
fibrocystic breast changes. The study was conducted at the 
Virginia Mason Clinic in Seattle, WA. All patients were 
euthyroid and demonstrated clinical and mammographic 
findings consistent with the diagnosis of fibrocystic breast 
changes. Patients were required to have a history of severe 
mastalgia (cyclic or noncyclic). Physicians rated breast  
tenderness on a scale of 0–20, with 0 representing no pain 
and 20 as exquisite pain; over 70% of the enrolled patients 
were scored as 20 out of 20 at baseline.

Exclusions included a history of thyroid disease (e.g., 
Graves’ disease or adenoma), pregnancy, or cosmetic breast 
reduction. Patients ranged in age from 25 to 64 years. Data 
were collected on a total of 92 patients: 46 in placebo and 
46 in the active arm. The active and placebo groups were 
similar in age (25–64) and weight (45–112 kg) charac-
teristics. In the course of the trial, patients experienced an 
interruption of the drug due to a lack of supply. Of the 92 
patients, 54 were compliant (daily dosing for 7 months) and 
38 experienced a treatment interruption (i.e., noncompli-
ant) due to nonavailability of the drug. In the active arm 
23 patients were compliant, and 23 experienced a dosing 
interruption (noncompliant). This interruption in dosing 
led to a study with an additional treatment arm that allows  
comparison between the two treated groups, i.e., compliant 
and noncompliant.

The screening phase was followed by a 7-month treat-
ment phase; safety and efficacy assessments were made 
after 1, 3, and 7 months. Clinical laboratory assessments 
included TH tests. Adverse events (AEs) were evaluated  

Table 82.1 Mastalgia trials with an I2 dosage form

Study number Size Duration (months) Trial type I2 dosage form

MX02-CLN-04 92 7 Efficacy iodine-naive patientsa Aqueous I2
MX02-CLN-05 923 36 Safety iodine-adapted patientsb Solid I2
MX02-CLN-09 136 6 Safety iodine-naive patientsa,c Solid I2
MX02-CLN-07 389 6 Safety iodine-naive patientsa,c Solid I2
SYM-CL-02 111 6 Efficacy iodine-naive patientsa,c Solid I2

Note: Abbreviation: I2, molecular iodine.
aPlacebo-controlled, double-blind, randomized.
bUncontrolled, single-center.
cMulticenter trial, double-blind, randomized.
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using a structured instrument that included known symp-
toms of iodine therapy: rash, diarrhea, acne, nausea, 
hypothyroidism, hyperthyroidism and hair loss. Efficacy 
was assessed by: (a) scoring breast tenderness on a scale 
from 0 to 20; (b) scoring nodularity on a scale from 0 to 
20; (c) scoring fibrosis on a scale from 0 to 20; (d) rat-
ing breast hyperactivity (a cone shaped density behind 
the areola) from 0 to 6; and (e) counting the number of 
macrocysts. The total score for each breast was computed 
individually.

The breast examination scores are shown in Table 82.2. At  
baseline the mean breast scores for the placebo (35.3   
16.4) and the I2 treatment group (37.3  16.4) were not 
statistically different. At the end of the trial, patients on I2 
exhibited a statistically significant (p  0.001) reduction in 
the mean breast examination score of 23.9, as compared 
to a change of 2.6 for the placebo group. A reduction in 
the mean breast examination score of 70% (29.1/42.0) 
was demonstrated in the compliant I2 treatment group. A 
statistically significant change (p  0.01) was also observed 
when comparing the I2 compliant group (no dosing inter-
ruption) with the I2 noncompliant group; likewise, statis-
tical significance (p  0.01) was reached in a comparison 
between the noncompliant I2 treatment group and placebo. 
No difference ( p  0.99) between the compliant and the 
noncompliant placebo treatment groups was observed.

No serious AEs were reported in this study. The I2 
treatment group reported 5 (11%) AEs as compared to 10 
(22%) in the placebo group. The AEs in the I2 group were 
acne, constipation, weight loss, loose stools and polyuria;  
the placebo group reported three instances of acne in add-
ition to headache, gas (n2), dry mouth and nausea. No 
overt or subclinical thyroid conditions were observed.

I2 reacts with water to yield a complex mixture of 
iodine species including iodide, iodate and triiodide, and 
this complicates the evaluation of safety data from this 
trial. The total dose of iodine provided to these patients 
probably exceeded the estimated upper limit of 5 mg/day. 
Symptoms associated with hyper- or hypothyroidism 
were observed, but no statistically significant differences 

between the placebo and treated groups were measured. 
It should be noted that the significant clinical benefit 
observed in this specific population in no way implies that 
elevated I2 intake would be beneficial in reducing normal 
physiologic breast pain or fibrosis not associated with clini-
cal mastalgia. The concept of normal versus clinical breast 
pain has been defined in parts of Europe, but no standard 
of care exists in North America.

SYM-002 – Solid I2 SYM-002 was a multicenter, rand-
omized, double-blind, placebo-controlled study that dosed 
patients for 6 months with 0.0, 1.5, 3.0 and 6.0 mg I2 in 
a ratio of 1:1:2:2. Healthy euthyroid mastalgia patients 
between the age of 18 and 50 who were unresponsive to 
conservative treatments, such as over-the-counter (OTC) 
analgesics, were eligible for the study. Subjects needed toi-
dentify a history of at least 6 months of moderate or severe 
breast pain, and to document at least 6 days per cycle  
of a score 5 cm with VAS pain daily. Patients presented 
at least several diffuse nodules or increased thickness of 
breast tissue involving at least 25% of both breast surfaces. 
Subjects with a history of thyroid disease or positive TPO 
antibodies (TPOAb) were excluded, as well as those who 
started or stopped hormonal therapy within 6 months of 
enrollment. Laboratory assessment included a chemistry 
profile, hematology analysis, urinalysis and thyroid func-
tion tests (T3, T4, TSH, FT3).

Investigators performed categorical assessments of 
pain, tenderness and a breast examination using struc-
tured instruments. Physicians scored pain and tenderness 
as none, mild, moderate, or severe. Each symptom or  
finding was assessed separately for each breast. In sub-
jects whose symptom intensity differed between breasts, 
symptoms were graded on the basis of the breast having 
the greatest degree of involvement. The Lewin group’s 
validated breast pain scale (Bloor et al., 1997) was com-
pleted by patients at baseline and after 3 and 6 months of 
treatment.

There was a statistically significant (Spearman’s correla-
tion coefficient  0.962, p  0.001) correlation at baseline 

Table 82.2 Mean breast examination scores by treatment group (aqueous I2)

Population Treatment group Baseline score (SD) Post treatment score (SD) Change (SD)

All I2 (n  46) 37.3 (16.4) 13.5 (12.7) 23.9 (18.1)a

Placebo (n  46) 35.3 (16.4) 32.7 (16.7) 2.6 (8.9)a

Compliant I2 (n  23) 42.0 (14.4) 12.9 (12.6) 29.1 (18.2)b

Noncompliant (dose 
 interruption)

I2 (n  23) 32.7 (17.2) 14.0 (13.1) 18.7 (16.7)b

Notes: Patients were dosed daily for 7 months with 5 mg aqueous I2 (molecular iodine). Breast examination scores were calculated by 
summing the rating for five symptoms (tenderness, nodularity, fibrosis, hyperactivity and macrocysts) in each breast. The “compliant” 
population did not experience interruption of dosing. The “non-compliant” group experienced a dosing interruption of about 1 month on 
average.
aIndicates a statistically significant difference (p  0.001).
bIndicates a statistically significant difference (p  0.01).
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between the categorical pain assessments made by physi-
cians and patient self-assessment for the Lewin overall breast 
pain scale; this relationship was maintained even as subjects 
moved between categorical rankings, month 3 (Spearman’s 
correlation coefficient  0.973, p  0.001) and month 6 
(Spearman’s correlation coefficient  0.966, p  0.001).

At baseline the placebo (mean overall pain  37.7) 
and pooled treatment groups (mean overall pain  38.4) 
reported scores that were not significantly different. After 
3 months of therapy, the pooled treatment group dif-
fered significantly from the placebo group with respect to 
the four symptoms that comprise the Lewin breast pain 
scale: dull aching pain (p  0.02); sharp shooting pain 
(p  0.05); pain during movement (p  0.02); pain from 
pressure (p  0.05); and overall pain (p  0.02). After 3 
and 6 months of double-blind therapy, subjects on pla-
cebo reported a slight increase, 20% and 8%, respectively, 
in Lewin overall breast pain scale, as compared to a reduc-
tion reported in all treatment groups. The magnitude of 
pain reduction increased with dose in a statistically signifi-
cant manner at both month 3 (p  0.01) and month 6 
(p  0.01). The majority of change in the Lewin overall 
pain scale occurred by month 3 for the three treatment 
groups and all of the benefit in the 6.0 mg/day group was 
observed by month 3, i.e., 45.4% and 45.0%, respectively.

Of the 111 patients enrolled and randomized, 24 par-
ticipants discontinued early: 2 (11.8%) were in the placebo 
group; 5 (31.3%) in the 1.5 mg/day group; 7 (18.4%) in 
the 3.0 mg/day group; and 10 (25.0%) in the 6.0 mg/day 
group. The concentration of I2 was not associated with 
increases in incidence, severity, or causality of treatment-
emergent adverse events. No clinically significant changes 
in laboratory parameters or vital signs were observed as 
compared to placebo. The 10 most frequently reported 
treatment-emergent AEs were as follows: upper respira-
tory tract infection (n  29; 26%); headache (n  23; 
20%); sinusitis (n  14; 12%); nausea (n  11; 9.9%); 
acne (n  10; 9.0%); back pain (n  10; 9.0%); diarrhea 
(n  10; 9.0%); dyspepsia (n  9; 8.1%); rash (n  9; 
8.1%); and abdominal pain (n  7; 6.3%). Headaches 
were the only AE that occurred in a different proportion 
among the treatment groups; 41% of the placebo group 
reported headaches as compared to 6.3% in the 1.5 mg/
day group, 26% in the 3.0 mg/day group, and 12% in 
the 6.0 mg/day group (p  0.05). There was no statisti-
cally significant difference in the dropout rate for patients 
on placebo (11.8%), 1.5 mg/day (31.3%), 3.0 mg/day 
(18.4%), or 6.0 mg/day (25%).

No statistically significant change was observed in any 
of the five thyroid function tests (T3, FT3, T4, T-uptake, 
TSH) for any treatment group, as the mean changes were 
all within the normal range. No significant shifts either up 
or down in change from baseline to minimum or maxi-
mum were observed. No statistically significant differences 
among treatment groups were observed for mean change 

from baseline to minimum, except for T (p  0.05). The 
largest mean change (1.2 mU/ml) from baseline to the 
maximum value in TSH at any time point was observed 
in the 6.0 mg/day treatment group. Low TSH values were 
observed for eight subjects receiving I2.

Safety trials with I2

A solid dosage form of I2 provides the ability to examine 
safety in chronic dosing studies at discrete exposure levels. 
Two different patient populations were studied: (1) women 
without previous exposure to iodine therapy (iodine naive);  
and (2) women already receiving aqueous I2 therapy. The 
latter group may serve as an approximate model of those 
populations known to consume (Yamada et al., 1986) and 
excrete (Konno et al., 1993) iodine at levels that are 5–10 
times above the current recommended UL. An open-label 
study (MX02-CLN-05) of 36 months was used to evaluate 
safety in women with prior chronic exposure to iodine.

Patients already receiving aqueous I2 therapy were 
enrolled in study MXCL02-05 and dosed at I2 levels that 
ranged from 3 to 12 mg/day. More than 900 patients were 
enrolled; the average age was 47.4 years and ranged from  
17 to 78 years. No dose adjustment was made in 736 
patients; 184 received multiple doses (up or down) from the 
baseline. At the baseline the number of patients assigned  
to each dose level was 311 at 3 mg/day, 603 at 6 mg/day,  
5 at 9 mg/day, and 1 at 12 mg/day.

The general population can tolerate high levels of 
dietary iodine (Pennington, 1990), but discrete popula-
tions of patients are known to be at increased risk for thy-
roid-related AEs as a result of iodine therapy (Braverman, 
1994). The inclusion–exclusion criteria for the safety 
studies of I2 in iodine-naive subjects eliminated patients 
known to be at risk. Euthyroid patients with (a) no his-
tory of thyroid disease, (b) no previous exposure to I2, and  
(c) no concomitant iodine-containing medications, were 
eligible for inclusion in these safety trials (MX02-CLN-07 
and MX02-CLN-09). The first placebo-controlled study 
was conducted for 6 months and the second for 12 months.

The first study of I2 exposure in iodine-naive patients 
(MX02-CLN-07) enrolled 389 patients: placebo (n  67); 
0.3 mg/day (n  66); 2.0 mg/day (n  63); 3.0 mg/day 
(n  66); 6.0 mg/day (n  65); and 9.0 mg/day (n  62). 
The average age was 42.4 years and ranged from 20 to 55 
years. The second study in iodine-naive patients (MX02-
CLN-09) enrolled 136 patients into a 12-month crossover 
trial using placebo and 6 mg/day of I2; 49 patients crossed 
over from placebo to active or vice versa, and therefore 
safety data is reported for these patients in each category. 
Safety data on placebo (n  61) and 6.0 mg/day (n  105) 
was gathered in the study. The total I2 exposure is shown 
for each of these trials in Table 82.3.

Variations in treatment emergent thyroid status were eval-
uated based on TSH and T values. Patients were categorized 
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as subclinical hyperthyroid if TSH was below the normal 
range (0.35–5.00 mU/l) and T values were within the nor-
mal range (60–155 nmol/l); patients that exhibited depressed 
TSH and elevated T values were scored as overtly hyperthy-
roid. Patients were categorized as subclinical hypothyroid if 
TSH was elevated and T values were normal; patients with 
depressed T values were considered as overtly hypothyroid. 
Overt hypothyroidism occurred in 0.2, 1.3 and 1.2% of 
the patients in studies MX02-CLN-05, MX02-CLN-07 
and MX02-CLN-09, respectively, which is comparable to 
the estimated prevalence (2%) of overt hypothyroidism in 
adult women. Overt hypothyroidism occurred in 0.5, 1.6 
and 1.2% of the patients in studies MX02-CLN-05, MX02-
CLN-07 and MX02-CLN-09, respectively, also comparable 
to the estimated prevalence (2%) of overt hyperthyroidism 
in adult women.

Subclinical hyperthyroidism was more common than  
overt disease occurring in 5.5, 2.3 and 2.3% of the patients 
in studies MX02-CLN-05, MX02-CLN-07 and MX02-
CLN-09, respectively. These values are comparable to 
those previously reported (Wang and Crapo, 1997; Lind 
et al., 1998). The highest incidence of thyroid abnormal-
ity was that of subclinical hypothyroidism, which occurred 
in 15% of patients in study MX02-CLN-05; iodine-naive 
patients experienced subclinical hypothyroidism at rates 
of 8.9 and 10.5% in studies MX02-CLN-07 and MX02-
CLN-09, respectively.

The incidence of abnormal thyroid function in the pla-
cebo and the treatment groups for iodine-naive patients 
did not demonstrate statistical significance using Fisher’s 
exact test: subclinical hyperthyroidism (p  0.216; 0/107 
vs. 9/388); overt hyperthyroidism (p  0.590; 0/107 vs. 
5/388); subclinical hypothyroidism (p  0.326; 6/107 
vs. 36/388); overt hypothyroidism (p  1.00; 1/107 vs. 
6/388); subclinical hyper- or hypothyroidism (p  0.0745; 
6/107 vs. 45/388). The comparison of subclinical and 
overt categories versus placebo (p  0.032; 7/107 vs. 
56/388) demonstrates statistical significance. A comparison 
of subclinical conditions in placebo versus patients exposed 
at 6 mg/day or more also demonstrates a statistically signif-
icant difference (p  0.045; 6/107 vs. 26/203), as does the 
9 mg dose group alone (p  0.042; 6/107 vs. 9/57).

The minimum acute dose of iodide that perturbs TSH 
(within the normal range) is about 1.5 mg; therefore, the 
response to daily therapy at doses 2 mg/day is of interest. 
As compared to placebo, a statistically significant differ-
ence in subclinical and overt thyroid conditions for iodine-
naive patients exposed at 2 mg/day (p  0.007; 6/107 
vs. 49/323) was demonstrated. These observations should 
be of interest to physicians who suggest iodine therapy for 
the general public.

Comparison of treatment emergent thyroid function var-
iations between iodine-adapted and iodine-naive patients is 
problematic, as the average exposure to drug MX02-CLN-
05 (1.45  years) was much greater than that in the studies 
with iodine-naive patients. The overall incidence of treat-
ment-emergent subclinical hyper- or hypothyroidism was 
20.6%. This incidence is higher than that reported in earlier 
studies. In iodine-adapted patients there was a statistically 
significant difference (p  0.0019; 40/300 vs. 109/490) 
between the 3mg and 6 mg treatment group. The pattern of 
data presented in Table 82.4 suggests that therapy with sup-
raphysiological levels of iodine in adapted and iodine-naive 
patients is associated with an increase in subclinical thyroid 
conditions, but not overt thyroid disease.

The clinical symptoms of hypothyroidism include 
weight gain, constipation, hair loss, menorrhagia and 
decreased heart rate. The clinical symptoms of hyperthy-
roidism include fatigue, irritability, weight loss, increased 
sweating, amenorrhea, diarrhea and an increased heart rate.  
The placebo and the treatment group did not demonstrate 
a statistically significant difference in the incidence of any 
of these symptoms.

Possible sensitivity reactions to I2 were reported in up 
to 4% of the patients in these trials, but no statistically  
significant rates were observed as compared to the placebo 
group (Table 82.5).

Overt thyroid disease is not observed at a rate that dif-
fers from controls or the normal population. However, 
patients receiving therapy should be under the care of 
a physician who monitors their thyroid status periodi-
cally, as subclinical hypothyroidism is a concern. For over  
three decades the Institute of Medicine (IOM), an oper-
ating agency of the Untied States National Academy of 

Table 82.3 Months of exposure in safety studies with a solid I2 dosage form

Months of exposure to I2

Study number 1 1 3 6 12 24 30–36

MX02-CLN-05a 920 920 920 911 812 709 572
MX02-CLN-07b 322 310 280 231 0 0 0
MX02-CLN-09c 105 102 92 76 4 0 0

Total 1350 1333 1293 1218 816 709 572

aMX02-CLN-05 was a 3-year open-label study with daily doses from 3 to 12 mg/day.
bMX02-CLN-07 was a placebo-controlled 6-month study with daily doses from 0.3 to 9.0 mg/day.
cMX02-CLN-09 was a placebo-controlled 12-month study with a 6.0 mg/day daily dose.
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Table 82.4 Number and percentage of iodine-adapteda and iodine-naiveb patients on daily I2 therapy with treatment emergent varia-
tions in TSH and T4 laboratory values

Hyperthyroidism Hypothyroidism

Subclinicalc Overt Subclinicalc Overt

Dose I2 
(mg/day)

Patients with 
lab values

↓TSH ↓TSH ↑T4 ↑TSH (5–10) ↑TSH (10–20) ↑TSH 
(.20)

↑TSH (5–10) 
↓T4

↑TSH (10–20) 
↓T4

↑TSH .20) 
↓T4

3.0a 300 16 (5.3) 1 (0.3) 27 (9.0) 10 (3.3) 2 (0.7) 2 (0.4) 0 (0.0) 0 (0.0)
6.0a 490 28 (5.7) 1 (0.2) 70 (14) 10 (2.0) 1 (0.2) 0 (0.0) 2 (0.4) 2 (0.4)
9.0a 16 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.3) 1 (6.3) 0 (0.0) 0 (0.0) 0 (0.0)
12a 4 1 (25) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Iodine-naive patients
0 63 0 (0.0) 0 (0.0) 3 (4.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
0.03 65 1 (1.5) 0 (0.0) 3 (4.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
2.0 58 2 (3.4) 0 (0.0) 3 (5.2) 2 (3.4) 0 (0.0) 1 (1.7) 0 (0.0) 0 (0.0)
3.0 62 0 (0.0) 2 (3.2) 5 (8.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
6.0 60 2 (3.3) 0 (0.0) 6 (10) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7)
9.0 57 2 (3.5) 2 (3.5) 8 (14) 0 (0.0) 0 (0.0) 2 (3.5) 0 (0.0) 1 (1.8)
0 44 0 (0.0) 0 (0.0) 3 (6.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3)
6.0 86 2 (2.3) 1 (1.2) 8 (9.3) 1 (1.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.2)

aPatients previously adapted to I2 (molecular iodine) before entry in study MX02-CLN-05 a 3-year open-label study.
bIodine-naive patients were euthyroid and had no history of thyroid disease before entering placebo-controlled studies MX02-CLN-07 
and MX02-CLN-09.
cSubclinical patients had normal T4 values.

Science, has assembled a group of eminent physicians 
and researchers who carefully consider both the mini-
mum dietary requirement and safe upper limit for dietary 
iodine (IOM, 2000). This group has concluded that the 
UL for iodine is not meant to apply to individuals under 
medical supervision since the majority of the normal  
population can tolerate a high level of daily iodine. While 
the majority of the general public can tolerate elevated 

dietary intake of iodine, the data from controlled tri-
als in euthyroid women with no risk factors suggests that 
there is an increased rate of thyroid-related subclinical  
findings associated with iodine intake above the UL. The 
safety profile observed in these studies is entirely consist-
ent with this recommendation from the IOM. The data 
supports periodic monitoring for individuals dosed daily 
with iodine above the UL.

Table 82.5 Acute and sensitivity reactions possibly related to I2 exposure in safety trials (percentage of patients)

Trial MX02-CLN-05a MX02-CLN-07 MX02-CLN-09b

Maximum exposure 36 months 6 months 12 months

Dose (mg I2/day) 3 6 9 12 0 0.3 2 3 6 9 0 6
No. of patients 336 563 20 4 67 66 63 66 65 62 61 108
Acne 3 2 5 0 3 6 2 2 2 3 5 4
Puritus 1 1 0 0 1 6 0 0 2 2 3 3
Rash 4 2 5 0 4 5 6 0 2 5 3 2
Urticaria 0 1 0 0 1 0 0 0 2 2 0 1
Fever 0 0.5 0 0 1 0 0 0 0 0 2 2
Abnormal vision 0 0.5 0 0 0 0 2 2 0 0 0 2
Cardiac/heart failure 0 0 0 0 0 0 0 0 0 0 0 0
Seizure/convulsion 0.5 0 0 0 0 0 0 0 0 0 0 0
Asthma 1 1 0 0 0 0 0 0 0 2 2 1

aIn study MX02-CLN-05 dose adjustments were allowed. Patients are included in the group that represents their most frequent dose.
bStudy MX02-CLN-09 was a crossover study. Some patients (n  49) crossed over to a subsequent treatment and are included in 
both active and placebo-treatment categories.
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Summary Points

l Individuals who consume iodine at levels above the rec-
ommended UL (1.1 mg/day) should do so under the 
care of a physician and have their thyroid status moni-
tored periodically.

l The pharmacological and toxicological profiles of orally 
administered iodide and I2 are distinct; iodide is more 
thyrotoxic than I2.

l Several model systems support an antiproliferative role 
for I2 but not iodide.

l Daily I2 treatment of women at doses up to 5½ times 
the UL is not associated with an increase in overt thy-
roid disease.

l Elevated rates of subclinical hypothyroidism are likely in 
iodine-naive women treated with I2 at levels higher than 
the recommended UL.

l The incidence of subclinical thyroid conditions in 
iodine-adapted patients increases with dose above 3 mg/
day of I2.

l Two double-blind, randomized, placebo-controlled 
studies indicate a beneficial effect of I2 in patients with 
severe mastalgia dosed daily at levels that are at least 
three times above the UL.
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Abstract

In Poland, as in the whole Europe, the content of envi-
ronmental iodine is very differentiated. Iodine deficiency 
is seen especially in the southern part of Poland, in the 
Carpathian and Sudeten mountains. In Poland, iodine 
prophylaxis was first introduced in 1935 in the Kraków 
region, with supplementation of 5 mg KI/kg of salt. This 
iodization was interrupted by Word War II, but after the 
war, in some areas of Poland, prophylactic doses reached 
12 mg KI/kg of salt. In 1986, a voluntary model of iodine 
prophylaxis was again introduced with 25  10 mg KI/kg 
of salt. In 1992–1993, an investigation of goiter preva-
lence and ioduria was undertaken in schoolchildren. The 
result of this study indicated that the incidence of goiter 
in schoolchildren in some areas of Poland was over 50%, 
and urinary iodine concentration was below 100 g/l 
in over 80% of children. In January 1997, a mandatory 
model of iodine prophylaxis was introduced. It has been 
assumed that the general consumption of natrium chlo-
ratum is from 6 to 14 g/day/person, and 60% of this 
comes from household salt consumption. However, effec-
tive iodine consumption amounts to only from 55 to 
111 g/day/person because of iodine loss during cooking. 
Mandatory iodization of formulas for bottle-fed infants 
(10 g I/100 ml) and voluntary supplementation of preg-
nant and breast-feeding woman with 150 g I/day have 
been also introduced. Consumption of products with high 
iodine contents, such as sea fish, milk, eggs, fruits and veg-
etables, has been recommended. Latest studies have shown 
that iodine prophylaxis has also led to a decrease in the 
prevalence of goiter in pregnant women.

Abbreviations

mIU Milli international unit
KI Potassium iodide

KIO3 Potassium iodate
TPO-Ab Thyroid peroxidase antibody
TSH Thyroid-stimulating hormone

Introduction

Iodine deficiency in Poland was first mentioned in the mid-
dle of the seventeenth century. It was then that Stanislaw 
Staszic, a naturalist and educational activist, first wrote 
about tumor in the neck, which caused deformation. 
Staszic described this phenomenon in connection with 
neck pathology. People with such neck deformity lived 
in the south of Poland, mainly in the Carpathian region 
(Gembicki, 1995). These people formed a unique, sepa-
rate group in terms of not only culture, but also their men-
tal condition and health. Attention was also brought to a 
bumpy, extended neck. Attempts to explain this occurrence 
were connected with the harsh life conditions of these peo-
ple, and especially with strong winds blowing in the moun-
tains. Until the beginning of the twentieth century, the 
connection between goiter and iodine deficiency was not 
established. Both goiter and cretinism were recognized, but 
were seen as an effect of hard life conditions in the region. 
It was only the discovery of the presence of iodine in the 
thyroid gland that created the basis for establishing a cor-
relation between goiter and iodine deficiency. Attempts to 
explain iodine deficiency led to the formation of a theory 
that a glacier, receding from the territory of Poland, pushes 
and moves iodine to sea reservoirs in the north of the conti-
nent, mainly to the Baltic Sea (after Word War II, the Baltic 
Sea became the northern border of Poland). Iodine present 
in water particles evaporates from the seas and forms clouds 
that move over mainland and cause rainfall. In this way, 
iodine finds its way into the soil. Needless to say, the further 
the distance from the sea, the lower the iodine in rainwater 
and, consequently, in the soil. According to this rule, the  
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area of the Carpathian Mountains situated far from the sea, 
in the south of Poland, shows significant iodine deficiency.

History

The first map pointing out areas low in iodine in Poland 
was made in 1930. The map clearly shows that goiter 
occurred mainly in the southern parts of Poland of the 
time, i.e., in the vicinity of Kraków and Lwów (Gembicki, 
1995). The number of people with swollen thyroid glands 
was so huge that it fulfilled the criteria of endemism and, 
consequently, the term Carpathian endemic was intro-
duced (Szybiński, 1997). Scientific developments led to a 
conclusion that inefficient iodine consumption not only 
causes an enlarged thyroid gland, but also leads to brain 
development disorders in fetal life. This situation creates 
worse life perspectives for an individual and conditions of 
defective development for the entire society, as opposed to 
inhabitants of areas rich in iodine. Inadequate intake of 
iodine also results in the development of many patholo-
gies, such as short height, growth of goiter, increased 
susceptibility to autoimmune diseases also and thyroid 
cancer. It influences the health and fertility of women  
(Szybiński, 2005). According to much research conducted 
before Word War II, in some areas, irreversible damage to 
the brain affected 6% of the population (Szybiński and 
Huszno, 2003). To increase the health of inhabitants of 
the mountain and piedmont regions, Polish doctors made 
attempts to iodize salt for these people. This led, in 1935, 
to the introduction of a law that required enrichment of 
salt from the Wieliczka Salt Mine with KI to 5 mg/kg of 
salt. Salt in this enriched form was distributed among the 
inhabitants of southern Poland. This program was contin-
ued until the outbreak of Word War II in 1939 (Lewiński 
et al., 2003).

As a result of postwar changes, the Sudeten moun-
tains, a region of severe iodine deficiency, was included 
within Polish borders. After Word War II, the population 
from the former eastern Polish territories moved to this  
region. Therefore, similar to the Carpathian endemic region,  
iodized salt was also distributed in the Sudeten endemic  
region. However, in 1980, the iodine prophylaxis system 
collapsed. In the years to follow, an increased prevalence 
of goiter and a dangerous trend toward iodine deficiency 
were again observed. Confirmation of this occurrence was 
clearly seen in epidemiological surveys after the Chernobyl 
accident.

Present

In 1986 the Polish population found themselves exposed 
to radioactive contamination caused by an explosion in 
the nuclear power plant in Chernobyl. As a result, radioac-
tive isotopes, mainly 131I, covered the territory of Poland.  

This isotope was actively absorbed by the thyroids of the 
Polish population, especially under the conditions of 
iodine deficiency in the country. The problem was seri-
ous, since high concentrations of radioactive iodides may 
cause injury to the gland, and moderate doses may lead to 
benign or malignant neoplasms. The accumulation of radi-
oiodides may be blocked by pharmacological doses of KI. 
In Poland, after the nuclear accident, a decision was made 
to try reducing the amount of radioiodides by KI treat-
ment. The prophylactic dose was obligatory for children 
and adolescents, and was recommended to pregnant and 
breast-feeding women. This dose was optional for adults. 
The Chernobyl catastrophe led to the realization of the 
problem of iodine deficiency in Poland and of the absolute 
necessity to solve it. In 1986 a voluntary model of iodine 
prophylaxis was introduced, with 25  10 mg KI/kg in 
household salt. The result, however, was unsatisfactory.

In 1991 the Polish Council for Control of Iodine 
Deficiency Disorders within the Polish Society of 
Endocrinology as an advisory body of the Ministry of 
Health has been created. In January 1997 the Minister of 
Health put in operation a mandatory model of household 
salt iodization, with 30  10 mg KI/kg of salt (Szybiński, 
1998). This meant that all kitchen salt was iodized, and 
noniodized salt was not available on the market. However, 
in food production and food processing, noniodized salt 
has to be, and is, used. The history of iodine prophylaxis 
in Poland is shown in Table 83.1 (Szybiński, 1998).

The average salt consumption is from 6 to 14 g/day; 
however, because of distribution and cooking techniques, 
the loss of salt reaches 60%; therefore, the consumption 
is 50–110 g I/day. In Poland, iodization of neonatal for-
mulas for bottle-fed children is mandatory and amounts to 

Table 83.1 The history of iodine prophylaxis in Poland

Years Occurrences

1935–1939 Supplementation with 5 mg KI/kg  
 of salt for the Carpathian population  
 (southern part of Poland)

1939–1947 Interrupted because of World  
 War II

1947–1980 Supplementation with 5–12 mg  
 KI/kg of salt for schoolchildren in  
 regions where goiter incidence  
 has been high

1980–1986 Interrupted for political and  
 economic reasons

1986–1996 Voluntary model of iodine 
prophylaxis (household salt  
 iodization 20  10 mg KI/kg of  
 salt)

Since 1997 Mandatory model of iodine  
 prophylaxis (household salt  
 iodization 30  10 mg KI/kg of salt)

Note: KI, potassium iodide.
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10 g KI/100 ml (Szybiński, 2004). A 1992–1993 survey 
on goiter prevalence and ioduria showed that the territory 
of Poland was divided into two areas: one with moderate 
iodine deficiency (90% of the country) and a second with 
mild iodine deficiency (10% of the country), the seaside 
region (Szybiński, 1997). Therefore, the ministry’s regula-
tion on the mandatory model of household salt iodization 
was absolutely necessary.

Effects of Iodine Prophylaxis in Poland

The Polish model of iodine prophylaxis is based on sev-
eral assumptions. First, the law mandates iodization of 
household salt in the amount of 30  10 mg KI/kg. Since 
2000, in Poland, KIO3 at a concentration of 39  13 mg/
kg salt has been introduced, according to Europe Union 
law. Secondly, there is mandatory iodization of neonatal 
formula in the amount of 10 g KI/100 ml. An additional 
100–150 g of iodine per day in pregnancy and during 
breast feeding is recommended. Increased consumption of 
iodine carriers, such as sea fish, vegetables and fruits, is also 
advised. Preparations are under way for iodization of ani-
mal fodder, so as to achieve iodine concentrations of 100–
150 g/l in cows’ milk. This way, dairy products would 
become a significant source of iodine (Szybński, 2005).

The effectiveness of the Polish model of iodine prophy-
laxis can be assessed, among other approaches, through the 
quantity of manufactured iodized household salt (Szybiński, 
2004). Estimated data are shown in Figure 83.1. An analysis 
of this data clearly indicates the growth of production since 
the early 1990s. The output of 120000 tons per year since 
2001 seems to be entirely sufficient. According to the data 
of 2000, daily consumption of iodized household salt was 
an average 5.4 g, which corresponded to 124 g of iodine 
per day (Kochanowicz et al., 2000). Therefore, this amount 
was consistent with expectations. The effects of satisfactory 
iodine consumption are another issue.

Neonates, children, and adolescents

One of the parameters in understanding the effectiveness 
of iodine prophylaxis is the evaluation of TSH levels in 
neonates. Prior to the introduction of mandatory salt iodiza-
tion in Poland, thyrotropin concentrations of over 15 mIU/ml  
were found in 3.3% of neonates. In 2003, a distinct decline 
in this percentage from 3.3% to 0.55% was recorded.  
A similar decrease was recorded in the frequency of occur-
rence of TSH values above 20 mIU/ml. However, such suc-
cess was not observed in all areas. Between 1994 and 1997, 
on evaluating TSH values within the range of 5–15 mIU/ml, 
a distinct decline from 12.3% to 6.2% was found in the per-
centage of their occurrence in neonates. However, in 2003 
it was found that the percentage of infants born with the 
above-mentioned TSH values rose to 15.5% (Ołtarzewski 
and Szymborski, 2003). This was probably related to insuffi-
cient iodine supplementation to pregnant women. From the 
research carried out in 2003, it follows that about 50% of 
pregnant women do not take additional iodine. However, a 
clear decline in the occurrence of goiter in pregnant women 
in the years 1991/1992–2001 was recorded. In the period 
prior to the introduction of mandatory iodization of house-
hold salt, increased thyroid gland size was diagnosed in about 
80% of pregnant women, while 4 years later this percentage 
dropped to about 19% (Krzyczkowska-Sendrakowska et al.,  
1993; Lewiński et al., 2003). Before the introduction of 
mandatory iodization of household salt, there were fears 
in Poland of the increasing frequency of iodine-induced 
thyroid gland hyperfunction (Bar-Andziak and Nauman, 
1998). This phenomenon was observed in other states that 
introduced iodine prophylaxis. Records kept in Poland did 
not show a statistically significant growth in the frequency of 
occurrence of hyper- or hypofunction of the thyroid gland 
as a result of the introduction of mandatory iodization of 
household salt. However, there was an increase in the per-
centage of people with increased levels of TPO-Ab, from 
3.8% in the years 1988–1989 to 11.8% in the years 1998–
1999 (Buziak-Bereza et al., 2005b).

Evidence of true achievement in the field of iodine 
prophylaxis is the fact that 131I thyroid uptake in a 24-h 
test among residents of Kraków (in the southern part of 
Poland) and its vicinity fell from 45.7% in 1992 to 27.9% 
in 2003 (Huszno et al., 2003).

However, the most spectacular evidence for a proper 
model of iodine prophylaxis in Poland is the comparison of 
ioduria and the occurrence of goiter in children. Research 
was carried out in the same age groups in the same area 
prior to and after the introduction of mandatory iodiza-
tion of household salt. Researchers involved in this pro-
gram agree that, regardless of the region of Poland, there 
was an increase in frequency of ioduria to over 100 g/l.  
This tendency is reflected in Table 83.2 (Bar-Andziak 
et al., 2004; Bączyk et al., 2006; Gembicki et al., 1993; 
Szybiński, 1998; Tylek-Lemańska et al., 2003).
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Figure 83.1 Production of iodized household salt in Poland 
(1991–2001).
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Increased supply of iodine immediately caused a 
decrease in the frequency of occurrence of goiter. A dif-
ference was noted between children residing in cities and 
those in the country (Bączyk et al., 2006; Gembicki et al.,  
1993; Grzesiuk et al., 2002a, Szybiński et al., 1998, 2001) 
(Table 83.3).

Adults

Ioduria among adults was not assessed as often as in chil-
dren. This probably follows from the fact that the effects 
of iodine deficiency do not recede as quickly in adults as in 
children. Besides, the thyroid gland in adults is not subject 
to such rapid changes under iodine supply as it is in chil-
dren. Nevertheless, studies were also carried out on persons 
over 18 years. Among other approaches, secretion of iodine 
in urine was studied among Polish medicine students 
just prior to the introduction of mandatory iodization of 
household salt (1996) and 1 year after (1998). It turned 
out that ioduria increased from 100.4 g/l to 140.7 g/l; 
however, in several subjects a decrease in iodine concentra-
tion in urine was observed. Data analysis has shown that 
this decrease concerned persons who, in view of hyperten-
sion in the family, discontinued iodized salt consumption 
(Grzesiuk et al., 2002 b). Table 83.4 presents ioduria levels 
among adults living in various regions of Poland (Grzesiuk 
et al., 2005; Kinalaska et al., 1992; Orłowska-Florek and 
Grzywa, 2004). Systematic examinations of thyroid gland 

volume among adults in Kraków conducted between 1989 
and 1999, or before and after the introduction of manda-
tory iodization of household salt, have shown systematic 
decline in the frequency of occurrence of goiter from 
26.2% to 21.8% (Buziak-Bereza et al., 2005a).

Iodine prophylaxis has also affected the frequency and 
type of thyroid cancers. Following its introduction, a 
decrease was noted in the number of cases of follicular and 
anaplastic thyroid cancer. At the same time, an increase in 
diagnoses of papillary thyroid cancer was found. Similar 
changes were observed in other countries, where the 
effects of iodine deficiency were eliminated (Zonenberg 
et al., 2006). An additional association between iodine 
supply and decrease in the incidence of stomach cancer 
has been observed; however, further studies are necessary 
(Gołkowski et al., 2007). 

Perspectives

As shown above, the iodine prophylaxis introduced has 
brought the expected results. However, experience of other 
countries indicates that achievement of satisfactory results 
cannot end the focus on this problem. This is related to the 
fact that, currently, the main source of iodine supplementa-
tion in Poland is household salt. While Polish endocrinolo-
gists are keen on inducing countrymen to use iodized salt 
in quantities ensuring proper iodine supply, the doctors of 
other specialties think that, in view of circulatory conditions, 
osteoporosis and other illnesses, salt consumption should be 
limited. The daily salt consumption is estimated in Poland 
at 10.7 g/day, including 5.4 g of household salt,  an excessive 
amount according to cardiologists. In the prevention of arte-
rial hypertension and atherosclerosis, and in some neoplastic 
diseases, limitation of salt consumption constitutes a signifi-
cant factor. Therefore, a change in eating patterns should 
be expected. A decrease in the consumption of household 
salt may result in iodine deficiency and in a recurrence of 
the situation that occurred years ago. Although the average 

Table 83.2 Distribution of urinary iodine over 100 g/l 
(UI  100) in schoolchildren of different regions

Region Year of investigation UI  100 (%)

Southeast

Poland

1992
1999–2003

11.9
30–55

Poland

Wielkopolska 1992
2005

17
57

Poland

Mazovia 1992
2000

20
53

Table 83.3 Prevalence of goiter in schoolchildren in different 
regions of Poland

Town/region
Year of  
investigation

Number of 
investigated  
persons

Incidence of 
goiter (%)

Warszawa 1992 675 28
Mazovia 2002 779 7

Poznan´ 1992 100 27
Wielkopolska 2005 100 5

Karpacz 1994 113 56
Old Sudeten  
 endemy

1999 84 4.8

Rychwałd 1994 113 33
Old Carpathian  
 endemy

1999 94 8.5
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ioduria among school-age young people and adults is sat-
isfactory, results in individual regions of Poland differ, and 
they also differ between urban and rural residents. Eating 
patterns, application of health-promoting practices and sus-
ceptibility to propaganda mentioned in health-promoting 
actions cause varied iodine supply. Consumption of house-
hold salt should be expected to decrease in the near future. 
At the same time, consumption of sea fish, dairy products, 
fruits and vegetables is not very popular in Poland. Actions 
should be intensified, aiming to enhance the awareness of 
sound nutrition, and sea fish from other regions should be 
made more readily available. In order to maintain iodine 
supply at a proper level with lower salt consumption, it 
would be advisable to iodize animal fodder on a larger scale. 
This should result in an increase in iodine concentration in 
milk. According to European Union standards, iodine con-
centration in cows’ milk should be 100–150 g/l. Currently, 
it is three times lower in Poland. Promotion of consump-
tion of dairy products should not entail protests from other 
groups of doctors. Increasing the iodine concentration in 
household salt is also a considered way. This would enable 
greater iodine supply with small sodium chloride consump-
tion. However, this could pose problems, because at present 
about 20% of iodized salt is found to have insufficient KI 
concentration (Szybiński, 2004). Attempts are also made 
to market noniodized household salt. Such actions, for 
obvious reasons, are detrimental to the human body and 
are excused on the basis of wrongly understood free-trade 
principles. Also, in line with the valid ordinance of the 
Ministry of Health, salt used in the processing industry is 
not iodized. However, in 2000, 3 kg packages of noniodized 
salt have been allowed to be sold for the purpose of house-
hold food processing. Therefore, there is a need for constant 
 monitoring of the quality of iodized salt.

Another issue is the problem of iodine supply in the case of 
pregnant women. Currently, a considerable percentage of preg-
nant and nursing women do not receive additional doses of 
iodine (Szybiński and Huszno, 2003). The quantity of iodine 
sufficient for an adult is too low for a pregnant or breast-
feeding woman. Indeed, pregnant women are often advised 
to limit the consumption of household salt (Table 83.5).  

In such situations, iodine deficiency can easily occur and, con-
sequently, transient or clinical hypofunction of the thyroid 
gland and adverse effects of iodine deficiency on fetuses 
and neonates are known to occur. Attempts to modify the 
nutrition patterns of a pregnant woman, so that she would 
consume more food containing iodine, are not effective. 
The situation may be improved by obtaining iodine from 
cows’ milk at the level of 100–150 g/l, since it is a tradition 
for nursing women to drink milk. However, supplementa-
tion with vitamin preparations containing iodine or iodine 
tablets only is available at present. In order to counteract 
the currently observed transitory growth of TSH level in 
neonates and the persistence of goiter in pregnant women, 
a broad training program has been launched for family doc-
tors, gynecologists and obstetricians, covering iodine-defi-
ciency issues. Recommendations have also been introduced 
as how to proceed in the case of an enlarged thyroid gland 
in pregnant women. They include inter alia supply of 100–
150 g of iodine per day after an analysis of iodine supply 
from various nutritional or medical sources, and in the case 
of thyroid gland enlargement, commencement of treat-
ment with thyroxine preparations. Combating the effects 
of iodine deficiency is also part of a preventive procedure 
against diversified thyroid cancer. Besides the limitation of  
required minimum irradiation of the neck area in the course 
of radiology examinations, and the application of additional 
iodine prophylaxis in the case of a nuclear disaster, what 
remains is the continuation of universal iodine prophylaxis, 
additional supply of iodine to pregnant and nursing women, 
and increase in the consumption of supplements containing 
100 g of KI per 100 ml of supplement by neonates and 
breast-fed children.

To summarize, it should be stated that the prophylaxis 
model in Poland based on iodization of household salt has 
brought expected results (Szybiński et al., 2001). However, 
in view of the existing threats, elements that may indicate 
iodine deficiency effects should be monitored. This is a 
problem not only for doctors and scientific societies, but also 
for all state bodies responsible for the health of the nation.

Summary Points

l  In Poland the basis for iodine prophylaxis is household 
salt iodization.

l The Polish model of iodine prophylaxis is efficient.

Table 83.4 Urinary iodine concentration (UIC) in adults living in 
different parts of Poland

Town/region
Year of 
investigation

Number of 
investigated 
persons

UIC (g/l) 
(mean  SD)

Białystok  
 (northeast)

1992 116 40  30.1

Rzeszów  
 (southeast)

1999–2000 984 104.17  85.2

Warszawa  
 (central)

2004 227 156.1  124.9

Note: SD, standard deviation.

Table 83.5 Impendence of iodine prophylaxis in Poland

Very low potassium iodide concentration in household salt
Decreased household salt consumption
Very few pregnant women treated with additional  
 iodine
Insufficient dissemination of other-than-household salt sources of  
 iodine
In consideration of economic reasons, limitation the monitoring of  
 iodine prophylaxis
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l  Proper iodine concentration in household salt has been 
ensured.

l  Studies on the effectiveness of iodine prophylaxis in 
children and adults should be continued.

l  Taking into consideration the possibility of decreased 
salt consumption, other forms of iodine prophylaxis 
have to be developed.

l  Much attention has to be paid to secure adequate iodine 
supply in the case of pregnant and breast-feeding women

l  Elimination of the consequences of iodine deficiency is 
still a current topic of public health in Poland.
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Zonenberg, A., Huszno, B. and Klencki, M. (2003). J. 
Endocrinol. Invest. 26(Suppl. 2), 57–62. 

Ołtarzewski, M. and Szymborski, J. (2003). J. Endocrinol. 
Invest. 26(Suppl. 2), 27–31. 

Orłowska-Florek, R. and Grzywa, M. (2004). Pol. Arch. Med. 
Wewn. 8, 937–943. 

Szybiński, Z. (1997). Pol. J. Endocrinol. 48(Suppl. 1), 7–16. 
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Szybiński, Z. (2005). Pol. J. Endocrinol. 56, 65–71. 
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Szybiński, Z. and Huszno, B. (2003). Med. Prakt. 10, 219–222. 
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Abstract

Within Europe there are variations in natural iodine sup-
ply leading to differences in thyroid pathology. Whereas in 
iodine-deficient areas hypothyroidism and goiter includ-
ing thyroid autonomy are the main reason for hyperthy-
roidism and thyroid cancer, with predominantly follicular 
types occurring, iodine-sufficient areas deal with autoim-
mune pathologies and thyroid cancer with predominantly 
papillary types. Until 1963 Austria was an extremely 
iodine-deficient area with low iodine intake and high 
goiter prevalence, up to 40% determined by palpation. 
Therefore, for the first time in 1963, supplemented iodine 
supply (salt iodization with 10 mg KI/kg salt) was intro-
duced by federal law. In the mid-1980s, 20 years after this 
salt iodization, investigations in schoolchildren demon-
strated persistent iodine deficiency at grades I–II accord-
ing to the WHO (urinary iodine excretion: 42– 75 g/g 
creatinine, Crea) and goiter prevalence of more than 10%. 
This was the reason why, in 1990, salt iodization was 
increased to 20 mg KI/kg salt. In 1994, further investiga-
tions in schoolchildren demonstrated an increase of uri-
nary iodine excretion (121 g/g Crea) and a reduction of 
goiter prevalence to below 5%. In the year 2000, 10 years 
after the increase of salt iodization in Austria, 430 nonse-
lected adult inhabitants of Austria were investigated for 
iodine excretion, goiter prevalence and the prevalence of 
thyroid auto-antibodies. This study demonstrated that 
although iodine supply is sufficient now in Austria (males: 
163.7 g/g Crea; females: 183.3 g/g Crea), it failed to 
target the elderly, who lived for a longer period in iodine 
deficiency (34.3% goiters in women and 21.3% goiters in 
men), whereas goiter prevalence in younger people (up to 
40 years) was below 5%. It could also be shown that the 
percentage of thyroid auto-antibodies is now as high as in 
countries with sufficient iodine supply (3.19% in males, 
5.17% in females). In addition to the changes in urinary 

iodine excretion and goiter prevalence due to salt iodiza-
tion, changes in the incidence of hyperthyroidism and his-
tological types of thyroid cancer will be discussed in this 
chapter. In conclusion, the introduction of salt iodization 
led to an improvement in iodine supply with a marked 
reduction of goiter prevalence in young people, but failed 
to target the elderly. The improvement in iodine intake 
also led to an increase in hyperthyroidism and autoim-
mune thyroid diseases, as well as to changes in histological 
types of thyroid cancer.

Abbreviations

Crea Creatinine
DTC Differentiated thyroid cancer
IDA Iodine-deficient area
ISA Iodine-sufficient area
KI Potassium iodide
MRR Maximum relative risk
oHGD  Overt hyperthyroidism in Graves’ 

disease
oHTA  Overt hyperthyroidism in thyroid 

autonomy
RR Relative risk
scHGD  Subclinical hyperthyroidism in 

Graves’ disease
scHTA  Subclinical hyperthyroidism in 

thyroid autonomy

Introduction

For many years Austria, like some other European coun-
tries, was an extremely iodine-deficient area (IDA) with low 
iodine intake (Riccabona, 1967, 1993). Iodine deficiency  
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in general leads to goiter, and in areas with very low iodine 
intake to hypothyroidism and cretinism (Figure 84.1). 
Hyperthyroidism in IDAs is mainly caused by thyroid 
autonomy, whereas autoimmune thyroid disease, such as 
Graves’ disease, is a rare cause of hyperthyroidism in iodine 
deficiency. In contrast to iodine-sufficient areas (ISAs), 
where papillary thyroid cancer is the main subtype of dif-
ferentiated thyroid cancer (DTC), in iodine deficiency fol-
licular thyroid cancer and less differentiated or anaplastic 
histologies of thyroid cancer are common (Delange et al., 
2001; Feldt-Rasmussen, 2001). Before the introduction of 
salt iodization, urinary iodine excretion in Austria was as 
low as 35 g/g creatinine (Crea), as demonstrated by Kelly 
(1958), and goiter incidence of preadolescent children was 
almost 50% (Riccabona, 1967). First attempts to improve 
the situation by introducing a prophylactic program were 
made as early as 1923, but were discontinued a few years 
later due to economic and political reasons (Wagner-
Jauregg, 1938; Riccabona, 1967). In order consequently to 
compensate for iodine deficiency, salt iodization with 10 mg 
potassium iodide (KI)/kg salt was introduced in Austria 
in 1963 by federal law. However, studies performed sev-
eral years later showed urinary iodine excretions between 
42 and 75 g/g Crea, which demonstrated the persistence 
of iodine deficiency (Lind et al., 1985; Galvan, 1985). As 
a consequence, and since there was still an increased inci-
dence of juvenile goiters, the amount of iodine added 
to common salt was elevated to 20 mg KI/kg salt in 1990 
(Galvan, 1993). In a study performed some years after the 
increase of salt iodization in 1993, it could be demonstrated 
that iodine intake in Austria increased and was at that 
time at the lower normal border of the WHO criteria for 
iodine intake (Gallowitsch et al., 1994). As demonstrated 
also by Gallowitsch et al. (1994), goiter prevalence could 

be reduced to below 5%, at least in young schoolchildren. 
This chapter deals with the changes in goiter prevalence 
and urinary iodine excretion in a country that formerly 
belonged to an IDA and has now become ISA due to  
iodization of common salt with 20 mg KI/kg salt. It also 
refers to an interesting study, which demonstrated that salt 
iodination in 1963 and 1990 failed to reduce goiter preva-
lence in the elderly (Heinisch et al., 2002). As well as the 
methodology of measurement of urinary iodine excretion 
and goiter problems, the change in hyperthyroidism, includ-
ing the permanent increase of autoimmune thyroid disease 
and changes in the histological types of thyroid cancer due 
to increased iodine intake in Austria are described.

Measurement of Urinary Iodine 
Excretion

Urinary iodide excretion was determined by a ceric ion 
arsenious method. In 1985, a modified method was devel-
oped to avoid expensive and complicated laboratory equip-
ment for epidemiologic studies (Wawschinek et al., 1985). 
Urine samples are ashed for 30 min using a chloric–per-
chloric acid mixture, the pyrex tubes being inserted into 
an aluminum-heated block at a regular temperature of 
100°C. Ceric sulfate solution is added every 30 s, and after 
a period of 10 min measurement of the iodine, which is 
dependent on discoloration of the yellow ceric solution, is 
done. This is repeated in 30 s steps with an automatically 
recording photometer at 405 nm. A blank solution and 
iodine standards are analyzed with every batch of urine 
samples to achieve equal conditions of analysis. Both acid 
incineration and iodine determination were carried out in 
the same pyrex tube, thus eliminating negative influences 
by organic material. Other simple methods are described 
by Dunn et al. (1993).

Thyroid Ultrasonography

Determination of goiter was done by palpation in most of 
the older studies (Wagner-Jauregg, 1938). However, it is 
known that palpation may underestimate goiter size by up 
to 30%, compared to ultrasonographic measurements of 
thyroid volume, as demonstrated by Klima et al. (1986). 
Today ultrasonography is the method of choice to inves-
tigate the presence of goiter. In our epidemiological stud-
ies we used 7.5 MHz transducers for ultrasonography of 
the neck. Thyroid volume was measured according to the 
formula by Brunn et al. (1981). Longitudinal, depth, and 
cross-sectional diameters were determined for each lobe. The 
volume was computed with the formula a  b  c  0.5, 
derived from that for the ellipsoid of revolution. For chil-
dren we used the normal values described by Klima et al. 
(1986), Gutekunst et al. (1985), and Gutekunst and 
Martin-Teichert (1993). Another article on standardization 

Figure 84.1 Showing a huge goiter of a female inhabitant aged 
78 years, who lived for a long time in an iodine-deficient area in 
Austria. Hypothyroidism caused by iodine deficiency led to an 
increase in thyroid-stimulating hormone produced in the pituitary 
gland leading to such an enlargement of the thyroid gland.



of urinary iodine excretion and thyroid volume in school-
children was published by Delange et al. (1997).

Results of Epidemiologic Studies  
in Austria

Urinary iodine excretion and goiter prevalence 
before and after salt iodization

Due to the high goiter prevalence and low iodine intake 
in Austria, several attempts were made to increase iodine 
intake by voluntary use of iodized salt since the early 
1920s, but these failed until a mandatory iodization of salt 
was introduced by law in 1963. From this time, common 
salt in Austria contained 10 mg KI/kg. Investigations 20 
years after the introduction of iodized salt, however, dem-
onstrated that Austria still had moderate iodine deficiency 
(iodine urinary excretion: 42–75 g I/g Crea) and a goiter 
prevalence of more than 10% in schoolchildren (Riccabona 
et al., 1981; Lind et al., 1985; Galvan, 1985). Therefore, 
in 1990 an increase in salt iodization to 20 mg KI/kg salt 
was introduced. First investigations on urinary iodine 
excretion and goiter prevalence in schoolchildren were per-
formed in 1993, 3 years after the increase in salt iodization 
(Gallowitsch et al., 1994). This study in 734 pupils aged 
6–14 years demonstrated an increase in urinary iodine 
excretion to 121 g/g Crea, and a reduction of goiter 
prevalence to below 5%, with the exception of children 
aged 11–14 years. Already this study demonstrated that 
children who lived for a longer period in relative iodine 
deficiency still have larger thyroids. Heinisch et al. (2002), 
who demonstrated that iodine supplementation in Austria 
failed to target the elderly, who lived for a longer period 
in iodine deficiency, could confirm this phenomenon in 
a recent study. In this study, Heinisch investigated 430 
nonselected inhabitants (242 females, 188 males) of three 
communities in Austria. Beside ultrasonography of the  
thyroid gland, urinary iodine excretion and determination 

of thyroid auto-antibodies were performed. Thirty male 
subjects showed enlarged thyroids (16%), an additional 
10 male patients (5.3%) exhibited an enlarged thyroid 
gland or former goiter which led to surgery, giving a total 
of 21.3% goiters. From the 242 females investigated, 55 
showed enlargement of the thyroid (23%), and an addi-
tional 28 female patients (11.3%) exhibited an enlarged 
thyroid gland or former goiter, which led to surgery, giv-
ing a total of 34.3% goiters. This means that in adults 
the goiter prevalence, with 28%, is still high in Austria. 
However, if we look at the age distribution of people with 
goiter, people under 40 years (born after the introduction 
of salt iodization in 1963) have a goiter prevalence of less 
than 5%, with the exception of females between 10 and 
19 years (12%). This is maybe due to statistical reasons 
because of the very small numbers in this group. There is 
a tendency that goiter prevalence increases with age and 
the period of living in iodine deficiency (Table 84.1 from 
Heinisch et al., 2002).

Mean urinary iodine excretion amounted to 163.7 g 
I/g Crea in males and 186.3 g I/g Crea in females. The 
difference in urinary iodide excretion between genders was 
not statistically significant. Considering only the iodine 
content of the urinary sample, without correction to uri-
nary Crea, the mean value of urinary iodine excretion 
was 217110 g/l (median: 191 g/l). This recent inves-
tigation demonstrates that, due to salt iodization, Austria 
now belongs to the ISAs. The change in iodine intake led 
to a reduction of goiter prevalence in children and young 
adults, but not in elderly people aged 40 years.

Autoimmune diseases before and after  
salt iodization

There are differences in the etiology of hyper- and hypothy-
roidism according to the iodine supply to a population. 
The main causes for hyper- and hypothyroidism in IDA 
are thyroid autonomy and iodine deficiency, respectively.  

Table 84.1 Goiter prevalence increases with age and the period of living in iodine deficiency

Age 10–19 20–39 40–59 60–79 80 All

Age-dependent percentage of goiter in 188 male inhabitants of Austria, after salt iodization with 10 mg KI/kg in 1963 and 
elevation to 20 mg KI/kg in 1990
 Pts 33 46 65 39  5 188
 MWG  1  2 11 15  1  30
 %MWG  3  4 17 38 20  16
Age-dependent percentage of goiter in 242 female inhabitants of Austria, after salt iodization with 10 mg KI/kg in 1963 
and elevation to 20 mg KI/kg in 1990
 Pts 25 64 82 61 10 242
 FWG  3  2 15 30  5  55
 %FWG 12  3 18 49 50  23

Notes: Pts, patients; MWG, number of male inhabitants with goiter; %MWG, % male with goiter; KI, potassium iodide; 
FWG, number of female inhabitants with goiter; %FWG, % female with goiter.

Iodine Supplementation Fails to Target the Elderly 819
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Twenty years ago, Hashimoto’s disease was rarely seen in 
Austria. Although there exists no epidemiologic study 
for the prevalence of thyroid auto-antibodies before the 
introduction of salt iodization, it is evident that, especially 
after the increase of salt iodization to 20 mg KI/kg salt in 
1990, there is a clear increase of patients suffering from 
Hashimoto’s disease. From our investigation performed 
in 430 nonselected people in Carinthia, it could be dem-
onstrated that the percentage of thyroid auto-antibodies 
is now as high as in other countries with sufficient iodine 
supply (3.19% in males, 5.17% in females). Bastemir et al. 
(2006) report similar results from Turkey. This is also in 
concordance with the clinical observation of an increase 
of Hashimoto’s disease after reaching iodine sufficiency 
in Austria. There is also the question of how incidence 
and type of hyperthyroidism changes if an area goes from 
IDA to ISA. In a multicenter trial 414232 patients were 
investigated from 1987 to 1995 to answer this question 
(Mostbeck et al., 1998). From the 414232 patients inves-
tigated, 47834 cases of hyperthyroidism were diagnosed 
from 1987 to 1995. Thyroid autonomy Figure 84.2a, b 
accounted for 75% of hyperthyroidism, Graves’ disease 
for 19% and other causes (e.g., thyreoiditis de Quervain) 
for 6%. The total observation time was divided into two 
periods: period I from 1987 to 1989; and period II from 
1990 to 1995. The figures for the annual incidence of 
overt hyperthyroidism in thyroid autonomy (oHTA),  

subclinical hyperthyroidism in thyroid autonomy (scHTA), 
overt hyperthyroidism in Graves’ disease (oHGD), and 
subclinical hyperthyroidism in Graves’ disease (scHGD) in 
period I, as well as the year with the maximum relative risk 
(MRR) and the relative risk (RR) in 1995 for developing 
hyperthyroidism are given in Table 84.2.

This huge multicenter trial demonstrated that there was 
an increase of hyperthyroidism after the elevation of salt 
iodization with the highest RR in 1992. For oHTA the 
incidence increased from 30.5/100000/year in 1987 to 
41.7/100000/ in 1992 and decreased to baseline incidence 
in 1995. In contrast, the incidence of oHGD doubled from 
1987 (incidence 10.4/100,000/year) to 1993 (20.9/100,000/
year) and was still high in 1995 (18.0/100 000/year). From 
this study, it can be concluded that increase in iodine supply 
(change from IDA to ISA) leads to a transient increase, fol-
lowed by a decrease, in thyroid autonomy, but to a perma-
nent increase in Graves’ disease.

Differentiated thyroid cancer before and after 
salt iodization

In contrast to the overall incidence of thyroid cancer, the 
types of cancer change if an area goes from an IDA to an 
ISA. In ISAs anaplastic thyroid cancer is rare and the main 
type of DTC is papillary thyroid cancer. The ratio between 
papillary and follicular thyroid cancer ranges from 6.5 to 

Figure 84.2 Hyperthyroidism caused by thyroid autonomy (scintigraphy and ultrasonography). (a) The scintigraphy of the thyroid 
gland shows a hyperfunctional nodule in the right thyroid lobe leading to overt hyperthyroidism. (b) Ultrasonography demonstrates a 
hypoechogenic nodule in the right thyroid lobe corresponding to the hyperfunctional nodule in a.

(a) (b)



3.4 in ISAs, decreases in moderate iodine deficiency (3.7–
1.6) areas and ranges from 1.7 to 0.9 in IDAs (Hintze et al.,  
1991). The Austrian experience of changes in histologi-
cal cancer types when changing from an IDA to an ISA is 
summarized in Table 84.3.

Hofstätter (1980) could demonstrate that the ratio of 
papillary to follicular thyroid cancer changed from 0.2 to 
1.1 before and after the first introduction of salt iodization 
in 1963. We investigated the influence of the elevation in 
salt iodization to 20 mg KI/kg salt on the histological types 
of DTC. Gomez-Segovia et al. (2004) found that, in the 
period from 1985 to 1989, the ratio was 2.6 and increased 
to 4.0 between 1990 and 1995.

Discussion

The spectrum of thyroid diseases varies considerably 
between regions of iodine deficiency and those with suf-
ficient iodine supply (Lind et al., 1998). Whereas goiter 
and hyperthyroidism based on functional autonomy, 
occur more frequently in iodine-deficient regions, inhab-
itants of ISAs typically more often show hypothyroidism, 
as well as autoimmune thyroid disease (Laurberg et al., 
1998; Delange, 1994). The majority of the studies pub-
lished so far have focused on patients who either had been 
exposed to iodine deficiency in the past decades, or had 
received a sufficient supply of iodine. Austria, situated in 
a mountainous region in central Europe, belongs to the 
typical IDAs, due to low iodine intake from diet. Goiter, 

 hypothyroidism and cretinism were a major problem 
before salt iodization had been established in 1963. One 
of the reasons for the low iodine content of water and 
nutrition is the wash out of iodine in former glacial areas. 
Already in 1924, during a nation-wide investigation in 
schoolchildren, Wagner-Jauregg found a goiter prevalence 
of 44% in boys and 48% in girls by palpation. Bearing in 
mind that palpation underestimates goiter by up to 30%, 
two thirds of schoolchildren in those times had goiter. 
With the introduction of salt iodization in 1963 (10 mg 
KI/kg salt) and the elevation to 20 mg KI/kg salt in 1990, 
Austria changed from an absolute IDA (before 1963) to 
a moderate IDA (1964–1990) and finally to an ISA. 
This allows us to look at the changes of thyroid pathol-
ogy over time in one country. Most interesting is the dra-
matic reduction of goiter in schoolchildren and also young 
adolescents (up to 40 years), from more than two thirds 
to below 5%, with the exception of females aged 10–19 
(12%); this elevated goiter percentage, however, may be 
due to the low number of females in this study group. 
The main impact of iodine salt prophylaxis is the dramatic 
reduction of goiter. However, it has to be mentioned that 
people living for a longer time in iodine deficiency have 
already developed goiters and do not show a change in 
size, although the iodine supply is now sufficient. The 
increase of goiter with age represents the length of time 
living in iodine deficiency. This means that goiter preva-
lence in the older population is still high in Austria, and 
endemic goiter is not eradicated in this population group. 

Table 84.2 Average annual incidence of hyperthyroidism

Hyperthyroidism Inc. 1987–1989 MRR Year RR in 1995

oHTA 30.5 1.37 1992 1.17
scHTA 27.4 1.64 1991 1.60
oHGD 10.4 2.19 1993 1.95
scHGD  1.9 2.47 1994 2.26

Notes: Showing the year and number of the MRR and the RR to be hyperthyroid in period I (1987–1989) and in 1995. 
From this study, it can be concluded that an increase in iodine supply (change from an IDA to an ISA) leads to a transient 
increase, followed by a decrease, in thyroid autonomy, but to a permanent increase in Graves’ disease. 
Abbreviations: oHTA, overt hyperthyroidism in thyroid autonomy; scHTA, subclinical hyperthyroidism in thyroid 
autonomy; oHGD, overt hyperthyroidism in Graves’ disease; scGD, subclinical hyperthyroidism in Graves’ disease; MRR, 
maximum relative risk; Inc, incidence; RR, relative risk.

Table 84.3 Changes of the ratio of papillary to follicular thyroid cancer in Austria from 1952 to 1995 due to salt iodization

Period Iodine supply % pap DTC % foll DTC Ratio pap:foll

1952–1959 IDA 17 83 0.2:1
1970–1975 rIDA 54 46 1.1:1
1984–1989 rIDA 72 28 2.6:1
1990–1995 ISA 80 20 4.0:1

Notes: In an ISA anaplastic thyroid cancer is rare and the main type of differentiated thyroid cancer is papillary thyroid 
cancer. The ratio between papillary and follicular thyroid cancer changed due to the introduction of salt iodization. 
Abbreviations: IDA, iodine deficient area; rIDA, relative iodine-deficient area; ISA, iodine-sufficient area; DTC, differentiated 
thyroid cancer; pap, papillary; foll, follicular.
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Hintze et al. (1991) had studied subjects above the age of 
60 from an iodine-deficient region and found thyroid vol-
umes larger than 18 ml in 54.2% of women and thyroid 
volumes larger than 25 ml in 22.5% of men. In the popu-
lation studied by us (Heinisch et al., 2002) 115 persons 
(44 males, 71 females) were older than 60. In 16 men of 
this subgroup (36.4%), we found thyroid volumes larger 
than 25 ml and 35 women of the same subgroup (49.3%) 
had thyroid volumes larger than 18 ml. All in all, enlarge-
ment of the thyroid was discovered in 51 persons among 
the age group above 60 (44%). Thus, goiter prevalence was 
not any lower among the over 60-year-olds in the popu-
lation examined by us, compared to the group suffering 
from iodine deficiency reported by Hintze. This suggests 
that prophylactic iodization of salt in a dosage as specified 
above to remedy long-standing iodine deficiency does not 
lead to an appreciable reduction in goiter prevalence in the 
group of patients who had developed goiter in the period 
of iodine deficiency. This seems plausible against the back-
ground of data collected so far on the minimum dose 
required for goiter regression therapy by means of iodine. 
In most studies reporting successful iodine therapy, com-
paratively high dosages of 300–1000 g iodine/day were 
applied, whereas dosages of 100–150 g iodine/day did 
not show any significant effect (Benker, 1996).

It is well-known that iodine supply may trigger autoim-
mune thyroid diseases (Kahaly et al., 1997). Since we are 
lacking data on the prevalence of autoimmune thyroid 
disease in our country prior to the introduction of iodine 
prophylaxis, we are unable to compare the data collected 
by us on the frequency of elevated titers of thyroid auto-
antibodies against prior findings. Clinical observations, 
however, show that thyroid autoimmune disease is much 
more frequent now compared to observations 20 years ago. 
This is not only true for Hashimoto’s disease, but also for 
Graves’ disease.

In the multicenter trial performed from 1987 to 1995 
in more than 400000 inhabitants of Austria it could 
be demonstrated that due to the increase of salt iodiza-
tion hyperthyroidism increases (Mostbeck et al., 1998). 
However, there are differences in the cause of increase if 
we separate thyroid autonomy from Graves’ disease as a 
cause of hyperthyroidism. Hyperthyroidism due to thy-
roid autonomy increases transiently with a MRR 2 years 
after the increase of salt iodization and decreases thereaf-
ter. In contrast, hyperthyroidism due to Graves’ disease 
increases with a MRR 3 years after the increase of salt iodi-
zation and remains high thereafter. This means that today 
in Austria thyroid autonomy as cause of hyperthyroidism 
decreases, whereas Graves’ disease increases and it can be 
expected that for the future in Austria Graves’ disease will 
become the main cause of hyperthyroidism.

Several factors cause the development of thyroid can-
cer, although the exact mechanism is not yet elucidated 
(Langsteger et al., 1993). Whereas total incidence of thyroid 

cancer is not different between IDAs and ISAs, increase in 
iodine supply changes the histological type of thyroid cancer 
(Lind et al., 1998). The changes in iodine supply over the 
last 40 years in Austria also led to a change in histological 
types in thyroid cancer. Whereas the ratio from papillary to 
follicular thyroid cancer was 0.2 before 1963, it has changed 
to 4.0 after 1990 (Gomez-Segovia et al., 2004). This under-
lines observations in other countries that sufficient iodine 
supply leads to thyroid cancer types with much better prog-
nosis (Hedinger, 1981). Follicular thyroid cancer dedifferen-
tiated follicular thyroid cancer and anaplastic thyroid cancer 
have become less frequent in Austria.

Summary Points

l The introduction of salt iodization in an IDA leads to 
an improvement in iodine supply, measurable in an 
increase of urinary iodine excretion.

l Improvement in iodine supply leads to a marked reduc-
tion of goiter prevalence in young people, but has failed 
to target the elderly.

l The improvement of iodine intake in Austria led to a 
transient increase in hyperthyroidism caused by thyroid 
autonomy, but decreased thereafter.

l The improvement of iodine intake in Austria has also 
led to a permanent increase of autoimmune thyroid 
diseases: Hashimoto’s disease and Graves’ disease.

l Increase in iodine supply changes the histological type 
of thyroid cancer: sufficient iodine supply leads to an 
increase of papillary thyroid cancer, a thyroid cancer 
type with a better prognosis. Follicular thyroid cancer, 
dedifferentiated follicular thyroid cancer, and anaplas-
tic cancer have become less frequent in Austria.
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Abstract
Globally, iodine deficiency remains the commonest cause 
of preventable brain damage and loss of intelligence. 
In the early 1990s, IDD was prevalent in all provinces/
autonomous regions of China, and as many as 720 mil-
lion people, or about 40% of the world’s population at 
risk of iodine deficiency, lived in China. In 1993, the State 
Council of China brought forward the National IDD 
Elimination Program, setting the goal of virtual IDD elim-
ination in China by the year 2000. The program adopted 
USI as the principal strategy for IDD prevention and con-
trol, to be supported by a broad-based implementation and 
management mechanism and multi-sectoral cooperation, 
health education, and social participation. The health sec-
tor has been instrumental in achieving the goal in health-
care service delivery. Research and epidemiological surveys 
in the 1960s–1980s provided both the scientific basis for 
IDD prevention and control through salt iodization, and 
a model and valuable lesson for monitoring and surveil-
lance of the effectiveness of the National IDD Elimination 
Program. The health sector is responsible for: (1) overall 
technical supervision of the program; (2) epidemiological 
surveillance of the outcomes of the program; (3) research 
and evaluation of techniques and standards; (4) coordina-
tion of health education and advocacy; and (5) the pro-
vision of iodized oil capsules in special high-risk areas, 
particularly where iodized salt coverage is low or ineffec-
tive, as a complementary measure to USI. IDD elimination 
is one of the typical examples of multi-sectoral collaboration 
to combat a major public health problem. The salt sector 
plays an essential role in supplying sufficient quantities of 
quality iodized salt as the principal solution to the problem. 
In order to achieve full implementation and enforcement 
of the USI strategy, the central government enacted three 
major regulations to set the legal framework that underpins 
USI. Through salt industry reform, technology upgrade, 
and the establishment of the iodized salt distribution net-
work, the IDD elimination goal has been achieved and 
consolidated. The key contributing factors to China’s suc-
cess in achieving sustained IDD elimination include: (a) a 
high level of government commitment and leadership, by 

placing IDD elimination on the national social and eco-
nomic development agenda; (b) multi-sectoral cooperation 
and social participation; (c) legislation and law enforce-
ment, which underpin USI; (d) well-coordinated monitor-
ing and surveillance systems, and quality assurance to assess 
and guide processes and outcomes. There are some issues 
that still remain a great challenge, such as how to reach the 
remaining 10% of the “hard-to-reach” population groups 
mostly resident in western China. Nevertheless, China has 
made enormous progress toward sustained IDD elimina-
tion, despite being the world’s most populous country, and 
has set an example for the rest of the world.
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Introduction

Iodine deficiency is a global public health concern exhibit-
ing a spectrum of adverse effects on mental, physical and 
functional abilities, collectively known as iodine deficiency 
disorders (IDD). It impacts all ages, but is most damaging 
in women of childbearing age (WCBA) and young chil-
dren. According to the WHO, iodine deficiency remains 
the single greatest cause of preventable mental retardation 
in the world (Anderson et al., 2005). Universal salt iodi-
zation (USI) is the recommended strategy for controlling 
iodine deficiency (WHO, 1996, 2001), and requires that all 
edible salt, including food industry and household salt, be 
iodized. By 2004 over 100 countries had implemented salt 
iodization programs. Today, 70% of households worldwide 
use iodized salt (UNICEF, MI, 2004; UNICEF, 2006).

Iodine deficiency has been recognized for a long time 
as a major issue in China. Data collected in 1993 indi-
cated that nationwide, 720 million or forty percent (40%) 
of the world’s population threatened by iodine deficiency 
lived in China, confirming iodine deficiency as a leading 
national public health problem (MOH, 1995). In 1993, 
the Chinese government adopted USI as the national 
strategy to control iodine deficiency, following its commit-
ment made at the World Summit for Children in 1990. 
The National IDD Elimination Program was imple-
mented shortly thereafter. Recently, China celebrated the 
tenth anniversary of its USI strategy. Over these 10 years, 
enormous achievements (Table 85.1) have been made in 
the world’s most populous country. The 2005 National 
IDD Epidemiological Survey showed that the proportion 
of households consuming adequately iodized salt in China 
had reached 90.2%, and the total goiter rate in children 
had reduced to below 5%. Both indicators have met the  

international standard for control of IDD. The survey also 
revealed that the national median urinary iodine excretion 
(UIE) was 246 g/l, indicating iodine sufficiency in the 
Chinese population (WHO/UNICEF/ICCIDD, 2001; 
MOH, 2006).

In this chapter we will briefly review the IDD control 
efforts in China as a case study in relation to healthcare 
service delivery since 1949. Healthcare service delivery, 
in both urban and rural settings, is based on a three-tier 
system with two arms, medical care (hospitals and clin-
ics) and preventive care (centers for disease prevention and 
control). Other than the Ministry of Health (MOH), there 
are more than 10 ministries or administrations in China 
involved in delivering healthcare (United Nations Health 
Partners Group in China, 2005). Here we will examine the 
role of the health sector directly under the MOH, focusing 
on preventive health care in relation to IDD. We will also 
examine the role of the government in legislation and regu-
lation to set the legal framework for USI, and in enforce-
ment through salt industry reform to ensure both the 
quantity and the quality of iodized salt. This chapter will 
also show some snapshots on IDD elimination in the Tibet 
Autonomous Region (TAR), an area of severe IDD with 
particular challenges in addressing the problem of IDD.

The Role of the Health Sector

Applied research that provided the scientific 
basis for the national program

Although goiter has been recorded in ancient Chinese 
medical literature and treated with natural remedies con-
taining iodine, such as kelp and sheep thyroid, the causal 
relationship between iodine deficiency, endemic goiter and 
endemic cretinism was not established in China until the 
early 1960s. In 1960, Professor Ma Tai from the Endocrine 
Research Group of Tianjin Medical College, a pioneer 
and leader in IDD research and control in China and the 
world, discovered that many mentally retarded people 
lived in endemic goitrous areas in the Chengde Prefecture 
of Hebei Province. This discovery led to a comprehensive 

Table 85.1 National IDD surveillance survey results by key indicators

1995 1997 1999 2002 2005

The proportion of households using iodized salt (%)
  5 mg/kg (%) 39.9 81.1 88.9 95.2 94.9
 20–50 mg/kg (%)a 29.7 69.0 80.6 88.9 90.2
Urinary iodine excretion in children (g/l)
 Median UIE 164.8 330.2 306.0 241.2 246.3
 % 50 g/l 13.3 3.5 3.3 5.8 5.6
Total goiter rate in children (%)
 By palpation 20.4 10.9 8.8 5.8 5.0
 By ultrasound – 9.6 8.0 5.6 4.0

aAdequately iodized salt.
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5-year study in the Chengde Prefecture conducted by this 
research group (Ma and Lu, 1994).

The study has been seen as a landmark of IDD research 
in China for several reasons. First, the study revealed that 
people suffering from endemic goiter and endemic cretin-
ism had low thyroid hormone levels, which play a vital role 
in causing damage to the developing central nervous system 
(CNS). Secondly, a trial of iodized salt given to mothers, who 
had already given birth to cretins, showed that these women 
could subsequently produce normal healthy babies (Ma et al., 
1982), providing evidence that endemic goiter and endemic 
cretinism could be prevented by salt iodization. Thirdly, the 
study demonstrated that there were many more people suf-
fering from less severe forms of mental disability compared 
with classical cretinism. Consequently, the term “subclinical 
cretinism” was introduced, which highlighted that iodine 
deficiency could affect the whole community, adversely 
impacting the quality of human lives. Finally, two national 
symposia were organized during the study to disseminate 
this new concept of iodine deficiency adversely affecting the 
developing brain, and to refocus attention from endemic 
goiter to brain damage as the major consequence of iodine 
deficiency (Ma and Lu, 1994; IDD Newsletter, 1998).

Iodine-deficiency-related research regained its momen-
tum in the late 1970s, led by several institutions such as 
Tianjin Medical College, Jiamusi Medical College in 
Heilongjiang Province in northeast and Guiyang Medical 
College in Guizhou Province in southwest China. In 1986, 
the Chinese Research Centre for Endemic Diseases Control 
was established at Harbin Medical University. Some other 
provinces also established Endemic Diseases Research 
Institutes. Between 1985 and 1991 the first international 
collaboration in IDD research and service delivery, the 
China–Australia Technical Cooperation Project on IDD, 
was conducted in China. The objectives of the project were 
to promote basic and applied research, and to introduce 
the new concept of monitoring the effectiveness of IDD 
prevention and control programs by setting up four col-
laborative IDD monitoring laboratories in Tianjin Medical 
University (College), Harbin Medical University, Guiyang 
Medical College and Qinghai Provincial Endemic Diseases 
Research Institute on the Tibet Plateau. The laboratories 
provided services for monitoring urinary iodine levels, the 
best proxy indicator of dietary iodine intake, and for meas-
uring neonatal thyroid-stimulating hormone levels, which 
were considered the most sensitive indicators of the level of 
population iodine nutrition (Eastman, 1991; Wang et al., 
1997; WHO, 2001; Li and Eastman, 2003).

Epidemiological studies and salt fortification 
programs targeted in “endemic areas”

From the 1960s through to the 1980s, numerous epi-
demiological surveys of varying scale were carried out in 
many parts of the country, mostly searching for endemic 

goiter and endemic cretins, using the Chinese diagnostic 
criteria (Ma et al., 1982). Endemic goiter was found to 
be widespread, with goiter prevalence varying from 11% 
to 85%. Many new “endemic areas” were identified by the 
prevalence of endemic goiter and/or cretinism, i.e., total 
goiter rate over 20% or the incidence of grades II and III 
endemic goiter at more than 5% (Ma et al., 1982). The 
epidemiological studies were exemplified by the discovery 
of the “idiots village” in Heilongjiang Province in northeast 
China. In the 1978 study, Professor Li Jian Qun, a leading 
figure in the fight against iodine deficiency in China, and 
his colleagues from Jiamusi Medical College, found that 
about 85% of the villagers had goiter and 11% of the peo-
ple surveyed were cretins. The thyroid hormone levels in 
the village population were at the lower end of the normal 
range (Li, 1980; Kochupillai and Pandav, 1985). Although 
all school-age children attended the village primary school, 
the annual drop-out rate was as high as 20%; therefore, 
very few children ever completed primary school. As the 
productivity and living standards were poor, due to the 
effects of iodine deficiency, no girls from outside wanted 
to marry into the village (Kochupillai and Pandav, 1985). 
Subsequently, a comprehensive IDD control program was 
implemented in the village, including the supply of iodized 
salt to all households, the supply of water from deep wells 
to all of the villagers, and the provision of iodized oil to 
schoolchildren and women of reproductive age. This com-
prehensive program led not only to a dramatic reduction 
in goiter prevalence and elimination of new cases of cre-
tinism, but also to an improvement in the socioeconomic 
status of the whole village population (Hetzel, 1994).

The identification of “endemic areas” prompted the 
implementation of iodine prophylaxis programs with 
iodized salt in these areas. By the end of 1979, about 70% 
of identified “endemic areas” in 16 provinces in north-
ern China (north of the Yangtze River) were supplied with 
iodized salt, and the goiter rate reportedly halved between 
1973 and 1979 (Ma et al., 1982). In addition to iodized 
salt, iodized oil injections or capsules, given by rural pri-
mary healthcare workers, were also used in some parts of 
China, such as Xinjiang Province and Inner Mongolia 
where raw rock or lake salt was readily available at no cost 
(Ma et al., 1982). Although the goiter rate fell, with few if 
any new cretins born as a result of these efforts, IDD was 
not completely controlled since mild mental retardation still 
existed, possibly due to a combination of factors including a 
lack of strong political will, poor-quality iodized salt and the 
absence of an effective monitoring system (Chen, 2006b).

The new monitoring and surveillance role in 
the National IDD Elimination Program

The commitment of the Chinese government to the vir-
tual elimination of IDD by 2000 opened a new era in 
China in the fight against IDD. The 1993 National 
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Advocacy Meeting resulted in the establishment of the 
multi-sectoral State Council Leading Group for IDD. The 
National IDD Control Program was approved by 2000 
by the state council, in which USI was adopted as the 
principal strategy of the National Program (Wang et al., 
1997). In 1994, the state council of the PRC promul-
gated “Iodized Salt Management Regulations for IDD 
Control,” stipulating that the health department at all lev-
els was responsible for the control of public health prob-
lems caused by iodine deficiency, and the health inspection 
and supervision of the quality of iodized salt. Salt admin-
istration bodies were made responsible for the manufac-
ture and marketing of iodized salt (Chen and Wu, 1998; 
MOH, 2003; Yip et al., 2004). With this clear mandate, 
the MOH assumed the role of technical and scientific 
leadership within the leading group (Yip et al., 2004). The 
Endemic Disease Control Department in the MOH coor-
dinates the monitoring and surveillance services through 
several organizations at the national level and the pre-
ventive care system of Centre for Disease Prevention and 
Control (CDC) at the provincial prefectural, and county 
levels (Figure 85.1).

The National Training and Technical Support Team 
(NTTST), based in the Chinese Academy of Preventive 
Medicine (now the China Centre for Disease Prevention 
and Control, known as China CDC), was created in 
1993 following the national advocacy meeting to provide 
training, technical support and international cooperation 

for the national IDD program, particularly in support of 
monitoring and surveillance, health education and social 
mobilization (Wang et al., 1997, Yip et al., 2004).

The National IDD Epidemiological Surveillance Survey 
was initially planned to be carried out every two years, but 
was later extended to every three years. The Chinese National 
Research Centre for Endemic Diseases Control in Harbin 
has played a leading role in planning, data collection and 
analysis for surveys, and information dissemination.

To strengthen the program monitoring and quality assur-
ance system, the National IDD Reference Laboratory (NRL) 
was established in 1997 within the Chinese Academy of 
Preventive Medicine (now China CDC), with financial sup-
port from the government of Australia (Australian Agency 
for International Development, AusAID), UNICEF and 
the WHO, and technical and training support provided by 
Westmead Hospital in Sydney, Australia. The role of NRL 
is to provide external quality control and accreditation to 
provincial IDD laboratories and technical training for pro-
vincial personnel. A national IDD monitoring laboratory 
network has also been formed (MOH, 2003). To date, five 
nationwide IDD epidemiological surveillance surveys (Table 

85.1) have been carried out in 1995, 1997, 1999, 2002 and 
2005 using three key indicators, namely household iodized 
salt coverage rate, median UIE level and thyroid goiter rate 
(WHO/UNICEF/ICCIDD, 2001; Chen, 2006a).

Other than the national surveillance surveys, the quality 
of iodized salt at point of manufacture, and at wholesale, 
retail and household levels is routinely monitored by pub-
lic health workers in 31 provinces/autonomous regions. In 
2005, about 85% of the counties in China actively partici-
pated in the iodized salt monitoring scheme (Chen, 2006a).

Another important group, the National IDD Advisory 
Committee (NIDDAC) chaired by Professor Chen Zupei, 
has played a crucial role in the national program. Under 
the leadership of the MOH, NIDDAC provides scientific 
and technical guidelines, standards and recommendations. 
It also provides evidence for policy development (IDD 
Newsletter, 1998). Since 1993 NIDDAC has re-evaluated 
and standardized the measurement of thyroid gland size 
by palpation and ultrasound; standardized urinary iodine 
testing methods. It has also evaluated the technical aspects 
and the application of neonatal TSH in IDD monitoring, 
iodine excess and excessive dietary iodine-induced goiter, 
and the role of iodized oil in the prevention and control of 
IDD and iodine-induced hyperthyroidism (Chen, 2002).

Iodized oil has been used to control IDD in China for 
more than 20 years. It was initially administered by injec-
tions, which were replaced by oral iodized oil capsules 
(IOCs) in 1978 (Shu, 2002). The “National Outlines 
for the Elimination of IDD in China by Year 2000”, 
approved by the state council, clearly stated that salt iodi-
zation should be the predominant solution, supplemented 
by iodized oil (Shu, 2002). This is particularly relevant 
in the western parts of the country, especially in Xinjiang 

State council

NDRC MOH

County CDC

Prefectural
CDC

DDPC

NIDDAC

NEDRC

NTTST

NRL

CNSIC

Prefectural salt
corporation

County salt
corporation

Provincial salt
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Figure 85.1 The key organizations of the National IDD 
Elimination Program. NDRC, National Development and Reform 
Commission; CNSIC, China National Salt Industry Corporation; 
MOH, Ministry of Health; CDC, Centre for Disease Prevention 
and Control; NIDDAC, National IDD Advisory Committee; 
NEDRC, National Endemic Diseases. Research Centre; NTTST, 
National Training and Technical Support Team; NRL, National IDD 
Reference Laboratory.
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and Tibet, where the population is sparse, making the  
distribution of iodized salt difficult and often very costly. 
Furthermore, raw rock or lake salt is readily available, 
often at little or no cost. IOCs are administered by town-
ship and village doctors who are at the grassroots level of 
the rural primary health system. Before the mid-1980s rural 
healthcare was under the social welfare system, and doctors’ 
services were compensated by the local government and the 
community. With the country moving toward a market 
economy, the township and village doctors now provide their 
services for a fee (United Nations Health Partners Group 
in China, 2005). In addition to treating people with com-
mon diseases and the provision of essential medicines, their 
role has been extended to maternal and child healthcare,  
family planning, immunization, sanitation and safe water 
supply, health education and nutrition promotion, and 
local endemic disease control (Anson and Sun, 2005).

Health promotion and social mobilization are major 
components of the National IDD Elimination Program 
that are mostly coordinated and carried out by the health 
sector in collaboration with other sectors. One of the main 
activities of the program has been the IDD Day in May 
of each year that involves all levels of government and the 
whole of civil society, and each year the event has a main 
theme. In May 2000, the 7th National IDD Day coin-
cided with the launch of the Australia–China Tibet IDD 
Elimination Project in Lhasa, capital of the TAR. Since 
then a major advocacy event is planned around the IDD 
Day focusing on a specific province/autonomous region 
where the goal of IDD control is yet to be achieved.

The Role of the Government

Support public goods in health

Major mandates of MOH are to implement the policy of 
“Prevention First” and to provide health education to the 
general public; to develop programs on the prevention and 
treatment of diseases that endanger the health of the popu-
lation; and to organize the comprehensive prevention and 
treatment of major diseases (Chinese Government, 2005). 
Since the founding of the People’s Republic of China in 
1949, the Chinese government has made great efforts to 
provide for public health programs through five-yearly 
plans, ranging from prevention and control of infectious 
diseases, such as schistosomiasis and other endemic dis-
eases, to improving maternal and child health, besides other 
preventive and promotional programs that have made huge 
impacts on health of the people, as well as of the nation 
(United Nations Health Partners Group in China, 2005).

The government of China has played a central role in 
IDD control. As early as the 1960s the central govern-
ment created the Leading Group for Endemic Disease 
Control, with membership from several relevant minis-
tries. Similar leading groups were established at provincial 

levels, chaired by governors or vice governors, which indi-
cated the high level of commitment and authority to deal 
with issues related with control of endemic diseases. In the 
late 1970s, the Central leading group was resumed, and in 
1978 the state council mandated that funds for salt iodiza-
tion should be provided by the government (Wang et al., 
1997). Meanwhile, the ministerial meetings for the MOH, 
Ministry of Light Industry and Ministry of Commerce 
were held annually as a forum for coordinating administra-
tive and technical issues. The financial and administrative 
arrangements and scientific and technical support enabled 
salt fortification programs to be carried out in “endemic 
areas” (Ma and Lu, 1994).

As the world realized that IDD has become a major 
public health threat to millions of people, and that a per-
son’s mental ability directly affects his or her contribution 
to society and a nation’s development, the Chinese govern-
ment made a great commitment to the world in 1991 to 
eliminate IDD in China by 2000. The National Advocacy 
Meeting to Eliminate IDD by the Year 2000 in China, 
hosted by the state council in September 1993, was the 
catalyst for the National IDD Elimination Program. The 
key national IDD elimination strategies include:

l Setting up a comprehensive IDD prevention and  
control program with USI as the principal measure.

l Establishing a broad-based program implementation 
and management mechanism, coordinated at all levels 
of government, with close collaboration between health 
and salt sectors and other relevant sectors.

l Ongoing health education and advocacy to ensure a 
high level of political commitment and support for IDD 
elimination.

International organizations and agencies, including 
UNICEF, WHO, UNDP, ICCIDD, the World Bank, 
and bilateral aid donors, including Australia, Canada and 
Switzerland, have joined forces in support of the Chinese 
government’s efforts.

Legislation, regulations and enforcement  
of USI

Because of the tight state control over the production and 
trade of salt before the mid-1980s, salt iodization in iodine- 
deficient “endemic areas” was undertaken successfully, with-
out legislation or enforcement. As China moved from a 
planned economy to a market economy, salt production 
and trade became decentralized and there were many small 
and medium-sized operators. With the central government 
adopting the strategy of USI, in order to undertake effec-
tive salt fortification and ensure mandatory use of iodized 
salt throughout the country, it became necessary to imple-
ment laws and regulations to provide legal authority and an 
adequate regulatory framework. In 1994, the state coun-
cil promulgated “Iodized Salt Management Regulation for 
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IDD Control.” The regulations clearly defined the roles 
and responsibilities of the government and provided com-
prehensive guidelines for the management and supervi-
sion of iodized salt production, transportation, marketing,  
supply and storage. In addition, two regulations specifi-
cally concerned with the salt industry, “Regulations on Salt 
Management” and “Edible Salt Monopoly Regulations,” were 
enacted, covering all aspects of legislation, law enforcement 
and quality assurance issues (MOH, 2003). Subsequently, 
25 provincial/autonomous regional governments formulated 
37 relevant rules and regulations to ensure implementation 
of the national regulations at the local level. This legal frame-
work laid the foundations for the National IDD Elimination 
Program (Chen and Wu, 1998; IDD Newsletter, 1998).

Within this legal framework a comprehensive manage-
ment mechanism monopolized by the national salt indus-
try was established reshaping the landscape of China’s salt 
industry. At the national level, the China National Salt 
Industry Corporation (CNSIC), a state enterprise and the 
implementing agency for the National IDD Elimination 
Program under the Ministry of Light Industry (Now 
the National Development and Reform Commission), 
is responsible for national-level planned allocation and 
coordination of iodized salt supply and distribution. Salt 
industry administrations were put in place in all 31 prov-
inces/autonomous regions and made responsible for the 
planned allocation and distribution of iodized salt at the 
provincial level. Similar bodies were also set up at the pre-
fecture and county levels (Figure 85.1). In addition to a 
license for production, a license for wholesale and trans-
portation of iodized salt is also required (CNSIC, 2000; 
Yip et al., 2004). One of the major steps the government 
took to enforce the legislation and regulations was to 
regain tight control of the salt market, by issuing licenses 
only to large salt manufacturers to ensure the quality of 
iodized salt. These licensed manufacturers operate under 
the province-salt administration (with government reform, 
the province-level salt administration may now be embed-
ded in different government departments). This measure 
has unavoidably squeezed out all small and medium-sized 
salt manufacturers (Yip et al., 2004).

In 1995, the total salt production capacity of the 
licensed manufacturers, just over 3 million metric tons, 
was insufficient to meet the requirements of the National 
IDD Elimination Program. In order to improve produc-
tion capacity to ensure the supply and quality of iodized 
salt, the government made a major investment (Yuan/
RMB 980 million) to upgrade salt production and pack-
aging facilities for 120 large-scale salt manufacturers. The 
World Bank provided a $27 million loan toward this 
project (CNSIC, 2000). The increase in the quantity of 
iodized salt production between 1993 and 2005 is shown 
in Figure 85.2. Subsequently, the quality of iodized salt, in 
terms of the proportion of households using adequately 
iodized salt and the iodine content meeting the national 
standard, also improved (Table 85.2).

The government’s support of salt industry reform and 
technology and upgrading of facilities has been the corner-
stone of the National IDD Elimination Program through 
USI. The government also supports the crackdown on the 
production, transport and trade of noniodized salt, known 
as “illegal salt.” The market is policed by several sectors 
such as the province-, prefecture-, and county-level salt 
administration, the anti-epidemic stations, the Bureau of 
Public Security (Police Department), Bureau of Industry 
and Commerce, and Bureau of Road Traffic to prevent 
illegal salt entering the market. However, law enforce-
ment and prevention of illegal salt entering the market is 
more difficult where natural sources of salt can be accessed 
easily.
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Figure 85.2 Iodized salt production between 1993 and 2005.

Table 85.2 Iodized salt quality from national surveillance 
surveys

Iodized salt quality 1995 1997 1999 2002 2005

Median salt iodine  
 content (mg/kg)

16.2 37.0 42.3 31.4 30.8

The proportion (%) 
 of households using 
 adequately iodized salt 
 (20–50 mg/kg)

29.7 69.0 80.6 88.9 90.2
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The Key Contributors to Success and 
Lessons for Reflection

The key contributing factors to China’s success 
in sustained elimination of IDD

The National IDD Elimination Program in China has 
gone through three major stages. During the initial stage, 
between 1993 and 1995, the focus was on achieving a high 
level of political commitment, setting up programs for 
implementation and management, and conducting base-
line national IDD surveillance surveys. Between 1996 and 
2000 the program took a giant leap forward through stra-
tegic improvement in salt production capacity and qual-
ity assurance, resulting in a significant increase in iodized 
salt coverage of households and improvement in outcome 
indicators. By 2000, China as a whole achieved its goal 
of USI, with 90% of households consuming iodized salt 
(5 mg/kg). Since 2000, while consolidating the achieve-
ment in the 24 provinces that had reached the USI goal, 
the main focus of the program has been providing support 
to the 7 provinces/autonomous regions that have yet to 
achieve this goal (MOH, 2003; Yip et al., 2004). In 2003, 
the MOH conducted a systematic review of the National 
IDD Elimination Program. The review highlighted four 
major contributing factors that are fundamental to China’s 
success in achieving IDD elimination for the country as a 
whole (MOH, 2003). These factors were as follows:

1. A strong level of government commitment and leader-
ship, multi-sectoral cooperation, social mobilization 
and participation.

2. Legislation and law enforcement to underpin USI.
3. Strategic support to high-risk areas.
4. Consolidation of achievements for sustained IDD 

elimination.

Other measures that have significantly contributed to 
the success of the national program include:

l A well-coordinated program monitoring and surveillance 
system that provides accurate information on the IDD situ-
ation and the impact of the program, which form, the basis 
for policy development and program decision-making.

l Monopolized salt production and supply network by 
major government investment to improve the produc-
tion capacity and quality of salt and recentralize the pro-
duction, transportation and marketing of iodized salt.

l People from health and other sectors who are dedicated 
to the cause and have made the achievement possible.

Points for reflection

At the national level, China achieved its goal of IDD elimi-
nation by year 2000 as measured by iodized salt coverage. 
The achievement has been sustained for 5 years and contin-
ues to improve. Households consuming adequately iodized 

salt (iodine content 20–50 mg/kg) had reached just above 
90% in 2005. The remaining 10% of households, however, 
are mostly the poorest who live in remote, underdeveloped 
areas and are, therefore, the hardest to reach. Currently, the 
biggest challenge for the Chinese government is to reach the 
remaining 10% are mostly the poorest who live in remote, 
underdeveloped area, which constitutes approximately 130 
million people not provided with adequately iodized salt. 
Most importantly, the number of infants unprotected from 
IDD may be as high as 1.7 million (Zimmermann, 2007).

Key elements of the success of the National IDD 
Elimination Program in China since 1995 have been the 
national IDD surveillance surveys and routine salt quality 
monitoring system using standardized methods, which have 
facilitated tracking of progress and identification of prob-
lem areas. For instance, the 2002 national survey identi-
fied seven provinces/autonomous regions (Tibet, Xinjiang, 
Qinghai, Gansu, Sichuan, Chongqing and Hainan) mostly 
in the western region with relatively low economic devel-
opment, that had failed to meet the goal of USI. Again 
in 2005, Tibet, Xinjiang, Qinghai and Hainan were still 
falling behind in household iodized salt coverage (Chen, 
2006b), highlighting that the progress toward sustainable 
IDD elimination is uneven.

Since 2000, the focus of the National IDD Elimination 
Program has shifted to areas where the progress of USI has 
been hindered because of the availability of excessive noni-
odized salt disrupting the market. In the east and southeast 
coastal regions, small salt operators who were producing 
noniodized or iodized salt of inferior quality for human 
consumption were shut down, resulting in an improve-
ment of uptake and quality of iodized salt (Ling and Li, 
2005). Another region of concern is in western China, 
particularly Xinjiang, Tibet and Qinghai, where abundant 
raw salt has found its way onto the market from salt lakes 
and deposits. Despite efforts such as setting up distribu-
tion centers in southern Xinjiang (Yip et al., 2004) and an 
attempt to import iodized salt from neighboring provinces 
into parts of Tibet (Li et al., 2005), there has been little 
success in combating this problem. Most alarmingly, new 
cases of cretinism in children younger than 10 years of 
age have been found in the southern part of the Xinjiang 
Autonomous Region, where coverage of qualified iodized 
salt is only around 30%. All the cretins come from villages 
where noniodized rock salt or desert salt is readily available. 
This has prompted the emergency response of a distribu-
tion program of IOC to WCBA, pregnant and lactating 
women, and young children, coupled with a survey in 95 
counties of 10 western provinces, searching for possible 
new cretins (Chen, 2007). Finding a workable solution to 
the problem in western China is a matter of urgency.

Because of the special circumstances in western China, 
such as a relatively poor economic development, low pop-
ulation density and, more prominently, ready availabil-
ity of raw salt, other options such as iodizing the locally 
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produced raw salt need to be considered as possible future 
solutions. This option was undertaken in the past in some 
areas in Tibet in the 1980s and has been employed in other 
developing counties with reported success (Tanduk et al., 
2006) People may argue that the quality of the raw salt 
does not meet the standard when compared with refined 
salt, and that the operation is not sustainable. However, 
under the circumstances this can be used as a transitional 
strategy, to deliver iodine to people until effective sustain-
able solutions can be implemented. As the region develops 
the situation will inevitably change. Of course, to adopt 
this strategy in western China, a policy change, such as per-
mitting small salt operators to produce iodized salt from 
raw salt, and providing technical and financial support to 
them, will be required from the government.

Another issue is the funding for monitoring and surveil-
lance. Currently financing for public health activities, such 
as monitoring salt quality and, to a large extent, the national 
surveillance survey, is the responsibility of the local govern-
ments. With limited budgets and competing service delivery 
priorities at the local government level, IDD monitoring and 
surveillance may not be prioritized for funding. To ensure 
that monitoring and surveillance activities are carried out 
and accurate and credible data are collected, continuing 
advocacy for support at all levels of government remains 
an important issue.

Snapshot on Tibet

Measures to control IDD in Tibet were first undertaken by 
public health authorities in the 1970s. Since 1990 iodized 
salt and IOCs were employed intermittently on a small 
scale, with beneficial, but very limited results. The results 
of the 1997 National IDD Surveillance Survey from the 
TAR revealed that the household “Qualified Iodized Salt 
Coverage Rate” was only 6.2%, and that 29% of school-
children had palpable goiter, while the median urinary 
iodine level of school-aged children was 55 g/l.

In keeping with the national regulations, in July 1997 
the TAR government passed the “Detailed Measures for 
the Implementation of the Iodized Salt Management 
Regulations for IDD Control in Tibet.” A salt administra-
tion body – the Tibet Salt Corporation – was established. 
The policy and administrative arrangements were cou-
pled with government funds for setting up the Lhasa Salt 
Iodization Factory, an iodized salt production facility, with 
a maximum annual production capacity of 10 000 met-
ric tons. The facility was opened in Lhasa in May 1998, 
representing a huge leap forward in IDD elimination in 
Tibet. Each level of government also signed the “Target 
Responsibility Document” for iodized salt sales through 
“government action.”

The challenges of effectively implementing USI in 
Tibet are enormous. One of the main challenges is the 
vast number and size of natural sources of raw salt from 

salt lakes. This raw salt costs a lot less than manufactured 
iodized salt, or it can be obtained at no cost through bar-
tering. Salt traders often bring the raw salt in bulk to each 
household so that it can be stored for years and can be 
shared between households and domestic animals. Another 
challenge is the sparse population, many being nomads 
who are difficult to reach. All of this is compounded by 
difficult terrain and poor road conditions. These fac-
tors have made it hard to reach people and also make law 
enforcement for stopping noniodized raw salt entering the 
market or households much more difficult. In addition, the 
long distances for transportation add extra costs to iodized 
salt by the time it reaches rural and remote areas, where 
people can least afford to purchase it. Above all, there is a 
lack of an effective salt distribution infrastructure.

In 1998, the Tibet Bureau of Public Health (TBPH), 
now the Tibet Department of Health (TDOH), put for-
ward a request to the WHO for international assistance in 
the effort for IDD elimination in Tibet. Based on recom-
mendations from the feasibility study funded by the WHO 
and led by two of the authors, the Tibet IDD Elimination 
Project was developed and funded by AusAID. The project 
was implemented in 2000–2004 (Eastman and Li, 2004).

The major components of the project were to:

l Conduct multi-sectoral health education and health 
promotion activities to create a demand for iodized salt;

l Deliver IOCs to WCBA and children under 2 years of 
age;

l Make quality iodized salt available for consumption by 
the whole of the Tibetan population;

l Introduce quality assurance systems for iodized salt;
l Establish effective coordination, monitoring and man-

agement systems.

When USI was pursued throughout China, for the most 
part it was a matter of people switching to iodized salt 
when it became the only salt available in the market. In 
areas such as Tibet, however, the situation is quite differ-
ent. Relatively low economic development, compounded 
by readily available raw salt through the century-old, tra-
ditional barter system, has made the push for iodized salt 
much more challenging. Health education using locally- 
developed relevant materials and communication chan-
nels, such as culturally sensitive posters, radio broadcasts 
and television advertising, to create demand for iodized 
salt was one of the important interventions of the project 
(Li et al., 2005).

In this project, IOCs were given to all WCBA and 
infants (0–2 years) as a transitional measure aimed at 
protecting the unborn child and young infants from the 
effects of iodine deficiency, while the ultimate goal is still 
for Tibet to catch up with the rest of the country in USI 
(Li et al., 2005). The IOC, coordinated by the TDOH 
and seven prefecture health bureaus, was distributed annu-
ally through the rural primary healthcare system at county, 
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township and village levels, often combined with the 
Expanded Program on Immunization (EPI) or other activ-
ities, and achieved a remarkable coverage rate of close to 
100% for both WCBA and young children. Potentially up 
to 170 000 children have been protected from brain dam-
age due to iodine deficiency through this intervention (Li 
et al., 2005) (Figure 85.3).

The Tibet IDD Elimination Project supported a trial 
of setting up salt distribution networks in six counties in 
the Lhasa Municipality and Shannan Prefecture to make 
iodized salt accessible to the population (Li et al., 2005) 
(Figure 85.4). Each Municipality/Prefecture Salt Corporation 
was responsible for delivering iodized salt to shops or to 
the houses of some village chiefs as part of the network, 
to be sold at a fixed price (1.5 Yuan/kg, approximately 20 
US cents). Transportation costs were covered by the price  

difference between the ex-factory price and the retail price; 
therefore, the Prefecture Salt Corporation essentially was not 
making any profit. Despite the acceptance and demand for 
iodized salt, without the government’s subsidy it would have 
been difficult for this mechanism to roll out. By collabora-
tion with the Tibet Department of Education, through one 
of the government poverty alleviation funds in education –  
the “Three Cover Funds” (covering food, accommodation 
and study materials) – the project saw all children in boarding 
schools (from the 4th grade) throughout Tibet consuming  
iodized salt from school canteens.

New developments

There have been some new developments recently in the 
continuing support of the National IDD Elimination 
Program by central and local governments. On 15 May 
2007, coinciding with the 14th national IDD Day events, 
the MOH, the State Development and Reform Commission 
and the China National Salt Industry Corporation held the 
“Conference on Strategies to Prevent and Control IDD” 
in Urumqi, Xinjiang Autonomous Region. The major out-
comes of this conference are as follows:

1. Top leaders of the Xinjiang Autonomous Region have 
committed 20.5 million Yuan/RMB each year for the 
IDD Elimination Program in Xinjiang, mainly to sub-
sidize the supply of iodized salt.

2. The TAR government has committed funds to subsidize 
the iodized salt program in order to achieve a universal 
price (1.5 Yuan/RMB per kg iodized salt) throughout 
the whole of the TAR.

3. The MOH has agreed to conduct a feasibility study in 
2007 into iodizing raw salt in Tibet.

4. The MOH will provide a special fund to support an 
IDD Elimination Program in the western provinces.

5. An IOCs distribution program will be initiated in areas 
where new cretins have recently been discovered.

In addition, the state council and the MOH have com-
mitted to setting up a special funding arrangement from 
2007 to support monitoring and surveillance, particularly for 
economically less developed provinces/autonomous regions.

Summary Points

l IDD is the most preventable mental disability in the 
world. The principal solution to the problem is USI.

l China has come a long way in its efforts to achieve sus-
tained elimination of IDD. The Chinese government is 
strongly committed to providing a comprehensive IDD 
prevention and control program through USI.

l The health sector in China has played a vital role in 
research and development and health service delivery, by 

Figure 85.3 Women and young children receiving iodized 
oil capsules. Women of childbearing age and young infants 
(0–2 years of age) have been protected by iodized oil capsule 
supplement.

Figure 85.4 The signage at a place selling adequately 
iodized salt in the trial iodized salt distribution network for easy 
identification.
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providing overall technical supervision of the program 
and technical advice to the government: coordinating  
monitoring, surveillance and quality assurance of iodized 
salt, and health education and advocacy activities.

l The central government has provided strong support 
to the national program by setting up the legal frame-
work through three major regulations; it has supported  
salt industry reform to monopolize the salt industry to 
ensure USI. It has also invested heavily in improving the 
production capacity and quality of iodized salt.

l The key factors that underpin the success of the China 
National IDD Elimination Program have been the high 
level of political commitment and leadership, regula-
tions and legal enforcement to ensure USI, cooperation 
of all relevant sectors, and monitoring and surveillance 
of progress that assisted decision-making.

l The greatest challenge for the government of China 
now is to reach the remaining 10% population that has 
no access to adequately iodized salt, to ensure that the 
brains of unborn children in these areas are protected 
from the devastating effects of iodine deficiency.

l Issues need to be addressed in the less-developed regions 
of western China (Xinjiang, Tibet and Qinghai) where 
natural sources of crude salt are used by the locals, while 
refined iodized salt is either unaffordable or inaccessi-
ble. A new policy needs to be formulated to address this 
situation.
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Abstract

The goal of this study was to evaluate the effects of iodine 
prophylaxis programs on ioduria, thyroid function (deter-
mined by TSH and FT4) and thyroid volume (examined 
by sonography), and the presence of antibodies against 
thyroglobulin and thyroid peroxidase. Examinations 
were done for a randomly chosen sample of population 
from three regions of the Czech Republic, using the same 
methodology at 5-year intervals (when changes in meth-
ods occurred, only the distribution of the normal and 
pathological values were used in the study). Examination 
of 3587 individuals of both genders aged 6–65 years was 
done. The results showed no homogenous rise in ioduria, 
with a decline in lower values (under 100 g/l) and an 
increase in high values (above 300 g/l) – especially in 
children. There was no change in the distribution of TSH 
values, but there was a significant decline in low values 
of FT4 and a rise in normal values. Thyroid volume did 
not change among men, but the number of women with 
enlarged thyroid volumes decreased. A disturbing trend 
was proved for thyroid antibodies: in women there was  
a statistically significant rise in the occurrence of high 
levels of thyroglobulin and thyroid peroxidase antibod-
ies; while in men, only the changes in antibodies against 
thyroid peroxidase were significant. Our findings give 
evidence that iodine prophylaxis has a significant positive 
effect on ioduria, does not show an increase in abnormal 
thyroid function, and shows a decrease in thyroid volume in 
women. There was a disturbing trend of an increase in anti-
bodies against thyroid antigens, especially against peroxi-
dase. The results of the study demonstrate the necessity for 
the ongoing monitoring of iodine supplementation and 
its effects on the thyroid gland, especially on the increased 
prevalence of thyroid autoimmunity.

Abbreviations

FT3 Free triiodothyronine
FT4 Free thyroxine

ICCIDD  International Council for the Control 
of Iodine Deficiency Disorders

IU/l International unit per liter (antibodies)
KIO3 Potassium iodate
KI Potassium iodide
N Number of investigations
P Probability (level of significance)
TPO Thyroid peroxidase
TSH  Thyrotropin (thyroid-stimulating 

hormone)
g/l Microgram per liter (ioduria)
WHO World Health Organization
x Arithmetic mean

Current Status of Iodine Deficiency

Iodine deficiency is likely one of the most frequent causes 
of change in health among the world’s population in mod-
ern times. It has been estimated that currently approxi-
mately between 2.0 and 2.2 billion people suffer from  
lack of iodine (Delange, 2005; Delange et al., 2002; 
Hetzel, 1996; WHO/NUT, 1994; WHO/NHD, 2001). 
Currently, the methods used to deal with the prevention of 
diseases caused by iodine deficiency are, in principle, simple: 
it is necessary to increase iodine intake throughout the world’s 
population. This simple solution is, of course, connected with 
many methodological and technical problems.

These problems include the following:

1. The method of detecting iodine supply levels and 
the evaluation of the effect of the lack or oversup-
ply (Boyages, 1993) of iodine on the condition of the  
thyroid gland (its size, function and the impact on the 
autoimmunity process) and the resulting evaluation 
of the overall condition of health of an entire popula-
tion (from the occurrence of endemic cretinism due to 
significant lack of iodine to mild occurrence of brain 
dysfunction due to lack of iodine during intrauterine 
development); problems in the development of the somatic, 

Evaluation of Iodine Prophylaxis in the Czech Republic: Changes  
in Ioduria, Thyroid Status and Autoimmunity
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sexual and psychological areas; the presence of goiter; 
the disturbance of thyroid function; and the rise in 
malignant thyroid gland disorders (Guan et al., 2005; 
Kabelitz et al., 2003; Kung and Janus, 1996; Mazziotti 
et al., 2003; Pearce et al., 2002; Pedersen et al., 2006; 
Teng et al., 2006; Tsatsoulis et al., 1999). The effect 
of improving iodine saturation is extremely persua-
sive (Baltisberger et al., 1995; Belfiore et al., 1992; 
Braverman, 1998; Zimmerman, 2006).

2. The method of increasing iodine intake (supplementation).
3. Monitoring and evaluating the effect of increased 

iodine intake.

On the basis of the recommendation of the 
ICCIDD(International Council for the Control of Iodine 
Deficiency Disorders) and UNICEF, the basic parameter 
for detecting iodine supply is by evaluating the concen-
tration of iodine in morning urine – ioduria. For special 
purposes it is possible to use the relationship between 
the concentrations of iodine and creatinin in morning 
urine and the precise daily excretion of iodine (24 h col-
lection of urine is unreliable in ambulating condition). 
The gold standard is therefore the examination of the 
concentration of iodine in the first morning urine sam-
ple (ioduria) (Delange et al., 2002; WHO, UNICEF and 
ICCIDD, 2001). Another criterion for evaluating the 
lack of iodine is by determining the volume of the thyroid 
gland by sonography. There is a clear relationship between 
iodine supply (ioduria) and the volume of the thyroid 
gland (Cetin et al., 2006; Delange et al., 1997; Dunn  
et al., 1991). Thyroglobulin level is an additional crite-
rion for such an evaluation. Thyroglobulin levels rise when 
there is lack of iodine, but this relation may at least in 
last due for increased thyroid volume (Burgi et al., 1999; 
Delange et al., 1997; Gopalakrishnan et al., 2006; Kotnik 
et al., 2006; Milakovic et al., 2004). In pediatric prac-
tice, thyrotropin (TSH) level is an important indicator 
of iodine supply in newly born infants (Delange, 2005) 
in the older age TSH level is influenced by many factors,  
(Teng et al., 2006).

Iodine deficiency and the above-mentioned effects 
that follow from this deficiency are noticeably linked 
to specific regions. The primary source of iodine is sea 
water; therefore, regions distant from the ocean, usually 
 mountainous regions, are linked with clear iodine defi-
ciency in the natural environment (geographic subsoil,  
soil and water), which leads to iodine deficiency through-
out the entire food chain. This often results in iodine 
deficiency disorders not only in humans, but also in live-
stock (Kursa et al., 2000). The Czech Republic belongs 
to the region that has suffered the demonstrable conse-
quences of iodine deficiency since the Middle Ages (goiter 
in gothic statues and paintings). Up until the beginning 
of the twentieth century, certain regions were affected by 
the most serious results of iodine deficiency – endemic 

 cretinism, which is myxedematous in nature (Lapˇcíková 
et al., 2002).

The adverse effects of iodine deficiency – specifically the 
occurrence of goiter with all of its side-effects (mechanic 
syndrome of local compression and thyroid dysfunction) –  
were prevalent in the Czech Republic up to the first half 
of the twentieth century (occurrence of goiter in women 
in certain regions reached as high as 80%). Because of 
this, a wide-ranging survey was conducted concerning the 
iodization of table salt as a basic solution to the problem 
of iodine deficiency. Supplemental KI in the amount of 
25 mg/kg of table salt led to a rapid decline in the occur-
rence of goiter in children and young adults. At that time, 
no adverse effects caused by increased intake of iodine 
(dysfunction of the thyroid gland) were noted. This suc-
cess led to a loss of interest in researching prophylactic 
solutions, resulting in a decrease in the quality of iodine 
prophylaxis, which Dunn (1996) labeled as one of the 
“Seven Deadly Sins.” This also resulted in an increase in 
the occurrence of diseases caused by iodine deficiency, 
specifically an increase in the incidence and prevalence of 
goiter (Pohunková et al., 1989) in the Czech Republic.

Improved Program of Iodine 
Prophylaxis in the Czech Republic

It was therefore considered necessary once again to evaluate 
the current status of iodine supplementation in the Czech 
population and its effects on the thyroid gland (its func-
tion and size), and on the overall health of the population.  
Therefore, between 1991 and 2006 a re-evaluation was 
conducted in certain regions of the Czech Republic (see 
below). Based on the previous results, an interdiscipli-
nary committee was formed to resolve iodine deficiency 
issues, which incrementally implemented a complex plan 
to improve the problem of iodine deficiency in the Czech 
Republic. This plan included the following steps:

1. A change in the iodization of table salt: KIO3 was 
used for iodization, resulting in a concentration of 
27  7 mg pure iodine per kilogram of salt. The quality 
of the product was improved, along with improvements 
in packaging and storage. Moreover, it was possible to 
increase the use of iodized salt in food products from 
25% to 70–80%.

2. Determination of the optimal iodine intake for preg-
nant and breast-feeding women and for newly born and 
breast-fed infants: in accordance with the published  
literature, even in satisfactory conditions of iodine 
saturation in the general population, there is still a sig-
nificant risk of insufficient iodine intake in a specific 
subpopulation – in approximately 20% of pregnant 
and breast-feeding women in areas that have sufficient 
iodine saturation, according to data from the WHO–
ICCIDD. The Czech Endocrinology Society and the 
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Czech Pediatric Society therefore recommend wholesale 
supplementation of 100 g I/day, preferably in the form 
of KI tablets. In practice this supplementation is often 
met by the use of multivitamin tablets (which usually 
contain 150 g of iodine). The importance of iodine 
supplementation in breast-feeding women after giving 
birth to a baby should be emphasized.

3. Promotion of the enrichment of iodine content of cer-
tain drinks and foods, with the aid of health education: 
such products are marked with a special logo. Health 
education is also focused on increased consumption of 
saltwater fish and other sea products. Consumption of 
these products has traditionally been low in the Czech 
Republic. It has been possible to increase this consump-
tion, for example, in the form of meals provided to 
schoolchildren.

By undertaking this complex program, iodine intake 
was increased, as seen in Figures 86.1 and 86.2. Because 
of this program, in 2002 the Czech Republic was listed 
by the WHO/ICCD as an area that has dealt with iodine 
deficiency (Bílek et al., 2005; Delange, 2002; Delange  
et al., 2002; Vitti et al., 2002; WHO/NUT, 1994; WHO/
NHD, 2001; Zamrazil et al., 2004). This positive fact is, 
of course, necessary to consider in view of the effect of 
increased iodine intake on the thyroid gland, such as on its 
size (as determined by sonography), on its function and on 
thyroid autoimmunity. There is a considerable amount of 
published literature that supports the possible onset of thy-
roid dysfunction (hyperthyroidism and hypothyroidism) 
due to increased intake of iodine (Clark et al., 1990; 
Mizukami et al.,1993; Pedersen et al., 2006). Perhaps, 
more importantly, there are problems that have not been 
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evaluated exactly as yet – those that are caused by the 
effect of increased iodine intake on thyroid autoimmunity, 
such as increased antibody levels against thyroid antigens  
(thyroglobulin, thyroid peroxidase [TPO]). Experimental 
data clearly show an increased occurrence of thyroid 
autoimmunity among sensitive species of animals that were 
given an increased intake of iodine (Bjoro et al., 2001; 
McLachlan et al., 2005; Li and Boyages, 1994; Neu et al., 
1994). In clinical medicine, this effect has not yet been 
definitively determined. The majority of clinical data that 
have been obtained in cross-sectional studies show a positive 
association between the occurrence of thyroid antibodies  
and significant increases in iodine saturation.

System of Re-evaluation of Effects  
of the Improved Program

The effect of increased iodine intake on thyroid function 
and volume and the presence of antibodies against thy-
roid antigens can be examined with repeated evaluations 
at a 5-year interval after increasing iodine intake as per the 
above-detailed program.

The study was conducted by repeated examinations 
in three regions of the Czech Republic. The individu-
als examined were, during both examinations, randomly 
selected from the Czech health insurance register. The 
study was composed of individuals from both sexes, from 
6 to 65 years of age. In the first phase, 3587 individuals 
were examined (1871 children and 1716 adults).

The following examinations were conducted:

l Clinical examination, including palpation of the neck;
l Anthropometric examination, not analyzed in this 

chapter;
l Examination of ioduria (Bílek et al., 2005);
l Measurement of the following laboratory parameters: 

TSH, FT4, FT3, and antibodies against thyroglobu-
lin and TPO (Roche Diagnostics GmbH, 2007; 
Wanderpump et al., 1995);

l Examination of basic biochemical parameters, not ana-
lyzed in this chapter;

l Sonography of the thyroid land, to determine thyroid 
volume and change in echogenity (Brunn et al., 1981);

l Other specialized examinations, not analyzed in this 
chapter.

The focus here was on the evaluation of the basic char-
acteristics of ioduria and the characteristics of the thyroid 
(TSH, FT4, antibodies against thyroglobulin and TPO, 
and the volume of the thyroid gland).

The subjects were evaluated based on standard statisti-
cal methods, including ANOVA. The results of the initial 
examinations and those of the examinations conducted 
after the 5-year interval were compared (Statgraphic plus 
Reference manual (Vers 7, 1993, Bitstream, Cambridge, 
Meloun et al., 2000).

Influence of Thyroid Autoimmunity

Our findings are the result of a study that was carried out 
on a population sample selected randomly from the reg-
ister of a Czech Health Insurance Company (VZP) over 
a 5-year interval after the realization of the need for a 
sophisticated program of iodine prophylaxis in the Czech 
Republic. The examinations were conducted by the same 
individuals using identical methodologies in the field and 
with the same laboratory procedures wherever possible. 
When methodologies differed (in determination of TSH, 
FT4 and FT3), absolute values were not used in the study; 
only the occurrence of abnormal values was used. The 
same statistical techniques were used in the statistical anal-
ysis. It can therefore be supposed that the results represent 
reliable data found in the Czech population. Changes are, 
of course, not due only to changes in iodine intake, but 
could also be caused by various changes in lifestyle and 
nutrition, among others. Our method of selection effec-
tively eliminated the possible effect of age and gender.

Influence on ioduria

Changes in Ioduria As can be seen in Figures 86.1 

and 86.2, after the introduction of the improved pro-
gram of iodine deficiency prophylaxis that took place in 
1995–1996, there was a statistically significant increase in  
ioduria values, in both adults (Figure 86.1) and children 
(Figure 86.2).

After comparing the distribution of ioduria (Figure 86.3), 
it is clear that there is a shift away from low and border-
line values toward values above 300 g/l. This increase is 
considerably more noticeable in children than in adults; 
changes are, however, significant in both.

The same trend is noticeable in the evaluation of  
categories of ioduria based on the ICCIDD classifications 
(Figure 86.4). There is a decrease in occurrence of ioduria 
between 50 and 100 g/l, and there is a dramatic increase 
(from 2% to 15.3%) in levels of ioduria above 300 g/l.

It can be found from an analysis of the data that 
changes in iodine prophylaxis have undeniably led to 
an increase in ioduria in children and adults. This is an 
unquestionably positive finding. It is necessary to be aware 
that this increase is largely due to the increased supraphys-
iological iodine intake (ioduria over 300 g/l). This trend 
is more perceptible in children than in adults and could 
be a potential risk concerning the increased prevalence of 
autoimmune thyroid disease. The effect of the increase in 
iodine intake on the occurrence of thyroid autoimmunity 
is currently evaluated in different ways (Gopalakrishnan 
et al., 2006; Kahaly et al., 2002; Mostbeck et al., 1995; 
Nagata et al., 1998; Pedersen et al., 2003; Zimmerman  
et al., 2003; Zois et al., 2003). The changing trend of 
ioduria according to the ICCIDD criteria is very notice-
able. It is not possible to explain this from our sample; 
according to epidemiological studies of nutritional habits 
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(Als et al., 2003; Pearce et al., 2004), it can also be due 
to increased iodine content in milk (Dahl et al., 2003; 
Phillips, 1997) and, concerning children, due to increased 
usage of multivitamin supplements, which typically con-
tain 100–150 g iodine per tablet.

Influence on thyroid volume

Given that there is a large amount of published literature 
concerning the change in volume of the thyroid gland 

in children, this study focused on the change in thyroid 
volume in adults. The basic characteristics for women are 
shown in Table 86.1 and those for men in Table 86.2.

These data demonstrate that the volume of the thyroid 
gland is different in various regions and is dependent on the 
time period in which the examination is held. Changes over 
the 5-year period are shown for men in Figure 86.5 and for 
women in Figure 86.6. This shows that in men there was no 
significant change, while there was a significant decrease in 
volume in women, exhibiting a pathological increase in the 
volume of the thyroid gland in the first examination – there 
was a tendency toward a normal volume.

Monitoring thyroid gland volume is one of the most 
widely recognized parameters used in the evaluation of 
iodine deficiency. The majority of findings have shown that 
there is a rapid decline in volume of the thyroid gland in 
children after increasing iodine intake (Antonangeli et al., 
2002; Bader et al., 2005; Demirel et al., 2004; Lind et al., 
2002). In our study, we therefore focused on the changes 
in thyroid gland volume in adults. As can be seen in  

Tables 86.1 and 86.2, the volume differs noticeably between 
the regions over the time interval in both men and women. 
The change in the distribution of thyroid volume over the 
5-year period is shown in Figures 86.5 and 86.6. These 
 figures demonstrate that the occurrence of enlarged thyroid 
glands (over 22 ml) in men remained unchanged, while 
in women there was a statistically significant decrease in 
the occurrence of enlarged thyroid volume (above 18 ml) 
from 16.4% to 8.5%. We have not been able to draw an 
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Table 86.1 Regional differences in thyroid volume for women

Praha Vsetín Znojmo Ústí n/L
J. 
Hradec

Ústí 
n/O Klatovy Cgeb

Jablonec 
n/N Příbram

J. Hrad- 
eca

Žďár 
n/S

Jablo- 
nec n/Na Příbrama

Žďár 
n/Sa Total

N 147 194 143 127 162 241 152 226 228 154 175 185 147 174 196 2651
x 17.1 15.6 15.8 16.0 15.3 15.9 16.5 12.2 14.1 13.3 13.8 12.5 12.2 12.0 11.9 14.1
se 0.70 0.64 0.88 0.70 0.53 0.60 0.73 0.43 0.44 0.53 0.56 0.52 0.41 0.42 0.42 0.155

Notes: Data in milliliters; thyroid volume in selected regions of the Czech Republic (1991–2006); women (N  2651); data are given in 
arithmetic means and standard error (se) of means.
aRe-evaluation after 5 years.

Table 86.2 Regional differences in thyroid volume for men

Praha Vsetín Znojmo Ústí  n/L
J. 
Hradec

Ústí 
n/O Klatovy Cgeb

Jablonec 
n/N Příbram

J. Hrad- 
eca

Žďár 
n/S

Jablo- 
nec n/Na Příbrama

Žďár 
n/Sa

Total

N 114 153 120 98 122 143 98 119 132 108 103 99 105 86 92 1692
x 22.4 20.0 18.2 17.8 20.8 20.7 18.3 16.7 16.8 15.7 18.9 14.7 16.1 16.1 15.8 18.2
se 0.94 0.74 0.72 0.73 0.87 0.71 0.86 0.55 0.56 0.55 0.69 0.57 0.72 0.97 0.62 0.20

Notes: Thyroid volume in selected regions of the Czech Republic (1991–2006); men (N  1692); data in milliliters; data are given in 
arithmetic means and standard error (se) of means.
aRe-evaluation after 5 years.
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 explanation for this difference between genders on the 
basis of our results.

Influence on thyroid function

In view of the use of different groups in the study, only 
the distribution between normal and abnormal values has 
been evaluated.

After the 5-year observation interval, no changes were 
found in the distribution of TSH values (Figure 86.7); the 

values observed can be considered within a normal range 
(91.3–95.5%) in men and women.

In both men and women there was a statistically significant 
change in the proportion of normal values (men: from 90.5% 
to 95.8%; women: from 84% to 95%). This increase is clearly 
gained from the decrease in benevolence of  low FT4 values 
(Figure 86.8); the high values did not change significantly.

Figure 86.7 shows that there was no statistically signifi-
cant change in the distribution between the individual  
categories in either men or women.
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Figure 86.8 Changes in categories of FT4 values for men (N  624) and women (N  1084).

The occurrence of normal values in men increased from 
90.5% to 95.8%, and in women from 84.0% to 95.0%. 
Simultaneously, FT4 values decreased (Figure 86.8), and 
the occurrence of raised values remained unchanged.

From these data we can draw the conclusion that the 
increase of iodine intake in the monitored group led to 
improved FT4 distribution; lower values decreased and nor-
mal values increased to 95%; values tended to normal dis-
tribution of FT4 values. This, together with the unchanged 
distribution of TSH values, indicates that in the monitored 

group of randomly chosen individuals, no trend toward 
hypothyroidism was exhibited. These data do not show (con-
trary to certain data by, e.g., Azizi et al., 1998; Pedersen et al., 
2006) that the risk of hyperthyroidism is linked to increased 
iodine intake, but instead support a relatively insignifi-
cant favorable influence (Philipiou et al., 1995). Even after  
corrected ioduria, there is the possibility that differences in 
functional test values remain (Völzke et al., 2005). After inter-
rupting iodine supplementation, the functional condition of 
the thyroid quickly worsens (Zimmerman et al., 2003).
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Figure 86.9 Changes in the distribution of antithyroglobulin antibodies for men (N  494) and women (N  856).
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Figure 86.10 Changes in the distribution of anti-TPO antibodies for men (N  494) and women (N  856).

Influence on thyroid autoimmunity

There was no statistically significant change in the distri-
bution of antibodies against thyroglobulin in men 
(Figure 86.9); in women there was a rise in the occurrence  
of positive antibodies (above 700 IU/l) at the decrease of 
benevolence of normal values from 92.9% to 90.6%. This 
change is statistically significant.

There was a significant decline in the occurrence of nega-
tive antibodies (men: from 98.1% to 89.5%; women: from 
92.9% to 90.6%) and a considerable rise in the positive 
level (above 500 g/l). In men the rise was also significant 
in mildly raised levels (from 1.0 to 5.5 IU/l) (Figure 86.10).

These findings indicate that there was an increase in the 
occurrence of thyroid autoimmunity over the course of the 

5-year interval. This is in accordance with some epidemio-
logical studies (Mazziotti et al., 2004; Pearce et al., 2002). 
Considering that the number of examinations were few 
and the period of observation was short, it will be neces-
sary to confirm these findings with longer-term monitor-
ing of these subjects.

Summary and Conclusions

Our findings are the result of a study that was carried out 
on a population sample selected randomly from the register 
of a Czech Health Insurance Company (VZP) over a 5-year 
interval after the realization of the need for a sophisticated 
program of iodine prophylaxis in the Czech Republic. The 
examinations were conducted by the same individuals 
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using identical methods of epidemiologic survay and with 
the same laboratory procedures wherever possible. When 
methodologies differed (in determination of TSH, FT4 
and FT3), absolute values were not used in the study; only 
the occurrence of abnormal values was used. The same 
statistical techniques were used in the statistical analy-
sis. It can therefore be supposed that the results represent  
reliable data found in the Czech population. Changes are, 
of course, not due only to changes in iodine intake, but 
could also be caused by various changes in lifestyle and 
nutrition, among others. Our method of selection effec-
tively eliminated the possible effect of age and gender.

The results of our monitoring the effects of the change 
in iodine prophylaxis in a randomly chosen sample of indi-
viduals from three regions of the Czech Republic over a 
5-year period proved the effectiveness of increased iodine 
intake on ioduria, and according to the criteria defined by 
the WHO/ICCIDD, values are in the range of satisfactory 
iodine saturation. This is an absolutely positive finding. It 
is, however, not possible to label the distribution of ioduria 
values as absolutely positive. There was a small decline in 
lower values, while there was not much change in the prac-
tical occurrence of optimal values, and there was a strong 
rise in individuals with high values (above 500 g/l). The 
goal of our study was to judge whether the rise in ioduria 
and the change in the distribution with the move toward 
slightly high values influenced the condition of the thyroid 
gland. Our study did not prove clinically significant nega-
tive change in function – TSH values did not change signif-
icantly and FT4 values showed a significant trend toward 
normal values, at the expense of low values. The volume of 
the thyroid gland in the adult population decreased only 
in women (we decided not to concentrate on this issue in 
children in view of the already proven effect of increase 
iodine intake on the volume of the thyroid gland in this 
age group). The changes in the distribution of antibod-
ies against thyroid antigens were less favorable. There was 
an increase in the occurrence of positive antibody levels 
against thyroglobulin and TPO in women, and in men 
there was a statistically significant increase in the occur-
rence of positive levels only in the antibodies against TPO 
(this difference between the gender may have been caused 
potentially by the lower number of men examined). The 
finding of increased levels of antibodies is necessary to eval-
uate a possible marker of increased occurrence of thyroid 
autoimmunity. In the next future we will try to provide 
more complete values concerning the change in echogenity 
of the thyroid gland; localized or overall reduced echogen-
ity is an additional indicator of autoimmune afflictions.

The increased occurrence of thyroid autoimmunity after 
increasing iodine intake is still an unsatisfactorily resolved 
issue, even if there exists a large range of literature deal-
ing with this (Mazziotti et al., 2003; Pearce et al., 2002; 
Tsatsoulis et al., 1999). It is therefore clear that it will be 
necessary to follow the changes during prospective studies. 

This work is an attempt at this. The results must be evalu-
ated keeping in mind the small sample population and the 
short timeframe between examinations. It is also important 
to note that changes in ioduria are not necessarily the only 
cause of the increased occurrence of thyroid autoimmunity.

Monitoring iodine prophylaxis is also necessary because 
changes in lifestyle and nutritional habits can cause large 
short-term fluctuations in iodine intake (Caldwell et al., 
2005; Hollowell et al., 2002; Soldin et al., 2003). In situa-
tions where iodine saturation is not systematically monitored 
(Dunn, 1988, 1991; Gunton et al., 1999; Li et al., 2006), 
there is usually a decrease in iodine intake, which leads, in 
certain regions, to such extremes as increased occurrence of 
goiter and iodine deficiency in pregnant and breast-feeding 
women. The results of this study demonstrate that there has 
been a rise in iodine intake in the Czech Republic (Bílek et 
al., 2005; Zamrazil et al., 2004). Although beneficial effects 
of increased iodine intake in iodopenic areas has been proved 
of neurophysiologic iodine supply more sophisticated longi-
tudinal studies are necessary for the evaluation of some pos-
sible unfavorable consequences.

Summary Points

• Current status of iodine supplementation and its con-
sequences or thyroid status are described.

• Study was carried out in a population sample (N=3587) 
randomly selected from the register of Czech Health 
Insurance Company (VZP).

• Clinical examination, evaluation of ioduria, thyroid 
function (TSH, FT4, FT3), thyroid volume (ultrasono-
graphy) and thyroid autoimmunity were performed.

• Reevaluation of parameters mentioned abore was made 
during of ioduria prophylaxis program at 5 years inter-
vals in 3 regions.

• Results obtained confirmed the effectivity of impo-
roved program of iodine prophylaxis:
-  ioduria increases significantly with a shift of indi-

vidual values from low to normal and even supra-
physiologic levels

- thyroid volumes decrease in women
-  no clinicaly important changes of thyroid function 

were recorded
• Less favorable findings as follows:

-  a significant increase of occurence of high iodine 
intake (ioduria over 300g/L),

-  a significant increase of occurence of positive 
antithyroidal antibodies was recorded for TPO  
(thyroid peroxidase) in both gender and for Tgl 
(thyreoglobulin) in women only.

• Although effectivity and positive consequences of 
improved iodine supplementation in our study prevails, 
it seems be necessary to systematically monitore quality 
of the program and also its possible unfavorable efects 
in the future.
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Abstract

Salt iodization has been an important public health meas-
ure undertaken to tackle the massive problem of iodine 
deficiency disorders in India. Since the introduction of 
salt iodization, the prevalence of iodine deficiency dis-
orders has decreased significantly. The increase in urine 
iodine levels by about three–five-fold has been accompa-
nied by a decrease in the rate of goiter by as much as five-
fold. Simultaneously, plasma inorganic iodine levels have 
increased up to ten-fold in the latest study of iodine kinet-
ics in the normal individuals. This has been accompanied 
by a decrease in thyroid iodine clearance from plasma, 
and hence a decrease in radioiodine thyroid uptake, alter-
ing the normal values of this clinical test from the mean 
of 51% to 19% at 24 h. Although no data are available on 
the prevalence of hyperthyroidism in India, the response 
of Graves’ disease to treatment may have been altered with 
increasing iodine consumption. Higher urinary iodine 
concentrations are associated with a poorer response of 
Graves’ disease to antithyroid medication. There is a need 
to constantly monitor thyroid function at the community 
level as the iodine status of the population changes.

Abbreviations

ICMR Indian Council of Medical Research
ppm Parts per million
T3 Triiodothyronine
T4 Thyroxine
TSH Thyrotropin-stimulating hormone

Introduction

Although iodine deficiency disorder was initially thought 
to be a problem of the sub-Himalayan belt in India, for 

the last two decades it has been known to be widely preva-
lent in India. This was suggested by a survey carried out 
by the government of India, when they found that iodine 
deficiency disorder, as diagnosed by endemic goiter, was 
present in 85% of the districts surveyed in the country 
(Prakash, 1997). A salt iodization program was introduced 
in the country after a seminal study carried out between 
1956 and 1972 reported that the consumption of iodized 
salt reduced the goiter rate from 38 to 8.5% over a 12-year 
period (Sooch et al., 1973).

Subsequently, a universal salt iodization program was 
introduced in the country and the sale of noniodized salt 
for human consumption was banned in 1997. However, 
different regions and states of the country banned the use 
of noniodized salt much earlier than it was done at the 
national level; for example, in the Uttar Pradesh and Delhi 
regions of the country, the ban on the use of noniodized 
salt came into effect in 1984 and 1989, respectively (Sood 
et al., 1997; Kapil et al., 2001). Universal salt iodization 
mandated that edible salt should not have less than 15 
parts per million (ppm) of iodine at the consumption level 
and not less than 30 ppm at the production level. The gov-
ernment of India had lifted the ban on the sale of edible 
noniodized salt in 2000; however, this ban was reinstated 
in June 2005.

Since the iodization of salt, there has been an increase 
in the daily consumption of iodine among the population, 
leading to a decrease in the prevalence of iodine deficiency 
disorders. In a survey (Toteja et al., 2004) carried out on 
1 45 264 children aged 6–12 years in 15 districts in India 
in 1997–2000, the goiter rate was found to have decreased 
to 4.78% as compared to a previous report of 21% in  
1984–1986 (ICMR, 1989). Follow-up surveys carried out 
in the same region of the country over the period have 
shown a decrease in the prevalence of goiter over the years, 
as exemplified by data from the National Capital Territory 
of Delhi (Table 87.1).
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The decrease in goiter prevalence has been accompanied 
by an increase in the levels of urinary iodine in the popu-
lation in the same region (The National Capital Territory 
of Delhi). In the studies quoted above, the mean urinary 
iodine was 48 g/l in 1979 and 65 g/l in 1981. The 
median urinary iodine increased to 198 g/l in 1994, and 
has been reported to be 200 g/l in 2002 and 146 g/l in 
the last study, reported in 2006.

However, despite the decrease in the overall goiter rate 
in India, the prevalence of goiter, albeit at a lower rate, 
continues. This partial persistence of goiter in the coun-
try and its possible causes have been discussed elsewhere 
in this book. These may include incomplete correction of 
iodine deficiency, ingestion of goitrogens, or the presence 
of autoimmune thyroid disease.

This chapter discusses the effect of iodization on normal 
thyroid physiology and hyperthyroidism over the period of 
time during which salt iodization was introduced in India. 
The effect on autoimmune thyroiditis has been discussed 
elsewhere in this book.

Change in Thyroid Iodine Kinetics

Since 1967 only a small number of studies in India have 
documented the changes in iodine kinetics in normal 
subjects without any thyroid disorder. Temporally the 
changes can be related to the change in iodine intake in 

the population over this period of time (Table 87.2). Each 
study listed in this table has been done a decade apart in 
the same hospital using a similar methodology. Hence, a 
good comparison of the thyroid kinetic parameters can be 
made over a period of time. The methodology for studying 
iodine kinetics involves ingestion of iodine radiotracer and 
subsequent measurement of the radioactivity in plasma, 
thyroid and urine with an estimation of iodine concentra-
tion in the urine. From the above data, one can calculate 
the clearance of iodine from the plasma by the thyroid, the 
absolute amount of iodine being taken up by the thyroid 
gland and the plasma levels of inorganic iodine.

Over the years urinary iodine excretion has increased, 
signifying greater iodine consumption; this has led to an 
increase in the level of plasma iodine. Since there is suf-
ficient circulating plasma iodine, there has been a decrease 
in thyroid iodine clearance, indicating that a smaller per-
centage of the ingested iodine is taken up by the thyroid 
gland. This keeps the absolute iodine taken up by the thy-
roid gland fairly constant, as the same amount of iodine is 
required by the thyroid gland for thyroid hormone synthe-
sis. Previously the thyroid had to extract a greater amount 
of iodine from plasma to meet its requirements, but now 
since the plasma levels have increased, it acquires the same 
amount by clearing a lesser amount from the plasma. 
There was an exception to this in the last study that was 
done after universal salt iodization in the country, when 
urinary iodine levels were the highest and plasma iodine 
levels were fairly high; the absolute iodine taken up by the 
thyroid gland had increased. This may indicate that, at a 
very high concentration of plasma iodine, the adaptive 
mechanism regulating  thyroid uptake may become dis-
turbed, thus leading to a slight increase in absolute iodine 
uptake by the thyroid. However, as shown later this did 
not lead to any change in serum thyroid hormone levels.

In summary, as compared to the era of pre-iodization, 
in the post-iodization period there has been an increase 
in urinary iodine excretion (three–five-fold), plasma inor-
ganic iodine (ten-fold), and absolute iodine intake (five-
fold), while there has been a decrease in the percentage 
of thyroid uptake of iodine ingested (by 60%) and thy-
roid iodine clearance (three-fold). These changes are very  

Table 87.1 Change in the prevalence of goiter rate

Year of study Goiter rate (%)

1979 55.0
1980 37.1
1989 19.7
2002 6.2
2006 9.2

Note: Decrease in the prevalence of goiter rate in the National 
Capital Territory of Delhi after salt iodization. Source: Pandav  
et al., (1980); Sharma et al., (1988); Pandav et al., (1996);  
Kapil et al., (2004); Gopalakrishnan et al., (2006).

Table 87.2 Changes in iodine kinetic studies

Study (year) Urinary iodine excretion
Plasma inorganic 
iodine (g/dl)

Thyroid iodine  
clearance (ml/min)

Absolute iodine  
clearance (g/h)

Kochupillai et al., (1977) 
 (study done in 1967)

76.4 (10.2) g/g creatinine 0.137 (0.018) 22.2 (3.4) 1.6 (0.0)

Godbole (1980) 64.4 (3.9) g/g creatinine 0.14 (0.01) 25.9 (1.8) 2.06 (0.12)
Kumar (1990) 132.2 (29.6) g/g creatinine 0.18 (0.04) – 2.01 (0.38)
Moorthy et al., (2001) 177.6 (17.4) g/day 1.68 (0.27) 8.1 (2.2) 8.5 (2.2)

Notes: Changes in the parameters of iodine kinetics in the National Capital Territory of Delhi with time after salt iodization showed a decrease 
in thyroid iodine clearance with an increase in urinary and plasma iodine levels. Values are expressed as geometric mean (standard error).
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similar to those reported from the United States after there 
was an increase in iodine ingestion, leading to an increase 
in urinary iodine concentration (Pittman et al., 1969).

Change in Radioactive Iodine Uptake 
by the Thyroid

As expected with iodine repletion, and decrease in thy-
roid iodine clearance, the 24 h radioactive iodine uptake 
decreased from a previously high level of 51% to 19.1% in 
1999, as the mean urinary iodine increased from 90.8 g/g 
creatinine to a median urinary iodine of 341.3 g/24 h 
(Table 87.3). In the study conducted by us (Moorthy  
et al., 2001), the mean 2 h radioactive iodine uptake was 
4.9  2.3% and mean 24 h radioactive iodine uptake was 
19.1  8.0%. Using the cut-off of the 3rd and 97th per-
centile as normal, this would give a normal range for 2 h 
uptake of 2–8.6% and for 24 h uptake of 6.4–35%, in the 
presence of the current higher ingestion of iodine in the 
country.

Change in Serum Thyroid Hormone 
Levels

The levels of serum thyroxine (T4), serum triiodothyro-
nine (T3) and thyrotropin-stimulating hormone (TSH) 
have not changed in normal subjects with the increase in 
iodine ingestion over the years in the studies compared 
above. There is, however, some evidence of a decrease in 
serum T3 and a very slight increase in serum T4 levels 
(Table 87.4). This may be expected as, with iodine reple-
tion, the thyroid no longer has any need to conserve iodine 
by synthesizing more T3 instead of T4.

Effect on Graves’ Disease

No national-level data exists in India on the prevalence of 
Graves’ disease before or after the salt iodization program. 

However, our study, carried out in Delhi after salt iodiza-
tion, seems to suggest that iodine intake may lead to an 
alteration in the response of Graves’ disease to treatment 
with antithyroid medication. In 1988, 50% of the patients 
with Graves’ disease in Delhi became euthyroid after 3 
weeks of carbimazole treatment (Jones et al., 1988). This 
study was carried out one year before the ban on the sale of 
edible noniodized salt in Delhi was introduced. In 1999, 10 
years after there was universal salt iodization in Delhi, only 
15% of patients with Graves’ disease studied in the same 
hospital were euthyroid after 3 weeks of treatment with the 
same dose of carbimazole (Ahluwalia et al., 2001). When 
treated with 30 mg/day of carbimazole, 15.4% had normal-
ized serum T3 levels and 26.9% had normalized serum T4 
levels after 3 weeks of treatment. After 6 weeks of treatment, 
38.5 and 53.8% of the patients with Graves’ disease had 
normalized serum T3 and T4 levels, respectively. This seems 
to suggest that the response of Graves’ disease to carbimazole 
has become poorer with the increase in iodine consumption.

In the study by Ahluwalia et al. (2001), performed in 
the post-iodization era, 26 patients with Graves’ disease had 
higher median 24 h urinary iodine excretion (504 g) as com-
pared to the healthy controls, in whom the median 24 h uri-
nary iodine excretion was 296  g (p  0.023). The median 
plasma inorganic iodine was no different in the patients with 
Graves’ disease and the controls (1.15 g/dl versus 1.25 g/dl). 
Thyroid iodine clearance and absolute iodine uptake by the 
thyroid gland were higher in the patients with Graves’ disease, 
and so was the pretreatment thyroid inorganic pool of iodine. 
These observations are summarized in Table 87.5.

Although all the patients with Graves’ disease had high 
urinary iodine excretion, those who had normalized serum  
T3 and T4 levels at 6 weeks had lower levels of urinary 
iodine than the patients who did not normalize their 
thyroid hormone levels. When stratified by urine iodine 
excretion, those patients who had urinary iodine excre-
tion of less than 200 g in 24 h had a greater reduction in 
serum T3 and serum T4 levels (Table 87.6). The association 

Table 87.3 Radioactive iodine uptake and urinary iodine 
excretion

Study (year)
Urinary iodine 
excretion

24 h Radioactive 
iodine uptake (%)

Ahuja et al., (1974) 90.8 (7.4) g/g 
 creatinine

51.1 (2.5)

Godbole (1980) 64.4 (3.9) g/g 
 creatinine

21.2 (2.0)

Kumar (1990) 132.2 (29.6) g/g 
 creatinine

24.9 (2.1)

Moorthy et al., (2001) 177.6 (17.4) g/day 19.1 (8.0)

Notes: Decrease in the 24 h radioactive iodine uptake in National 
Capital Territory of Delhi with time after salt iodization. Values are 
expressed as geometric mean (standard error).

Table 87.4 Thyroid function tests

Study (year)

Serum 
triiodothyronine 
(g/dl)

Serum thyroxine 
(g/dl)

Serum TSH 
(uIU/ml)

Kochupillai  
 et al., (1977) 
 (study done in 
 1967)

157 (5.7) 7.0 (6.5) –

Godbole (1980) 109 (7.0) 6.8 (0.6) 2.3 (0.6)
Kumar (1990) 114.2 (10.3) 7.2 (1.2) 2.8 (0.8)
Moorthy et al., 
 (2001)

122.1 (24.5) 7.8 (1.8) 2.1 (1.1)

Notes: No change in serum level of thyroid hormones and thyroid 
stimulating hormone (TSH) in National Capital Territory of Delhi 
with time after salt iodization. Values are expressed as geometric 
mean (standard error).
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of response to treatment with antithyroid medication and 
plasma iodine level was weak, and was seen only with a 
decrease in serum T3 level at 3 weeks after initiation of the 
treatment (Table 87.7).

A similar observation of a decrease in the remission rate 
in Graves’ disease, as iodine ingestion has increased over the 
years, has been reported in the United States (Wartofsky, 
1973). A delayed response to treatment with antithyroid 
medication has also been observed in Europe (Benker  
et al., 1995).

Iodine-Induced Thyrotoxicosis

Iodine-induced thyrotoxicosis has been reported from else-
where in the world, especially when a moderate-to-large 
increase in iodine ingestion occurred in a short time span. 
However, no population-based data are available regarding 
the prevalence of thyrotoxicosis in India.

Thyroid Cancer

There have been no causal studies from India correlating 
iodine intake and thyroid cancer. In a retrospective analysis 

of 80 children less than 20 years of age with differentiated 
thyroid carcinoma, presenting at a tertiary care institute 
in north India between 1967 and 2000, Bal et al. (2001) 
concluded that the course and outcome of differentiated 
thyroid carcinoma in these children was no different from 
that in children in other iodine-sufficient areas, except 
that a higher rate of distant metastasis at presentation and 
higher mortality were seen in children less than 10 years 
of age. No comparison was made among the patients who 
were treated during the iodine-deficient era versus those 
treated in the post-iodization era.

Summary Points

l There has been a substantial increase in iodine con-
sumption by the population after the salt iodization 
program in India.

l Salt iodization has led to a decrease in the rate of goiter 
in the population.

l After iodization, there has been an increase in urinary 
iodine concentration, an increase in plasma inorganic 
iodine level and a decrease in thyroid iodine clearance 
and radioiodine uptake by the thyroid gland in normal 
subjects.

l After iodization, no significant change in the levels of 
thyroid hormone has been observed in normal subjects.

l The response of Graves’ disease to treatment with 
antithyroid medication is delayed after iodization. The 
response may be poorer in patients with higher urine 
iodine levels.

l No systematic data are available on the change in occur-
rence of Graves’ disease, iodine-induced thyrotoxicosis 
and thyroid cancer with the introduction of iodization 
in India.

Table 87.5 Iodine kinetics in Graves’ disease in 
the post-iodization era

Higher urinary iodine
No change in plasma inorganic iodine
Increased thyroid iodine clearance
Increased absolute iodine uptake by the thyroid
Increased thyroid organic pool of iodine

Notes: The following features of iodine kinetic 
study have been observed in patients with 
Graves’ disease as compared to normal healthy 
controls in the post-iodization era.

Table 87.6 Response of Graves’ disease to antithyroid medi-
cation in relationship to urinary iodine

Percent 
decrease in

24 h urine iodine 
200 g

24 h urine iodine 
.200 g

Serum T3 at 3 
weeks*

58.4 (14.5) 29.8 (17.1)

Serum T3 at 6 
weeks*

71.7 (9.0) 48.1 (15.9)

Serum T4 at 3 
weeks**

60.3 (14.1) 17.1 (35.6)

Serum T4 at 6 
weeksd

63.5 (24.8) 41.0 (17.4)

Notes: The percentage decrease in the serum thyroid hormone 
levels in Graves’ patient treated with carbimazole is less in 
patients with higher urine iodine excretion. Values are expressed 
in mean (standard deviation). T3: triiodothyronine, T4: thyroxine.
*P: 0.005.
**P: 0.007.
dP: 0.074.

Table 87.7 Response of Graves’ disease to antithyroid medica-
tion in relationship to plasma inorganic iodine

Percent 
decrease in

Plasma inorganic  
iodine 1 g/dl

Plasma inorganic  
iodine .1 g/dl

Serum T3 at 3 
 weeks*

43.4 (10.0) 27.6 (17.1)

Serum T3 at 6 
 weeksa

56.3 (15.7) 49.5 (18.9)

Serum T4 at 3 
 weeksa

22.3 (41.2) 28.0 (30.3)

Serum T4 at 6 
 weeksa

48.9 (20.3) 42.3 (20.9)

Notes: The percentage decrease in the serum thyroid hormone 
levels in Graves’ patient treated with carbimazole with respect 
to plasma inorganic iodine levels does not show a strong 
relationship. Values are expressed in mean (standard deviation). 
T3: triiodothyronine, T4: thyroxine.
aNonsignificant.
*P: 0.023.
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Section 5
Damage and Disease due to Iodine 
Toxicity



Abstract

Adequate iodine intake is indispensable to the production 
of thyroid hormone (TH), which is essential for growth, 
development and cell differentiation. Iodine excess, as well 
as iodine deficiency, has adverse effects on health. One of 
the aims of the present review is to summarize the previous 
evidence and present the major advances in our knowledge 
of developmental toxic effects induced by excess iodine in 
animals and humans. Fetal and maternal thyroid systems 
interact mainly by means of the placenta. When a mother 
is exposed to excess iodine, alterations in maternal–fetal 
TH metabolism occur. Another aim of this review is to dis-
cuss the pathway of maternal–fetal TH metabolism influ-
enced by excess iodine. Finally, the present review provides 
new insights into the molecular mechanism of TH action 
in skeletal development and highlights the potential regu-
lation of the developmental genes, Hox genes (especially 
Hoxc8), by TH in skeletal development.

Abbreviations

BMPs Bone morphogenetic proteins
D1 Type 1 iodothyronine deiodinase
D2 Type 2 iodothyronine deiodinase
D3 Type 3 iodothyronine deiodinase
DNA Deoxyribonucleic acid
GD Gestation day
Hox genes Homeobox-containing genes
LT4 Levothyroxine
mRNA Messenger ribonucleic acid
PCR Polymerase chain reaction
RA Retinoic acid
RAR Retinoic acid receptor
RAREs Retinoic acid response elements
rT3 Reverse triiodothyronine
T2 3,3-l-diiodothyronine
T3 Triiodothyronine

T4 Thyroxine
Tg Thyroglobulin
TGF- Transforming growth factor 
TH Thyroid hormone
TRs Thyroid hormone receptors
TREs Thyroid hormone response elements
TSH Thyrotropin

Introduction

Thyroid hormone (TH) is essential for growth, develop-
ment and cell differentiation. Adequate iodine intake is 
needed to meet the requirements for TH production dur-
ing pregnancy. The changes in maternal iodine metabo-
lism, such as the significant increase in renal clearance of 
iodide and the passage of a part of the available iodine 
from the maternal circulation to the fetal placental unit, 
occur during pregnancy (Glinoer, 1997a). The amount 
of iodine required daily for TH synthesis increases from 
150 g/day for most of adults to 200 g/day for pregnant 
women. Iodine deficiency during pregnancy may result 
in in utero hypothyroidism and increase the rates of mis-
carriage and stillbirths, as well as congenital abnormali-
ties such as cretinism, a grave irreversible form of mental 
retardation (Glinoer, 1997b; Utiger, 1999). Therefore, 
iodine supplementation during pregnancy has been rec-
ommended in iodine-deficient areas. However in recent 
years, the potential impact of excessive iodine on health 
has been recognized. Exposure to excess iodine occurs via 
food (Konno et al., 1994), drinking water (Zhao et al., 
1998), medication (Martino et al., 2001) and iodized salt 
or iodinated oil (Wolff, 2001). Excess iodine causes either 
hypothyroidism (Markou et al., 2001) or hyperthyroidism 
(Roti and Uberti, 2001), which may induce developmen-
tal toxic effects, such as adverse pregnancy outcome and 
embryo toxicity. The present paper reviews developmental 
toxic effects induced by excess maternal iodine exposure 
and discusses the possible mechanisms.
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Developmental Toxic Effects of Excess 
Maternal Iodine Exposure

Although several sporadic reports on the developmental 
toxic effects of excess iodine have been found in the lit-
erature, systematic study is rare. Developmental toxic 
effects of excess iodine in animals were mainly indicated 
by embryo-lethal effects and skeletal variations. Embryo-
lethal effects were reported in animals exposed to high 
doses of iodine, which reached 500–1000 times the 
required minimal dietary level. Skeletal variations were 
found in mice exposed to 10 times the adequate iodine 
intake. No apparent developmental toxic effects has been 
reported in humans exposed to excess iodine. However, 
excess iodine ingestion during pregnancy causes maternal 
thyroid dysfunction, which may result in an adverse preg-
nancy outcome. The potential developmental toxic effects 
of excess iodine in humans also need consideration.

Developmental toxic effects of excess  
iodine in animals

Animals appear to have a wide margin of safety for excess 
iodine consumption. The results of developmental toxic 
effects vary greatly depending on the species of the animal, 
iodine dosage and the time and duration of treatment. 
Early studies (Ammerman et al., 1964; Arrington et al., 
1965) conducted in 1960s on reproduction and develop-
mental toxicity of excess iodine in rabbits, rats, hamsters 
and swine, demonstrated that rabbits experience seri-
ous mortality in offspring when a 250–1000 mg/kg diet 
of iodine is fed to the dam in late gestation. Hamsters  
were not affected by 2500 mg/kg iodine except for slightly 
reduced feed intake of the dam and decreased weaning 
weight of the young. Delayed parturition and increased 
mortality of neonatal rats was observed in rats fed with 
2500 mg/kg iodine. There were no effects observed for 
swine fed with 2500 mg/kg iodine. In another study  
by Arrington et al. (1967), pullets and hens were fed 
with 0–5000 mg/kg iodine for 6 weeks. Egg production 
decreased with increasing levels of iodine, and ceased with 
intakes of 5000 mg/kg. Fertility of eggs was not affected, 
but high embryonic death, low hatchability and delayed 
hatching were observed. In these studies, the total iodine 
intake reached almost 500–1000 times the required  
minimal dietary level.

Mice seem to be more susceptible to the toxicity of 
excess iodine. Gao et al. (1998) reported that a decrease in  
average body length and abnormal fusion of the supra-
occipital were observed in fetuses from maternal mice 
exposed to 3.0 mg/l iodine for 3 months. Li et al. (2001) 
also reported that maternal exposure to 3.0 mg/l iodine 
had an adverse effect on pregnancy and embryonic devel-
opment in mice, resulting in an increased incidence of 
abnormal fetuses and skeletal malformation. However, 

these studies conducted in mice had only one dosage 
group, 3.0 mg/l, which corresponded to 10 times the ade-
quate iodine intake for mice. No dose–response relation-
ship between excess iodine exposure and developmental 
toxic effects was observed. Therefore, the developmental 
toxicity induced by excess iodine had not been confirmed 
in these studies.

Our recent work (Yang et al., 2006) observed   
developmental toxic effects in mice which were exposed 
to 1.5, 3.0, 6.0, 12.0 and 24.0 mg/l iodine in drink-
ing water for 4 months before and during gestation. The 
results showed that average daily food consumption of 
the maternal mice was markedly reduced in the 12.0 
and 24.0 mg/l groups, and average placental weight was 
reduced when the iodine dose reached 3.0 mg/l (Table 

88.1). Embryotoxicity and teratogenicity were mainly indi-
cated by the reduced body weight in female fetuses, the 
decreased number of live fetuses, and the increased inci-
dence of resorptions. A dose-dependent increase in the 
incidence of skeletal variations was observed which was sta-
tistically significant when the iodine dose reached 3.0 mg/l  
(Table 88.2). Skeletal alterations included supernumerary 
ribs, agenesis of sternebrae, poor ossification of metacarpals 
and metatarsals, abnormal fusion of the supraoccipital and 
malaligned vertebral centra (Figure 88.1). The formation of 
ectopic or supernumerary ribs was commonly observed. 
The findings suggested that excess iodine might have an 
adverse impact on pregnancy and fetal outcome, which 
needs considerable attention. Animal studies on the devel-
opmental toxic effects of excess iodine are summarized in 
Table 88.3.

Potential developmental toxic effects  
of excess iodine in humans

The adverse effect of maternal iodine intake on the neonate 
was first reported by Parmalee et al. (1940) as goiter in 
three infants of mothers who had taken medicine contain-
ing iodine throughout pregnancy (Carswell et al., 1970). 
Most cases reporting excess iodine exposure in humans 
during pregnancy were related to maternal ingestion of 
large quantities of iodine-rich food, such as kombu, or use 
of drugs containing iodine, such as amiodarone, expecto-
rants, disinfectants, etc. In some areas of China, iodine-
rich drinking water may be another source of excess iodine 
intake. The fetus and the newborn can be exposed to high 
maternal iodine concentrations either prenatally, by trans-
placental transfer, or postnatally through breast milk. Fetal/
neonatal thyroid dysfunction, such as hyperthyroidism or 
hypothyroidism with or without goiter, was reported when 
the mother was exposed to excess iodine. Hypothyroidism 
is more common than hyperthyroidism. However, some 
researchers believed that fetal/neonatal hypothyroidism 
induced by excess iodine might be transient (Weber et al., 
1998). In Japan, seaweeds such as kombu, which contains 
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Table 88.1 Pregnancy outcome following chronic high doses of iodine exposure

Dose groups (g/l) 0 1500 3000 6000 12,000 24,000

Dams
 No. of dams  
  pregnant (%)

10 (100) 9 (90) 9 (90) 8 (80) 9 (90) 9 (90)

 No. of examined litters 7 8 8 7 7 8
 Implants/litter 5.6  2.4 6.6  1.3 7.3  2.1 5.7  1.3 7.6  1.3 7.6  1.5
 Average daily food 
  consumption (g)

4.8  0.4 4.6  0.3 4.7  0.3 4.5  0.5 4.3  0.4a 4.3  0.3a

 Average daily water 
  consumption (ml)

4.9  0.8 4.80.9 4.8  1.2 4.5  1.3 4.2  0.7 4.2  1.2

 Body weight gain (g) 11.386  3.339 10.762  2.058 11.363  3.531 10.840  1.705 11.243  2.651 11.138  3.673
 Mean placenta  
  weight (g)

 0.126  0.019  0.113  0.014  0.106  0.009a  0.104  0.011a  0.109  0.019a  0.102  0.012a

Fetuses
 Live fetuses/ 
  implants (%)b

92.3  7.2 72.5  9.4a 69.8  14.6a 67.9  17.5a 64.4  10.0a 63.2  17.4a

 Resorbed fetuses/ 
  implants (%)b

 7.7  7.2 27.5  9.4a 26.2  10.8a 28.1  13.5a 28.6  13.1a 27.0  15.3a

 Dead fetuses/ 
  implants (%)b

0  0 1.6  4.4 4.1  5.7 4.1  7.0 7.0  9.0 9.9  15.1

Fetal body weight (g)
 Males 1.21  0.12 1.13  0.29 1.14  0.11 1.21  0.12 1.21  0.06 1.18  0.11
 Females 1.20  0.13 1.09  0.16 1.11  0.11 1.05  0.09a 1.05  0.11a 1.05  0.18a

 Ratio of males/total 0.48 0.47 0.50 0.46 0.44 0.46

Note: Data represents mean  S.D. After being exposed to different doses of iodine at the levels of 0, 1500, 3000, 6000, 12 000  
and 24 000 g/l in drinking water for 4 months, female mice were mated. The day on which a vaginal plug was observed was  
designated day 0 of gestation. Treatment with high doses of iodine continued throughout the period of gestation. The animals  
were examined daily throughout the experimental period for signs of toxicity. Maternal body weights, as well as food and water 
consumption, were recorded. The pregnant mice were sacrificed on day 19 of gestation and the gravid uterus of the pregnant  
mice was removed and weighed immediately; the numbers and positions of the live or dead fetuses, as well as resorptions, were 
recorded. Live fetuses were weighed individually and gender-determined. Reprinted from Yang et al., (2006), copyright (2006), with 
permission from Elsevier.
ap  0.05 compared with the control group by ANOVA and Duncan’s test.
bData were analyzed after arcsine transformation.

Table 88.2 Skeletal variations induced by chronic high doses of iodine exposure

Dose groups (g/l) 0 1500 3000 6000 12,000 24,000

No. of examined litters 7 8 8 7 7 8
No. of fetuses examined 22 23 19 18 22 28
No. of skeletal malformations (%)b 2 (9.1) 6 (26.1) 8 (42.1)a 8 (44.4)a 11 (50.0)a 15 (53.6)a

Supernumerary ribs 2 5 6 6 8 11
Agenesis of sternebrae 0 1 0 1 2 0
Poor ossification of metacarpals and 
 metatarsals

0 0 0 0 0 1

Abnormal fusion of the 
supraoccipital

0 0 0 1 1 2

Malaligned vertebral centra 0 0 2 0 0 1

Note: After being exposed to different doses of iodine at the levels of 0, 1500, 3000, 6000, 12 000, and 24 000 g/l in drinking  
water for 4 months, female mice were mated. The day on which a vaginal plug was observed was designated day 0 of gestation.  
Treatment with high doses of iodine continued throughout the period of gestation. The pregnant mice were sacrificed on  
day 19 of gestation. One-half or two-thirds of the fetuses were preserved in 95% ethanol and stained by Alizarin red for skeletal 
examination. A dose-dependent increase (r  0.80, p  0.05) in the incidence of skeletal variations was observed, which was 
statistically significant when the iodine dose reached 3000 g/l. Reprinted from Yang et al., (2006), copyright (2006), with  
permission from Elsevier.
ap  0.05 compared with the control group by X 2-test.
bNo multiple defects were found in the same fetus.
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(a)

(c)

(b)

(d)

(e) (f)

Figure 88.1 Alizarin red-stained skeleton of gestational day 19 fetuses. After being exposed to different doses of iodine at levels 
of 0, 1.5, 3.0, 6.0, 12.0 and 24.0 mg/l in drinking water for 4 months, female mice were mated. The day on which a vaginal plug was 
observed was designated day 0 of gestation. Treatment with high doses of iodine continued throughout the period of gestation. The 
pregnant mice were sacrificed on day 19 of gestation. One-half or two-thirds of the fetuses were preserved in 95% ethanol and stained 
with Alizarin red for skeletal examination. Skeletal variations were observed in fetuses maternally exposed to excess iodine and are indi-
cated by black arrows: (a) extra ribs; (b) agenesis of sternebrae; (c) distortion of vertebrae (lateral view); (d) distortion of vertebrae (prone 
posture); (e) poor ossification of metacarpals and metatarsals; and (f) abnormal fusion of the supraoccipital. Reproduced with permission 
from Yang et al. (unpublished data). 
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Table 88.3 Summary of animal studies on developmental toxic effects of excess iodine

Species Iodine dosage Development effects References

Rabbits 0, 250, 500, 1000 mg/kg diet Mortality of newborn increased; weaning weights  
of surviving rabbits reduced

Arrington et al., (1965)

Hamsters 0, 2500 mg/kg diet Food intake of the dams reduced 10%; weaning 
weight of the young decreased

Arrington et al., (1965)

Rats 0, 2500 mg/kg diet Newborn survival and weaning weights were 
reduced; gestation time was normal but parturition 
time was extended

Arrington et al., (1965)

0, 500, 1000, 1500, 2000,  
2500 mg/kg diet

Mortality of newborn increased; milk secretion of 
the dams was absent or markedly diminished

Ammerman et al., 
(1964)

Swine 0, 1500, 2500 mg/kg diet No obvious effects observed Arrington et al., (1965)

Pullets and hens 0, 625, 1250, 1875, 2500,  
5000 mg/kg diet

Egg production decreased and ceased with intakes 
of 5000 mg/kg; the decreases were greater for hens 
than for pullets; fertility of eggs was not affected but 
high embryonic death, low hatchability and delayed 
hatching were observed

Arrington et al., (1967)

Mice 0, 3.0 mg/l drinking water Average fetal body length decreased; fusion of the 
supraoccipital was delayed

Gao et al., (1998)

0, 3.0 mg/l drinking water The incidence of abnormal fetus and skeletal 
malformation increased

Li et al., (2001)

0, 1.5, 3.0, 6.0, 12.0, 24.0 mg/l 
drinking water

Average daily food intake of dams reduced in 
12.0 mg/l and 24.0 mg/l groups and average 
placental weight was reduced when iodine dose 
reached 3.0 mg/l; body weight of female fetuses 
and number of live fetuses reduced; the incidence 
of resorptions, and especially skeletal variations, 
increased

Yang et al., (2006)

Note: Animals appear to have a wide margin of safety for excess iodine consumption. The results of developmental toxic effects vary 
greatly depending on the species of the animal, iodine dosage, and the time and duration of treatment. Early studies conducted in 
1960s on reproduction and developmental toxicity of excess iodine in rabbits, rats, hamsters and swine found that mortality in offspring 
increased and weaning weight of the young decreased when exposed to excess iodine, which is 500 to 1000 times the required minimal 
dietary level. The mice seem to be more susceptible to the toxicity of excess iodine. Embryotoxicity and teratogenicity, especially skeletal 
abnormalities, were observed in mice exposed to excess iodine 10 times that of the adequate iodine intake. The findings suggest that 
excess iodine may have an adverse impact on pregnancy and fetal outcome, which needs considerable attention.

a high level of iodine (1.3 mg/g), is a very common food. 
Nishiyama et al. (2004) reported that transient congenital 
hypothyroidism or persistent hyperthyrotropinemia was 
observed in neonates born to mothers with excess iodine 
ingestion (approximately 2300–3200 g/day) during their 
pregnancy. Some of the infants required levothyroxine 
(LT4) because hypothyroxinemia or persistent hyperthy-
rotropinemia was present. Amiodarone, an iodine-rich 
drug (containing 37% iodine), has been used in pregnancy 
for either maternal or fetal tachyarrhythmias (Foster and 
Love, 1988). Magee et al. (1995) reported several cases of 
gestational exposure to amiodarone in Canada. Adverse 
pregnancy outcomes, such as perinatal hypothyroidism or 
hyperthyroidism and possibly neurologic abnormalities, 
intrauterine growth retardation, or fetal bradycardia were 
observed among infants exposed in utero to amiodarone. 
In addition to thyroid dysfunction, concern was raised 
about neurodevelopmental toxicity related to fetal expo-
sure to amiodarone. Further studies (Magee et al., 1999) 
on neurodevelopmental assessment found that amiodarone 

exposure during pregnancy resulted in subtle neurotoxicity 
in children, such as relatively poorer expressive language 
skills and problems with reading comprehension, written 
language and arithmetic. However, these features were also 
reported in some amiodarone-exposed euthyroid infants, 
suggesting that there might be a direct neurotoxic effect of 
amiodarone during fetal life, not the effect of excess iodine 
(Bartalena et al., 2001). Except for thyroid dysfunction in 
fetuses or neonates, no apparent or significant developmental 
toxic effect has been reported in humans when exposed to 
excess iodine.

Iodine excess may cause thyroid dysfunction, such as 
hypothyroidism or hyperthyroidism, in humans. Although 
no direct developmental toxic effect of excess iodine was 
reported in humans, the body of evidence that mater-
nal thyroid dysfunction may result in adverse pregnancy  
outcome is increasing. An in vitro study (Harakawa et al., 
1989) investigated the effects of excess or deficiency of  
TH on early embryogenesis in rat embryo culture.  
The results showed that malformations, including open 
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neuropore and microencephaly, were observed in embryos 
cultured in hyperthyroid or hypothyroid rat serum, and 
the incidences of these malformations were significantly 
higher than those of the control embryos cultured with 
normal rat serum. These findings suggest that maternal 
thyroid dysfunction might lead to fetal malformations 
during the early gestational period. Recently, a retrospec-
tive study (Wolfberg and Nagey, 2002) carried out by the 
researchers of Johns Hopkins Medical Institute had found 
that maternal hypothyroidism and hyperthyroidism have 
deleterious effects on the outcome of pregnancy, including 
problems in the cardiac, renal and central nervous systems, 
and birth defects such as sunken chest, extra fingers, cleft 
lip and palate, and ear deformities. The researchers sup-
posed that the contradiction of this study with some earlier 
studies indicated that the use of less sophisticated technol-
ogy in early studies did not allow the detection of birth 
defects caused by thyroid diseases. Another research study 
from the University of Chicago has showed that excess of 
TH during pregnancy has a direct toxic effect on the fetus 
(Anselmo et al., 2004). This study was conducted in moth-
ers with resistance to TH, who are euthyroid despite high 
serum concentrations of TH levels, and found that there 
was a higher rate of miscarriage in affected mothers and 
a reduced average birth weight in infants born to affected 
mothers. These findings represented the first evidence in 
humans that TH excess could, by itself, impair the embry-
ogenesis of growing fetuses through transplacental passage.

Supplementation of iodine during pregnancy is recom-
mended to eliminate iodine-deficiency diseases, especially 
cretinism in iodine deficiency areas. However, for pregnant 
women who lived in iodine-excess areas or were exposed 
to iodine-containing medication during pregnancy, the 
total iodine intake and their TH status should be closely 
monitored.

Alterations of Maternal–Fetal Thyroid 
Hormone Metabolism Induced by 
Iodine Excess

Fetal TH must come from the maternal circulation before 
the fetal thyroid gland and pituitary–thyroid axis become 
functional (gestation day (GD) 17–18 in rats and 90 in 
humans). Maternal transfer of thyroxine (T4) constitutes 
a major fraction of fetal TH; even after the onset of fetal 
thyroid secretion, they may contribute to the maintenance 
of fetal development (Burrow et al., 1994). Therefore, 
changes in maternal TH levels have an affirmative effect 
on fetal TH metabolism. Depending on the dose of 
iodine, the susceptibility of individuals, and previous con-
ditions of the gland, iodine excess can induce maternal 
hypothyroidism or hyperthyroidism. In a case reported 
by Serreaul et al. (2004), an obvious thyroid goiter 
was found in the fetus after excessive maternal iodine  

exposure, but the maternal thyroid function and TH level 
were normal. So, besides the influence on maternal TH, 
excessive iodine may have a direct inhibition on the devel-
opment and function of fetal thyroid. According to the 
Wolff–Chaikoff effect (Aliefendioglu et al., 2006), organic 
binding of iodine within the thyroid gland can be almost 
completely blocked by excessive inorganic iodine, and hence 
can cause damage. When the mother is exposed to excess 
iodine, iodine is transferred via the placenta, resulting in the  
fetal exposure to iodine overload. Since the fetus acquires 
the capacity to escape from the acute Wolff–Chaikoff effect 
only in the late gestation period, the iodine overload may 
cause fetal/neonatal hypothyroidism and goiter. A study 
(Nohr and Laurberg, 2000) carried out in Denmark, where  
mild-to-moderate iodine deficiency is prevalent, found 
that supplementation of moderate iodine (150 g/day) to 
healthy pregnant women with no previous history of thy-
roid disease caused opposite variations in maternal and 
neonatal thyroid function. A slightly lower thyrotropin 
(TSH), a slightly higher free T4 and a much lower serum 
thyroglobulin (Tg) were observed in mothers, and a higher 
TSH, a lower triiodothyronine (T3) and a higher free T4 
and Tg were found in the neonates. These results sug-
gested that the fetal thyroid is more susceptible to iodine 
inhibition than the adult thyroid.

The placenta is the pathway for maternal–fetal iodine 
and TH transmission and is an important determinant 
of the thyroid state of the fetus. Two kinds of iodothy-
ronine deiodinase were found in the placenta: type 2 
iodothyronine deiodinase (D2) catalyzes the conversion 
of T4 to T3 and reverse triiodothyronine (rT3) to 3,3- 
l-diiodothyronine(T2); and type 3 iodothyronine deiodi-
nase (D3) inactivates T4 and T3, and may have an impor-
tant function in regulating fetal TH levels (Bianco et al., 
2002). Both D3 and D2 enzyme activities are present 
throughout gestation and may be regulated by the mater-
nal and fetal TH level. At all gestational ages, placental 
D3 activity is much higher than that of D2. Placental 
D2 activity is not likely to have a significant influence 
on fetal TH plasma concentrations, but may play a role 
in the regulation of intraplacental T3 generation and spe-
cific placental functions. High D3 activity most likely 
influences the TH economy of the fetus. However, the 
detailed mechanism of the regulation of placental D2 
and D3 activities by TH has not been clarified. D2 activ-
ity may be negatively regulated by maternal T4 levels 
(Steinsapir et al., 2000). Even in severely hypothyroid 
newborns with markedly reduced serum T4 levels, serum 
T3 and placental D3 activities were similar to those of 
euthyroid newborns. This suggests that placental D3 activ-
ity is regulated by serum T3, not by T4 (Koopdonk-Kool  
et al., 1996). In our recent animal study (Yang et al., 
2007), excess iodine resulted in an increase of serum 
TT4 and a decrease of TT3 in maternal mice, which may 
mainly be related to the inhibition of type 1 iodothyronine 
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deiodinase (D1) activity, resulting in a decrease in the  
generation of T3 from T4. D2 activity decreased in 12.5 
days post coitum placenta, showing an inverse relation-
ship with the maternal T4 level. No obvious change was 
observed in D3 activity, suggesting that the maternal TH 
level had no effect on placental D3 activity. At 12.5 days 
post coitum, the mother is the only source of fetal TH. 
However, after 17 days post coitum, the fetal thyroid gland 
can produce TH; and the condition may become more 
complicated. Further study was needed to clarify the alter-
ations of placental D2 and D3 during the whole gestation 
period when the mother was exposed to excess iodine.

Therefore, based on the above limited evidence, we con-
clude that excess iodine exposure may influence maternal–
fetal TH metabolism by three mechanisms: (1) excess iodine 
affects the maternal hormone thyroid level by inhibition of 
thyroid function and/or D1 activity; (2) excess iodine has 
an effect on maternal–fetal TH transfer by affecting placen-
tal D2 and D3 activity; and (3) excess iodine transferred by 
the placenta has a direct inhibition on the development and 
function of the fetal thyroid gland (Figure 88.2).

Modulation of Expression Pattern 
of Hox Genes by TH in Bone 
Differentiation, Growth and 
Development
TH is critical for normal bone growth and develop-
ment (Yen, 2001). Hypothyroidism may result in growth 

arrest, delayed bone age and short stature. Our study on  
animals found that defects in skeletal patterning in fetuses, 
such as supernumerary ribs, agenesis of sternebrae, poor 
ossification of metacarpals and metatarsals, and distor-
tion of vertebrae, were the most prominent developmen-
tal toxic effects of maternal exposure to excess iodine. The 
molecular basis of these abnormalities may be related to 
the modulation of expression pattern of the genes involved 
in bone differentiation, growth and development. The 
biological effects regulated by TH are mediated largely by 
the regulation of target gene transcription by thyroid hor-
mone receptors (TRs). The effects of TRs on gene regu-
lation are initially achieved through binding to specific 
deoxyribonucleic acid (DNA) sequences, known as thyroid  
hormone response elements (TREs), in the regulatory 
regions of target genes (Zhang and Lazar, 2000). Previous 
studies (Harvey et al., 2003) have reported that various 
genes are T3-responsive in osteoblasts and chondrocytes. 
The molecular actions of TH in bone growth and devel-
opment have been reviewed in Bassette and Williams  
(2003) and Harvey et al. (2002). In the present review, 
we highlight the potential regulation of developmental  
genes, homeobox-containing genes (Hox genes), by TH in 
skeletal development.

Hox genes are a cluster of genes that encode transcrip-
tional factors regulating many aspects of development 
(Krumlauf, 1994). In mice and humans, 39 Hox genes 
have been identified, which are arranged into four genomic 
clusters (Hoxa–d). Based on the sequence similarities and 
positions along the clusters, the 39 genes are divided into 
13 paralogs (Martinez and Amemiya, 2002; Scott, 1992). 
Hox genes are well-known regulators of pattern forma-
tion and cell differentiation in the developing vertebrate 
skeleton. For example, paralogous group 8 Hox genes 
had a unique role in axial skeletal patterning in the mouse 
(Akker et al., 2001); homeotic transformations of verte-
brae as well as limb skeletal malformations were observed 
in Hoxa11 mutant mice (Small and Potter, 1993); several 
Hox genes such as Pax2, Hoxa2, Hoxd11, and Hoxd13 
are involved the condensation process – a pivotal stage in  
skeleton development (Hall and Miyake, 2000).

The expression pattern of Hox genes are characterized 
by spatial collinearity, temporal collinearity and retinoic 
acid (RA) sensitivity collinearity (Lufkin, 1996; Martinez 
and Amemiya, 2002). Retinoic acid response elements 
(RAREs) have been identified in the majority of Hox 
genes. Retinoic acid receptor (RAR) binding to RAREs is  
necessary for regulating the expression of these genes. TR 
and RAR have been shown to share an identical P-box 
sequence, which implicates that they can bind the same 
DNA sequences and interact physically (Kumar and 
Thompson, 1999). Several studies found that TH could 
regulate Hox gene expression during metamorphosis and 
development. In frog embryogenesis, TR can modulate 
RA-mediated axis formation, and small changes in levels of 
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TR in early embryos may directly affect the RA responsive-
ness of Xhox.lab2. Polymerase chain reaction (PCR) assays 
also showed that T3 can induce the expression of Xhox.lab2  
in embryos that ectopically expressed TR (Banker and 
Eisenman, 1993). Gaur et al. (2001) also described a dra-
matic increase in the expression of the HoxA5 in the heart 
and aorta of the Mexican axolotl during the process of thy-
roxin-induced metamorphosis. Another study found that 
overexpression of TR1 resulted in malformation (loss of 
the midbrain–hindbrain border and severe disruption of 
the rostral hindbrain) in zebrafish, and such alterations 
have been correlated with a reduction in Hoxa1 expres-
sion (Essner et al., 1999). Nevertheless, little informa-
tion is available in the literature on Hox gene expression 
modulated directly by TH in mammalians. The structural 
analysis of the Hox3.1 (Hoxc8) transcription unit and the 
Hox3.2–Hox3.1 intergenic region found that a TRE exists 
in the transcriptional regulation region of mouse Hoxc8 
gene (Awgulewitsch et al., 1990), which implicated that 
TH may regulate the Hoxc8 expression during mouse 
embryogenesis.

Hoxc8 belongs to the Hox gene family and is predomi-
nantly expressed at a high level in the limbs, backbone and 
spinal cord in early mouse embryos, in the neural tube of 
mouse midgestation embryos, and in the cartilage and skel-
eton of newborns (Kwon et al., 2005). Skeletal abnormali-
ties in ribs, sternum and vertebrae have been observed in 
Hoxc8 / mice (Akker et al., 2001; Juan and Ruddle, 
2003). Downregulation of Hoxc8 messenger ribonucleic acid 
(mRNA) and protein expression were observed in 12.5-day 
embryos when maternal mice were exposed to excess iodine 
(Yang et al., 2007). Since a TRE was located in the Hoxc8 
promoter region, hypothyroidism induced by excessive 
iodine could reduce Hoxc8 expression through this TRE-
dependent pathway. This result provided a possible explana-
tion for the skeletal malformation induced by excess iodine 
exposure. However, more direct evidence of Hoxc8 regulated 
by TH through the TRE-dependent pathway is needed.

The mechanism of Hoxc8 modulating bone develop-
ment is not well understood. Several studies (Comier  
et al., 2003; Yueh et al., 1998) have provided evidence that 
Hoxc8 is involved in the regulation of cartilage differentia-
tion and maturation. Overexpression of a Hoxc8 transgene 
causes cartilage defects characterized by an accumulation 
of proliferating chondrocytes and reduced maturation, 
and the expression of collagen II mRNA, a marker for 
immature chondrocytes, markedly increased. Hoxc8 has 
been discovered to regulate osteoblast differentiation and 
bone formation through bone morphogenetic proteins 
(BMPs) signal transduction mediated by small mothers 
against decapentaplegic (Smad) proteins (Li et al., 2006; 
Yang et al., 2000). BMPs are members of the transform-
ing growth factor  (TGF-) superfamily of signaling 
molecules that regulate embryonic development, vertebral  
patterning and mesenchymal cell differentiation. They 

play an important role in the development of the skeleton 
in vertebrates (Hogan, 1996; Massague, 1998). The signal 
transduction of BMPs has been identified to involve Smad 
proteins. The interaction between Smad1 and Hoxc8 was 
confirmed by a “pull-down” assay and a coimmunoprecipi-
tation experiment (Shi et al., 1999). In response to BMP, 
Smad1 dislodges Hoxc8 from the promoter and activates 
both osteopontin and osteoprotegerin gene transcription 
(Shi et al., 1999; Wan et al., 2001). Recently, the identi-
fication of downstream targets of Hoxc8 genes found that 
osteopontin is a direct target of Hoxc8 in vivo (Lei et al., 
2005). More interestingly, analysis of TH responsive gene 
expression found that osteopontin expression is also regu-
lated by T3 in osteoblastic cells (Harvey et al., 2003). In 
addition to Hoxc8, several other Hox genes have been 
found to play an important role in BMP-induced skeleton 
development, but whether these Hox genes are regulated 
by TH needs to be elucidated.

TH regulates various genes involved in bone differentia-
tion, growth and development. Several studies to identify 
such crucial genes are currently underway. Based on the 
limited data available, our review focuses on the relation-
ship between Hox genes, especially Hoxc8, and skeletal 
development. There are still several issues that remain to 
be clarified. For example, in addition to Hoxc8, is there 
any other Hox gene regulated by TH in skeletal develop-
ment? Is Hoxc8 regulated directly by TH through the TRE 
pathway during development? Or, what are the detailed 
mechanisms of skeletal development regulated by Hoxc8 
expression? Further studies are required to elucidate these 
essential issues.

The potential pathway of developmental toxic effects 
induced by excess iodine exposure is illustrated in Figure 88.3.

Summary Points

l Animals can tolerate high doses of iodine exposure. 
Developmental toxic effects induced by excess iodine 
vary greatly in different species.

l The findings from animal studies suggest that expo-
sure to excess iodine during pregnancy has an adverse 
impact on pregnancy and fetal outcome, such as an 
increased mortality in offspring, an increased incidence 
of resorptions and especially skeletal variations.

l No apparent or significant developmental toxic effect 
has been reported in humans when exposed to excess 
iodine. However, for pregnant women who consume 
high doses of iodine through food or drinking water or 
who are exposed to iodine-containing medication dur-
ing pregnancy, the total iodine intake and their TH sta-
tus should be closely monitored.

l Excess iodine exposure during pregnancy may influence 
maternal–fetal TH metabolism and result in fetal/neo-
natal hypothyroidism or hyperthyroidism; therefore,  
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the thyroid function and morphology should be care-
fully evaluated in neonates when their mother is 
exposed to excess iodine during pregnancy.

l Hox genes play an important role in skeletal develop-
ment regulated by TH; the underling molecular mech-
anism of developmental toxic effects induced by excess 
iodine needs to be further elucidated.
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Abstract

Iodine intake can lead to clinical and morphological reac-
tions involving the thyroid gland. As far as morphology is 
concerned, iodine deficiency is related to the development 
of diffuse and nodular goiter, whereas iodine sufficiency 
would lead to the development of autoimmune thyroiditis. 
Among the spectrum of autoimmune thyroiditis, focal and 
Hashimoto’s thyroiditis are the most relevant histological 
types referred to in relation to salt iodization. Pathological 
studies made in different regions indicate that focal and 
Hashimoto’s thyroiditis occur more frequently in areas 
of iodine sufficiency than in areas of iodine deficiency, 
and increase after salt iodization. The prevalence of thy-
roiditis in both sexes shows a wide range in goitrous areas 
before (0%–20.6%, mean 7.6%) and after (6.5%–29.7%, 
mean 16.6%) prophylaxis, whereas in areas of iodine suf-
ficiency the prevalence rate for female patients ranges from 
7.7 to 45.5% (mean 21.8%). A study on the prevalence of 
thyroiditis in females in relation to salt iodization in Salta, 
Argentina, which was carreid out over 46 years by the same 
pathologist using the same methodology and selection crite-
ria, showed a clear increase in the prevalence of thyroiditis 
after iodine prophylaxis, namely from 13.3 to 29.1% before 
and after salt iodization, respectively. These findings were 
not confined to thyroids resected shortly after iozination, 
but had a tendency to continue with time. Focal thyroidi-
tis predominated over diffuse or Hashimoto’s thyroiditis in a 
proportion of 4 to 1. An increase of thyroiditis was linked to 
an increased incidence of primary thyroid lymphoma, and 
thyroiditis was found to be more commonly associated with 
papillary carcinoma than with other types of thyroid carci-
noma, regardless of iodine intake.

Abbreviations

RET Ret oncogen
T4 Thyroxine

T3 Triiodothyronine
TSH Thyrotropin

Introduction

High or low iodine intake can lead to clinical and mor-
phological reactions involving the thyroid gland. From a 
clinical standpoint, an increase in iodine intake, relates to 
the development or exacerbation of thyroid autoimmune 
disease in susceptible individuals, as well as hyperthy-
roidism from underlying autonomously functioning thy-
roid nodules (Utiger, 2006); while pharmacological doses 
of iodine or iodine-containing drugs (e.g., amiodarone) or 
foods (e.g., seaweeds) may induce transient or permanent 
thyrotoxicosis or hypothyroidism in patients with or with-
out underlying thyroid autoimmune disorders (Lind et al., 
2002; Reid and Wheeler 2005; Tajiri et al., 1986).

As far as morphology is concerned, iodine deficiency is 
related to the development of diffuse and nodular goiter, 
whereas iodine sufficiency would lead to the development 
of thyroiditis. Simple diffuse goiter may be difficult to sep-
arate from normal thyroid. The size and weight of the thy-
roid gland may show a wide regional variation, depending 
on dietary iodine intake and other goitrogens (e.g., thyo-
cianate). Iodine deficiency leads to a lower T4/T3 ratio 
and high serum thyrotropin (TSH) which, together with 
other growth factors, would lead to follicular cell growth 
(Gerber et al., 1996). Iodine prophylaxis has been associ-
ated with an increase in prevalence (Harach et al., 1985a, 
2002; Weaver et al., 1966) and lymphoid infiltrate density 
(Hofstädter et al., 1978) of lymphocytic thyroiditis, where 
the level of iodination of thyroglobulin could be relevant 
to its development (Brown and Bagchi, 1992).

Histological autoimmune thyroiditis related to iodine 
intake are generally referred to in the literature as focal 
or Hashimoto’s in type, regardless of their clinical fea-
tures as these are almost always an incidental finding in 
 thyroidectomies or at autopsy. In this review, we will focus 
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on the prevalence and natural history of these types of thy-
roiditis in relation to salt iodization, taking the province of 
Salta, Argentina, as a model.

Autoimmune Thyroiditis:  
General Features

There are several specific types of autoimmune thyroiditis. 
They predominate in females, show high serum antithy-
roid antibody titers, and have a chronic or transient clinical 
course depending on their setting of presentation (Hayashi 
et al., 1985; Inada et al., 1981; Mizukami et al., 1988, 
1992, 1993; Sugenoya et al., 1995) (Table 89.1). Atrophic 
thyroiditis (primary myxoedema) is characterized by the 
existence of serum TSH receptor-blocking antibodies and, 
on histology, the thyroid gland shows atrophic follicles with 
or without some oxyphil cell changes, fibrosis and mild 
focal lymphoid infiltrates (LiVolsi, 1994; Sugenoya et al., 
1995). The other types of autoimmune thyroiditis (Table 

89.1) reveal serum antithyroglobulin and antithyroid per-
oxidase antibodies and show a full spectrum of histological 
features ranging from focal to diffuse or Hashimoto’s thy-
roiditis (Hayashi et al., 1985; Inada et al., 1981; LiVolsi, 
1994; Mizukami et al., 1988, 1992, 1993). Unfortunately, 
and for epidemiological purposes, some authors have used 
the term Hashimoto’s thyroiditis to include focal thy-
roiditis, which has led to a confusion of terms and inter-
pretation in the past (Ott et al., 1987). These two types of 
thyroiditis show different histology and modes of presenta-
tion (Mizukami et al., 1992; Williams and Doniach, 1962; 
Yoshida et al., 1978) (Table 89.2). Focal thyroiditis is con-
sidered to be either a nonprogressive form or precursor of 
Hashimoto’s thyroiditis, is a frequent incidental finding in 
biopsies and at autopsy, and increases with age according to 
some studies (Mitchell et al., 1984; Mizukami et al., 1992; 
Okayasu et al., 1994; Williams and Doniach 1962; Zois 
et al., 2006). Histologically, it is characterized by an inter-
stitial patchy lymphoid infiltrate and follicle breakdown 
which, depending on the extension of the process, may be 
accompanied by oxyphil cell changes and formation of ger-
minal centers. On the other hand, Hashimoto’s thyroiditis 
shows diffuse involvement of the thyroid gland by lympho-
plasmacytic infiltrates, usually with formation of germinal  

centers, oxyphil changes of follicular cells and thyroid 
parenchymal tissue destruction that may be accompanied 
by bands of fibrosis (LiVolsi, 1994; Mizukami et al., 1992; 
Williams and Doniach, 1962). Both types of thyroiditis 
show similar lymphoid cell infiltrates at electron micro-
scopy and immunoglobulin light and heavy chain restric-
tion patterns by immunocytochemistry (Harris, 1969; 
Knecht et al., 1981).

Iodine Prophylaxis and Thyroiditis

The concept of a relationship between dietary iodine intake 
and autoimmune thyroiditis, either focal or Hashimoto’s, 
suggests that its prevalence generally increases after iodine 
prophylaxis (Table 89.3). The prevalence of thyroiditis in 
both sexes shows a wide range in iodine-deficient areas 
before (0%–20.6%, mean 7.6%) and after (6.5%–29.7%, 
mean 16.6%) iodine prophylaxis, whereas in areas of 
iodine sufficiency the rate for female patients ranges from 
7.7 to 45.5% (mean 21.8%) (Table 89.4). However, a com-
parison between these studies is difficult because methods 
have changed over time and similar selection criteria were 
not used by all the authors.

A study of the prevalence of histological thyroidi-
tis in relation to salt iodization in the province of Salta, 
Argentina, was carried our over 40 years by the same 
pathologist who used the same histological diagnostic cri-
teria, based on a pattern of material referral that has not 
substantially changed over time (Harach et al., 1985a, 
2002; Harach and Williams, 1995). The observations, 
extending to 46 years after salt prophylaxis, show a clear 
increase in the prevalence of thyroiditis after salt iodization 
(from 13.3 to 29.1%) (Table 89.5), with focal thyroiditis 
predominating over diffuse or Hashimoto’s thyroiditis in 
a proportion of 4 to 1 (Table 89.6). These findings are not 
confined to thyroids resected shortly after iodization, but 
have continued with time (Table 89.5), thus correlating 
well with the increase in thyroid autoantibodies following 

Table 89.1 Autoimmune thyroiditis

Types Clinical course

Goitrous (Hashimoto’s) thyroiditis Chronic
Atrophic thyroiditis (primary myxoedema) Chronic
Juvenile thyroiditis Chronic
Postpartum thyroiditis Transient
Silent thyroiditis Transient
Focal thyroiditis May be progressive

Table 89.2 General features of focal and Hashimoto’s 
thyroiditis

Focal thyroiditis
Hashimoto’s 
thyroiditis

Diagnosis Incidental Clinical
Goiter No Yes
Patient thyroid status Euthyroida Hypothyroid
Antithyroid antibody titers High High
Thyroid gland
 Size Normal Enlarged
 Histological changes Patchy Diffuse

aSubclinical hypothyroidism may be found incidentally or on 
screening.
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salt iodization in populations from iodine-deficient areas 
(Lind et al., 2002; Zois et al., 2006).

Thyroiditis and Thyroid Cancer

Papillary carcinoma of the thyroid increases after iodine 
prophylaxis. The prevalence of thyroiditis is much greater 
in association with clinically significant papillary carci-
noma than with other types of thyroid carcinoma (Harach 
et al., 2002; Harach and Williams, 1995), even when the 
latter occur in older patients (Table 89.5) where thyroidi-
tis is known to increase with age, both in iodine-sufficient 
areas and after salt iodination (Harach and Williams, 
1995; Okayasu et al., 1994; Williams and Doniach, 
1962). Previous observations showed a wide variation in 
the frequency of Hashimoto’s thyroiditis in glands with 
thyroid cancer (e.g., 1%–23%), used different criteria to 
define the thyroiditis as either focal or Hashimoto’s, and 
also included papillary microcarcinomas which were prob-
ably incidental findings (Ott et al., 1987) that may explain 
the high prevalence of Ret oncogen (RET) mutation in 
Hashimoto’s thyroiditis (Sheils et al., 2000), molecular 

results that have been disputed by others (Nikiforova  
et al., 2002).

Papillary carcinoma is sometimes associated with a dif-
fuse stromal lymphoid infiltrate, and there is a considerable 
overlap between patients with background thyroiditis and 
those with a lymphoid infiltrate in the stroma of papillary 
carcinoma before and after iodine prophylaxis (Harach 
et al., 1985a). A lymphoid infiltrate is rarely seen in fol-
licular carcinoma, suggesting that there may be a papillary 
carcinoma tumor antigen. Papillary carcinoma is also asso-
ciated with a greater degree of direct invasion of the non-
neoplastic gland, with potential release of antigen, than is 
follicular carcinoma. We suggested that the link between 
papillary carcinoma and thyroiditis is that thyroiditis is a 
consequence of the tumor, through one or both of these 
mechanisms (Harach and Williams, 1995). Whether thy-
roiditis is the cause of carcinoma or carcinoma the cause of 
thyroiditis is still a matter of debate (Crile, 1978; Harach 
et al., 2002; McLeod et al., 1988; Okayasu et al., 1995; 
Ott et al., 1987; Williams et al., 1977).

Primary thyroid lymphoma is usually of B-cell ori-
gin, occurs more frequently in older females, and shows 
a tendency to increase after salt iodization (Harach and 
Williams 1995; Schmid et al., 1986) (Table 89.6). These 
observations suggest that primary thyroid lymphoma 
could be related to an increase in thyroiditis, although the 
increasing age of the population must also be taken into 

Table 89.3 Thyroiditis and dietary iodine by regions

Before After

Rochester (USA)a  6.5 Meier et al.,  
 (1959)

Michigan (USA)  0.0  9.3 Weaver et al., 
 (1966)

Santiago (Chile)a  1.8 Arellano and 
 Ibarra (1984)

Viena/Horn (Austria)b  9.8 Neuhold et al., 
 (2001)

Rochester (USA) 11.7 Mortensen et al., 
 (1955)

Kansas (USA)  3.9 14.4 Stoffer et al.,  
 (1960)

Hannover (Germany)a  5.7 Lang et al.,  
 (1988)

Bettiah (India)a  7.1 Roy et al., (1964)
Minneapolis (USA)a  9.8 Rice (1932)
Cali (Columbia) 12.3 Cuello et al.,  

 (1969)
Sao Paulo (Brazil)a 28.0 Bisi et al. (1989)
Salta (Argentina)b 16.6 28.0 Harach et al.,  

 (2002)
Mendoza (Argentina) 20.6 29.7 Perinetti et al.,  

 (1971)
Zürich (Switzerland)a,b 23.8 35.5 Vollenweider  

 et al., (1982)

Notes: Prevalence (%) of histological thyroiditis in iodine-deficient 
regions before and/or after iodine prophylaxis. Unless specified, 
the figures include at least moderate or grade II (Williams and 
Doniach, 1962) thyroiditis in both sexes. Salt prophylaxis in the 
USA (implemented in 1924) was probably at its zenith in the 
1950s (Matovinovic, 1978).
aGrade of thyroiditis not specified.
bFemales only.

Table 89.4 Thyroiditis and dietary iodine by regions

Tokyo (Japan)  7.7 Kurashima and 
 Hirokawa (1985)

Malmö (Sweden)a 13 Bondeson and 
 Ljungberg (1981)

Jamaica (Caribean)a 13.8 Harris et al., (1973)
Iceland 16 Williams et al., (1977)
Buenos Aires (Argentina) 16.6 Harach and 

  Niepomniszcze, 
(1980)

Baltimore (USA blacks)a 17.4 Okayasu et al., (1994)
Tokashima (Japan)a 18.0 Yamamoto et al., 

(1990)
Helsinki (Finland)a,b 21 Harach et al., (1985)
London (England) 22 Williams and Doniach 

 (1962)
Iwate (Japan)a,b 26.4 Yoshida et al., (1978)
Aberdeen (Scotland) 29 Williams et al., (1977)
Baltimore (USA whites)a 41.1 Okayasu et al., (1994)
Connecticut (USA)a,b,c 44.2 Cuello et al., (1969)
Southamptom (England) 45.5 Mitchell et al., (1984)

Notes: Prevalence (%) of histological thyroiditis in different regions 
with iodine sufficiency and/or no change in iodization policy. 
Unless specified, the figures include at least moderate or grade II 
(Williams and Doniach, 1962) thyroiditis in females.
aGrade of thyroiditis not specified.
bMales included.
cNontumor thyroid tissue from patients with papillary carcinoma.
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account (Harach et al., 2002; Harach and Williams, 1995). 
Patients with Hashimoto’s disease show a 67–80-fold rela-
tive risk for the development of thyroid lymphoma than 
the control population (Aozasa, 1990; Holm et al., 1985). 
It would of course be surprising if a primary lymphoma 
occurred in a thyroid that lacked lymphocytic infiltration.

Summary Points

l Autoimmune thyroiditis increases after salt iodization.
l Autoimmune thyroiditis may show focal or diffuse lym-

phoid infiltrates on histology.
l Focal thyroiditis is more common than diffuse or 

Hashimoto’s thyroiditis before and after iodine 
prophylaxis.

l Thyroiditis occurs more commonly with papillary car-
cinoma than with other types in thyroid carcinomas 
regardless of iodine intake.

l A higher incidence of autoimmune thyroiditis is likely 
to be related to an increase in thyroid lymphoma.

l Primary lymphoma would not be expected to occur in a 
thyroid that lacked lymphocytic infiltration.
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Abstract

The thyroid gland seems to be well adapted to incidents 
of iodine intake in very high amounts. Still, there is evi-
dence showing that increased intake of iodine may induce 
clinically relevant problems in some susceptible subjects. 
These effects are optimally identifiable at population  
level, as individual responses vary depending on many 
other factors that are difficult to control. One of the main 
undesirable consequences of increased iodine intake in a 
population is a higher incidence of hyperthyroidism. This 
chapter discusses the epidemiology and etiology of iodine-
induced hyperthyroidism (IIH), which follows normaliza-
tion of iodine supply.

Abbreviations

IIH Iodine-induced hyperthyroidism
TRH Thyrotropin-releasing hormone
TSH Thyroid-stimulating hormone

Introduction

Normal thyroid gland function and morphology depend 
on an adequate iodine supply. Although the thyroid may be 
considered as an organ with evolutionary adaptation to low 
and variable iodine availability in the terrestrial environment 
(Venturi et al., 2000), it cannot compensate for long-term 
iodine shortages. The gland tolerates periods of subnormal 
iodine intake because it stores relatively high amounts of 
this element. In normal conditions, there is about 8–12 mg 
of iodine stored in the colloid, which is equivalent to 2- to 
3-months’ demand. Thus, even an intermittent intake of 

higher iodine amounts with very low basic consumption 
may be adequate for proper function of the thyroid gland. 
However, a prolonged (lasting for years) iodine deficiency 
inevitably leads to many pathophysiological and epidemio-
logical consequences that are thoroughly discussed else-
where in this book.

The Thyroid Can Compensate for  
High Amounts of Iodine

The thyroid gland can tolerate iodine intake in very 
high amounts. Iodine, even in doses as high as hundreds 
of milligrams (i.e., 1000-fold above the normal daily 
intake), induces only slight and clinically insignificant 
changes in thyroid hormone levels in normal subjects. 
In fact, Vagenakis et al. (1973) reported no clinically rel-
evant changes in the hormonal status of 10 healthy vol-
unteers who had been receiving iodine in the dose range 
starting from 35 mg and reaching about 180 mg daily for 
3–4 weeks. In most of the subjects examined, a signifi-
cant decrease in T3 and T4 concentrations was observed, 
accompanied by increased thyroid-stimulating hormone 
(TSH) levels – both basal and thyrotropin-releasing hor-
mone (TRH) stimulated – but those concentrations 
remained within normal limits. Iodine withdrawal resulted 
in a prompt return of the hormones to their baseline val-
ues. This does not necessarily mean that iodine, in hun-
dreds of milligrams, is not harmful to healthy subjects. 
In another study, Papanastasiou et al. (2000) examined 
the influence of a single dose of 480 mg iodine (given 
as IM injection of iodized oil) in 40 volunteers with 
nontoxic goiter. All the patients examined remained 
 euthyroid during the 1-year observation after exposure to 
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iodine. However, in fine needle aspirates, obtained after 
12 months, lymphocytic infiltration was observed in as 
many as 27 of the patients. Abnormally increased titers of 
antithyroid antibodies were found in seven of them. Such 
results can be attributed to the toxic effects of high phar-
macological doses of iodine on thyroid follicular cells.

Detrimental Effects of Increased 
Iodine Supply

Increased iodine intake may lead to clinically relevant but 
undesirable changes in some susceptible subjects. These 
effects are identifiable only at population level, since indi-
vidual responses are based on various factors that are dif-
ficult to control. The major undesirable consequences of 
increasing iodine intake in a population are:

l Higher incidence of hyperthyroidism;
l Increased incidence of chronic thyroiditis (often leading 

to hypothyroidism).

There is one more epidemiological consequence of 
increased iodine consumption: changes in the prevalence 
of differentiated thyroid cancers. The restoration of nor-
mal iodine intake in areas of iodine deficiency significantly 
lowers the prevalence of follicular thyroid carcinoma, but 
it does not seem to decrease the overall prevalence of thy-
roid cancer. Nevertheless, this effect is desirable, as follicu-
lar carcinoma is more difficult to diagnose and treat than 
papillary thyroid carcinoma. Whether increased iodine 
intake leads to elevated prevalence of papillary carcinoma 
is highly controversial. There are certain points that make 
this problem rather difficult to approach. The introduc-
tion of iodine prophylactic programs in many countries 
coincided with a significant technological improvement in 
thyroid diagnostics (e.g., the availability of high-resolution 
ultrasound equipment). Thus, the observed changes in the 
incidence rates of papillary carcinoma may, at least to some 
degree, be attributed to the decreased number of small, 
slowly growing cancers that remain undiagnosed through-
out the life of patients. Systematic, postmortem, patholog-
ical examinations of the thyroid gland do not clarify the 
issue, as reports from various populations are hardly com-
parable. Nevertheless, the influence of increased iodine 
supply on papillary thyroid cancer epidemiology is far 
from being significant and, as such, is beyond the scope of 
the present chapter. However, the relationship of chronic 
thyroiditis with iodine intake is discussed elsewhere.

Iodine-Induced Hyperthyroidism

Probably the first reports associating the exposure to iodine 
with hyperthyroidism development were those published 
by Breuer (1900) and Kocher (1910). The latter was the 

first who used the term “Jod-Basedow,” which is now, 
sometimes, used as a synonym for hyperthyroidism in the 
course of Graves’ disease, induced or aggravated by expo-
sure to high amounts of iodine. Interestingly enough, the 
distinction between the two major sources of hyperthy-
roidism, i.e., Graves–Basedow’s disease and autonomous 
thyroid nodules, was made nearly two decades later by 
Plummer (1928). Thus, the term “Jod-Basedow” was 
imprecise at its origin. It should also be mentioned that 
Graves’ disease can develop in patients with nodular 
goiter, which makes this term even less useful. Instead, 
the term “iodine-induced hyperthyroidism” (IIH) is more 
 commonly used to describe the state of excessive thyroid 
activity that can be related to previous exposure to iodine.

The First Observations on IIH

The relationship between exposure to iodine and the sub-
sequent development of hyperthyroidism in any particular 
individual has not been clearly established; still there are 
some controversies regarding IIH. The first observations 
suggesting such a relationship were made in the 1920s in 
the United States. Following the reports of Marine and 
Kimball (1917), who proved that iodine administration 
can prevent goiter in schoolchildren, the era of iodine 
prophylaxis began. Household salt was generally cho-
sen as a medium for iodine; it was added as potassium 
iodide, usually at the level of 100 ppm. The introduction 
of iodized salt was closely followed by a significant rise in 
the number of hospital admissions for hyperthyroidism 
in many parts of the United States; the rise was observed 
between 1924 and 1928 and was accompanied by doubled 
death rate due to thyrotoxicosis (Kohn, 1976).

Interestingly, by the year 1930, the rates returned to 
their baseline limits, thus raising doubts regarding the role 
of iodine in the “epidemic” of hyperthyroidism (McClure, 
1934) (Figure 90.1).

More Data on IIH Related to Iodine 
Prophylaxis

Similar observations were made in many other countries when 
iodine prophylaxis was started, these have been thoroughly 
reviewed by Stanbury et al. (1998). One of the best-documented 
cases is that of Tasmania, where centralized endocrinological 
care allowed more precise assessment of changes in the inci-
dence of hyperthyroidism after iodine prophylaxis had been 
established. Before 1960, Tasmania was known for endemic 
goiter. After 1963, when iodine intake in the Tasmanian popu-
lation increased noticeably to about 200 mcg daily, an abrupt, 
nearly five-fold increase in the incidence of hyperthyroidism 
occurred (Stanbury et al., 1998). Remarkably, the increase was 
limited to the population older than 40 years. As in other cases, 
the increase in the incidence of hyperthyroidism was transient, 
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but it still lasted for about 10 years. In multicenter studies, per-
formed in Poland 3–5 years after the institution of obligatory 
salt iodization at the level of 30 ppm, a gradual decline in the 
incidence of hyperthyroidism was observed in areas that were 
moderately iodine deficient before the prophylaxis (Figure 90.2). 
In the area with virtually no iodine deficiency, the incidence of 
hyperthyroidism was stable (Lewiński et al., 2003). Despite the 
relatively short period of observations, it can be concluded that 
the changes in the incidence of hyperthyroidism were similar 
to those reported from Tasmania. It should be mentioned that, 
in the early 1990s, Poland was an area of mild-to-moderate  

iodine deficiency (Sobieszczanska-Jablonska et al., 1998; 
Tomaszewski et al., 2000) and iodine supply was successfully 
corrected in 1997 (Zygmunt et al., 2001). The incidence of 
goiter in schoolchildren was 37.5% in 1994 and 1.4% in 1999  
(Figure 90.3). The mean and median values of ioduria in 
1994 were 54.1  44.6 g/l (x  SD) and 45.2 g/l, respec-
tively. In 1999, the level of ioduria was 110.6  68.2 g/l 
as the mean and 101.1 g/l as the median value (Figures 90.4 

and 90.5). Some observations on the increased incidence of 
hyperthyroidism after higher iodine consumption in certain  
populations are shown in Table 90.1.
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Figure 90.3 The prevalence of goiter in schoolchildren before 
and after the introduction of obligatory iodine prophylaxis in 
Poland. The bars represent prevalence of goiter as assessed by 
ultrasound imaging in schoolchildren (aged 7–15 years) in central 
Poland 3 years before and 2 years after the introduction of oblig-
atory iodine prophylaxis (by means of salt iodized at the level of 
30 ppm). A marked improvement can be noted in both girls and 
boys. Adapted from Zygmunt et al., (2001) with kind permission 
from Endokrynologia Polska.
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Figure 90.1 Typical response to normalization of iodine sup-
plies at population level. Incidence of hyperthyroidism (marked by 
the solid line) increases shortly after the increase in iodine sup-
ply (indicated by the dotted line). The more the iodine deficit is 
corrected, the higher is the peak incidence of hyperthyroidism 
observed.
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Figure 90.2 Changes in the incidence of hyperthyroidism in the 
Polish population following an increase in iodine supply. The inci-
dence of hyperthyroidism in the adult population in different parts 
of Poland, 3–5 years after the introduction of obligatory iodine 
prophylaxis. The ordinate represents the number of registered 
new cases of hyperthyroidism per 100000 adult inhabitants. The 
decline in incidence is observed apart from the Szczecin region, 
where iodine deficiency was virtually absent even before prophy-
laxis. Adapted from Lewiński et al., (2003) with kind permission 
from Editrice Kurtis srl.
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Figure 90.4 Ioduria levels in schoolchildren before and after 
the introduction of obligatory iodine prophylaxis in Poland. Ioduria 
levels in the same population as in Figure 90.3. The middle point 
reflects the arithmetic mean, the frame expresses the standard 
error of mean, and the horizontal lines express standard deviation. 
Adapted from Zygmunt et al., (2001) with kind permission from 
Endokrynologia Polska.
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IIH Related to Intensification of  
Iodine Prophylaxis

Interesting data came from Switzerland where, in 1980, 
the iodine content in salt was doubled (from 7.5 to 
15 ppm). As a result, a 27% rise in hyperthyroidism inci-
dence was observed in the subsequent year. But, after 8 
years, the rates of hyperthyroidism declined to 44% of the 
level that had been recorded before the change of iodine 
intake (Baltisberger et al., 1995). The authors have con-
cluded that the correction of mild iodine deficiency has 
beneficial effects on the incidence of hyperthyroidism, 
contrary to what is observed when severe iodine defi-
ciency needs to be controlled. A similar change in iodine 
status occurred in the Austrian population 10 years 
later, in 1990. In a very well-designed study, reported by 
Mostbeck et al. (1998), 19 collaborating centers assessed 
the incidence of hyperthyroidism before and after the 

intensification of iodine prophylaxis. The peak incidence 
of Plummer’s disease (hyperthyroidism resulting from 
thyroid autonomy) occurred after 2 years and was 37% 
above the baseline value. At the termination of the study, 
in 1995, the incidence of Plummer’s disease was still  
above the baseline level by 17%. The incidence of Graves’ 
disease rose a little later (after 3 years) and reached 219% 
of the baseline level. Until 1995, the incidence of Graves’ 
disease had not significantly declined and was still 95% 
above the baseline level.

IIH Underlying Mechanisms

These data are concordant with other reports that sug-
gest that a transient increase in the incidence of hyperthy-
roidism after the introduction or intensification of iodine 
prophylaxis is related to the autonomy of thyroid nodules. 
It has been suggested that thyroid autonomy develops as 
a consequence of prolonged iodine deficiency (Ingbar, 
1972). An interesting explanation as to how iodine defi-
ciency may lead to thyroid autonomy was provided by 
Krohn and Paschke (2001). According to them, the lack 
of iodine stimulates the proliferation of thyroid follicular 
cells (by the influence of TSH) and, more importantly, 
diminishes the antioxidant effects (iodide itself is a potent 
antioxidant). Subsequently, hyperplasia forms cell clones. 
Some of them bear somatic mutations, leading to thy-
roid nodules. The subsequent elevation of iodine supply 
promotes the activity of hot nodules. Undoubtedly, such 
effects need prolonged periods of iodine deficiency. The 
main role of thyroid autonomy in the increased occurrence 
of hyperthyroidism after the augmentation of iodine sup-
ply is thus supported by the observations that hyperthy-
roidism develops mainly in the older population. A good 
example is the report by Zimmermann et al. (2003), who 
showed that rapid provision of iodized salt (at the level of 
25 ppm) to schoolchildren with goiter did not cause IIH in 
any of 323 observed children in northern Morocco. There 
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Figure 90.5 Individual ioduria levels in schoolchildren before and 
after the introduction of obligatory iodine prophylaxis in Poland. 
Ioduria levels in individuals from the same population as in Figure 
90.3. The long, horizontal lines are medians; the short lines are the 
1st and the 3rd quartile, respectively. The dotted line expresses the 
lower normal value (100 g/l). Adapted from Zygmunt et al., (2001) 
with kind permission from Endokrynologia Polska.

Table 90.1 Selected observations of the increased incidence of hyperthyroidism after higher iodine consumption at a population level

Population
Iodine supply/salt iodization 
level after the enhancement

Previous iodine supply/salt 
iodization level

Peak incidence of 
hyperthyroidism

References

USA (1920s) 100 ppm Unknown ? (probably several-fold 
increase)

Kohn (1976)

Tasmania (1963) 200 mcg daily 50 mcg (?) Five-fold increase Stanbury et al., (1998)
Switzerland (1980) 7.5 ppm 15 ppm 127% of the baseline Baltisberger et al., (1995)
Austria (1990) 7.5 ppm 15 ppm 137% of the baseline-

Plummer’s disease
Mostbeck et al., (1998)

219% of the baseline-
Graves’ disease

Poland (1997) 150 mcg daily 70  mcg daily Probably three–four-fold 
increase

Lewiński et al., (2003)

Note: The peak incidences were observed 2–4 years after the change in iodine supply.
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are also reports showing that prolonged iodine excess is 
not related to increased rates of hyperthyroidism (Yang  
et al., 2002).

Conclusions

In fact, IIH, which follows iodine supply normalization, 
can be viewed as an outcome of iodine deficiency. The 
deeper the iodine deficiency, the more numerous and more 
difficult are the IIH cases, which occur after the correc-
tion of iodine supply. Also, children form the group that 
benefits the most from iodine prophylaxis. Some effects 
of prolonged iodine deficiency, such as the presence of 
autonomous nodules in the thyroid, seem to be irrevers-
ible. However, proper iodine supply lowers the risk of IIH 
development for other reasons, such as exposure to phar-
macological agents with large amounts of iodine.

Summary Points

l Increased iodine intake may induce clinically relevant 
disturbances in some susceptible subjects.

l The major undesirable consequences of increased iodine 
intake in a population include higher incidence rates of 
hyperthyroidism and chronic thyroiditis.

l The elevated incidence of IIH, which follows normaliza-
tion of iodine supply, is transient.

l The greater the iodine deficiency, the more numer-
ous and clinically more difficult are the cases of hyper-
thyroidism, which occur after correction of the iodine 
supply.
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Abstract

Our epidemiological survey suggested that excessive iodine 
intake would increase the incidence of autoimmune thy-
roiditis and hypothyroidism. To explore the mechanism 
of iodine-induced hypothyroidism and iodine-induced 
autoimmune thyroiditis in vivo, NOD.H-2h4 mice (with 
autoimmune thyroiditis heredity background) and Wistar 
rats (without that background) were used to imitate sus-
ceptible and nonsusceptible populations to explore the 
mechanism of excessive iodine supplementation on the 
thyroid. From the experimental study, some results were 
found as below: thyroid goiter or retention of colloid in 
a dose-dependent way; destruction of thyroid follicles;  
inhibition of iodine uptake and organization; a decrease 
in the ability of antioxidation in the thyroid gland; apop-
tosis of thyroid follicular epithelial cells; inhibition of  
5-deiodinase activity in both thyroid and peripheral  
tissues; and induction and aggravation of the development 
of autoimmune thyroiditis. Iodine supplementation on a 
deficient iodine baseline superposed damage on thyroid 
cells. Coexistence of overdosed iodine and fluorine only 
showed the damage of overdosed iodine on the thyroid.

Abbreviations

5D 5-deiodinase
EAT Experimental autoimmune thyroiditis
FADD Fas-associated death domain
FLIP FLICE inhibitory protein
GSH-PX Glutathione peroxidase
MDA Malondialdehyde
NIS Sodium iodide symporter
ROS Reactive oxygen species
rT3 Reverse triiodothyronine
SOD Superoxide dismutase
TgAb Anti-thyroglobulin antibody
TPO Thyroid peroxidase
TSH Thyrotropin
TT3 Total triiodothyronine

TT4 Total thyroxine
TUNEL  Terminal deoxynucleotidyl transferase 

mediated dUTP nick end labeling

Introduction

Our epidemiological survey suggested that the main  
damage due to excessive iodine intake would be an 
increase in the incidence of autoimmune thyroiditis and 
hypothyroidism (Teng et al., 2006). In order to reveal 
the corresponding mechanism, experimental studies were 
 conducted. NOD.H-2h4 mice (with autoimmune thy-
roiditis heredity background) and Wistar rats (without 
that background) were used to imitate susceptible and 
nonsusceptible populations. The impact of excessive iodine 
supplementation on animals with both deficient and  
nondeficient baselines was investigated; iodine supplemen-
tation levels were defined according to the iodine status 
from our epidemiological survey, which were three-fold 
and six-fold iodine intake, respectively. The time dura-
tion of iodine supplementation was at least 24 weeks. The 
evaluation index included various aspects, such as thyroid 
function, structure, iodine organization, autoimmunity, 
apoptosis, deiodinase, oxidative damage, and so on. In 
this chapter, we want to review our studies, as well as oth-
ers, on the effects of excessive iodine supplementation to 
explore the mechanism in detail.

Impact of Chronic Excessive Iodine 
Supplementation on Wistar Rats  
at Normal Iodine Baseline

Impact of chronic excessive iodine 
supplementation on the structure and  
function of the thyroid tissue

Seven-week-old Wistar rats at normal iodine baseline were 
divided into four different groups and fed on water with 
normal, 1.5-fold high, 3-fold high and 6-fold high iodine 
levels for 8 months. Thyroid follicular epithelial cells were 
observed using a light microscope, the height of epithelium 
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and the area of follicular cavity were calculated by means 
of Image-Pro Plus 5.1 software and ultramicrostructures 
were observed using an electron microscope. Serum thy-
rotropin (TSH) levels were detected by the IRMA method 
(Amersham Corp., USA), while total triiodothyronine 
(TT3) and total thyroxine (TT4) were detected by the RIA 
method (DPC Corp., USA).

As the dosage of iodine intake increased, TT3, TT4 and 
iodine levels in the thyroid increased significantly, hence 
demonstrating a positive correlation (r  0.59–0.97). In 
peripheral tissues, the ratio of TT4/TT3 also increased. 
As iodine intake dosage increased, serum TT4 increased, 
while TSH level was lower compared with the control 
group. Compared with the control group, no obvious 

thyroid morphological changes were observed under the 
light microscope in the 1.5-fold group. Enlargement of 
follicular cavities, flattening of epithelial cells and hyper-
plasia of small follicular cells in certain areas were found, 
in both three-fold and six-fold groups after 1–2 months’ 
iodine supplementation; intrathyroid hypofunctional fol-
licles were observed after 4 months’ exposure and were 
in positive correlation with the iodine dosage. All these 
results indicated that overdosed iodine intake would result 
in retention of colloid in follicular cavities, depression and 
flattening of epithelial cells, as well as an increase in hypo-
functional follicles (Figure 91.1).

Results of ultramicrostructures showed that the abnor-
mality of the subcellular structure was aggravated in 

(a) (b)

(d)(c)

Figure 91.1 (a) Light microscopic view of thyroid follicles from Wistar rats given normal iodine water for 8 months. (b) Light micro-
scopic view of thyroid follicles from Wistar rats given 1.5-fold-high iodine water for 8 months. No difference was found when compared 
with the normal control group. (c) Light microscopic view of thyroid follicles from Wistar rats given three-fold-high iodine water for 8 
months. The follicular lumina dilated and was full of colloid, proliferation of small follicles and vacuolization of the epithelial cells could be 
seen, and the number of hypofunction follicles increased. (d) Light microscopic view of thyroid follicles from Wistar rats given six-fold-high  
iodine water for 8 months. Enlargement of follicular lumina and engorgement of colloid was more obvious; there were more follicles of 
hypofunction when compared with the three-fold-high iodine group.
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the three-foldand six-fold high iodine groups, which 
included: shortening of microvilli; degranulation and 
dilation of rough endoplasmic reticulum (or even dilated 
into cavity); enlargement and swelling of mitochondrium; 
a decrease in free ribosomes and intercellular junctional 
complex; an increase in secondary lysosome and myelin 
sheath-like structure in the cytoplasm; and chromatin 
aggregation.

Chronic excessive iodine supplementation 
increased the apoptosis of thyroid  
follicular epithelial cells

The discussion about the mechanism of excessive iodine 
supplementation-induced apoptosis remains controver-
sial, there are several viewpoints: (1) molecular iodine 
(intermediate products of oxidation) induces apoptosis 
(Golstein and Dumont, 1996); (2) reactive oxygen species 
(ROS) induce apoptosis (Vitale et al., 2000); (3) Fas–FasL 
induce apoptosis (Tamura et al., 1998; Feldkamp et al., 
1999); (4) inhibition of Bcl-2 expression and an increase 
in Bax expression induce apoptosis (Yang et al., 2000); and 
(5) blocking the cell cycle of G0/G1 and G2/M induces 
apoptosis (Smerdely et al, 1993).

Seven-week-old Wistar rats at normal iodine baseline 
were divided into four different groups and fed on water 
of normal, 1.5-fold, 3-fold and 6-fold iodine levels for  
8 months. Transmission electron microscope, flow cytom-
etry, DNA quantitation and annexin V early apoptosis 
detection technique were combined to evaluate intracel-
lular ROS level; expression of apoptosis-related molecules 
(Fas, FasL, bcl-2, bax) was traced by indirect fluorescent 
stained flow cytometry and immunohistochemistry; quali-
tative and quantitative analyses of cell apoptosis were per-
formed by terminal deoxynucleotidyl transferase mediated 
dUTP nick end labeling (TUNEL) staining.

Our study revealed that apoptosis in thyroids of Wistar 
rats significantly increased when exposed to three-fold and 
six-fold iodine levels for 4 and 8 months, respectively. The 
ratio of G0/1 phase and G2M phase in cell cycle decreased, 
while that of sub-G0G1 phase and S phase increased; total 
apoptosis ratio was also elevated. At the 8th month, as the 
concentration of iodine supplementation increased, the 
expression ratio and intensity of Fas, FasL and TUNEL 
also increased.

Chronic excessive iodine supplementation 
persistently inhibited uptake and organization 
of iodine, thus leading to impaired synthesis 
and release of thyroid hormones

Seven-week-old Wistar rats at normal iodine baseline were 
divided into four different groups and were fed on water 
of normal, 1.5-fold, 3-fold and 6-fold iodine levels for 8 

months. The activity of thyroid peroxidase (TPO) was 
detected by guaiacol and iodide oxidation. Expression of 
the sodium iodide symporter (NIS) in thyroid tissue was 
determined by flow cytometry and immunohistochemistry.

A trend of decreased TPO activity was found in the 1.5-
fold group; the positive ratio of NIS expression showed no 
significant change, while expression intensity decreased 
to 47%–89%. In the three-fold and six-fold groups, the 
higher the iodine concentration in the tissue, the lower the 
TPO activity; overdosed iodine supplementation reduced 
the positive ratio and intensity of NIS expression and the 
membrane expression was transferred to cytoplasm expres-
sion; the ratio of iodine uptake decreased obviously. The 
levels of iodine supplementation were in negative corre-
lation with TPO activity, iodine-uptake and NIS expres-
sion (r   0.62  0.88). Similar results were reported 
from other studies: Stubner reported that 50–120-fold 
high iodine intake for 5 months obviously inhibited TPO 
activity of mice (Qin et al., 1997). Paul reported that  
180-fold high iodine intake for 6 months inhibited the 
expression of TPO mRNA in rats (Fang et al., 2001). 
Farwell’s study showed that exposure to 3–10-fold  
high iodine for 2 months decreased the expression of  
NIS in rats. As Eng et al. (1999) predicted, chronic  
excessive iodine supplementation would persistently  
inhibit TPO and NIS, and this effect would progres-
sively worsen. We speculated that high iodine inhibiting 
uptake and organization of iodine in the thyroid could be 
one of the nonimmune mechanisms of iodine-induced 
hypothyroidism.

Chronic excessive iodine supplementation 
decreased the ability of antioxidation

Synthesis and clearance of free radicals are very active 
in the thyroid. Synthesis of thyroid hormones requires  
oxidation of iodine and iodination of tyrosyl in thy-
roglobulin, wherein TPO and H2O2 synthesis systems 
are involved. Normally, the synthesis and clearance of 
H2O2 are in dynamic equilibrium, but as H2O2 and other 
free radicals are over-produced or accumulated, cellular 
and mitochondrial membrane undergo lipid peroxida-
tion, and finally necrosis and apoptosis. While in iodine  
deficiency, chronic TSH stimulation increases the produc-
tion of H2O2, which results in oxidative damage of the 
thyroid.

Our study explored the oxidative damage due to over-
dosed iodine. Seven-week-old Wistar rats with normal 
iodine baseline were fed on water of normal, three-fold, 
and six-fold iodine levels for 24 weeks. Glutathione perox-
idase (GSH-PX), superoxide dismutase (SOD), malondi-
aldehyde (MDA) and H2O2 in the thyroid were detected. 
Either three-fold or six-fold high iodine supplementation 
decreased the activity of GSH-PX in thyroid, but did 



880 Damage and Disease Due to Iodine Toxicity

not affect the levels of SOD, MDA and H2O2. Bi et al. 
(2000) and Xiang et al. (1999) reported that high iodine 
reduced the SOD level in the blood, brain and thyroid 
tissue, decreased the activity of GSH-Px, but increased 
the amount of lipid peroxidation. An in vitro experiment 
by Vitale et al. (2000) indicated that iodine increased the 
amount of ROS and lipid peroxidation in a dose-dependent 
manner. Thus, we speculated that oxidation would be one 
of the mechanisms of thyroid damage.

Chronic excessive iodine supplementation 
inhibited the activity of 5-deiodinase in  
thyroid and peripheral tissues

Normally only 20% of the serum T3 was synthesized and 
released from the thyroid directly, while the other 80% 
derived from peripheral metabolism (5-deiodination of T4). 
Physical activity of T3 is three to four times that of T4 while 
reverse triiodothyronine (rT3) is 1/20 times that of T4. The 
affinity of T3 to nuclear receptor is 4–10 times that of T4; dei-
odination of the outer ring of T4 (5D) is metabolically active 
while deiodination of the inner ring (5-deiodination) is meta-
bolically inactive. Thus, the 5-deiodination pathway plays a 
very important role in maintaining the homeostasis of T3.

Four-week-old Wistar rats were selected and divided 
into a normal control group, a three-fold iodine group, 
and a six-fold iodine group; the activity of 5D in the thy-
roid, pituitary, liver and kidneys was identified. A trend of 
decreased T3 in the liver and pituitary gland from the high 
iodine group was found when compared with the normal 
control. Short-term high iodine intake was enough to 
lead to decreased activity of 5D1 in noniodine-deficient 
rats; moreover, during the period of high-dose intake sup-
plementation, the activity of 5D1 was kept persistently 
low. Long-term high iodine intake decreased the activ-
ity of 5D2 in the pituitary and that of 5D1 in the liver 
and kidneys, but there was no obvious change of 5D1 in 
the pituitary. Long-term high iodine intake resulted in an 
obvious decrease in the levels of TT3 and an increase in 
TT4 and rT3 in both serum and peripheral tissues. This 
result indicated that excessive iodine induced the lowering 
effects of thyroid hormone in tissues.

High iodine inhibiting the activity of deiodinase was also 
reported by other researchers. Perret et al. (1991) reported 
that amiodarone (45 mg/kg) might reduce the activity of 
5-deiodinase in the liver tissue of rats to 15%. Yang et al. 
(1994) detected decreased activity of 5D in liver tissue 
from Kunming mice after 3 months’ exposure to 3000 g/l 
high iodine water. Guo et al. (2005) observed decreased 
activity of 5D in brain tissue of rats with cretinism when 
fed with potassium iodate of 3000 g/l for 3 months. Safran 
et al. (1986) reported that amiodarone inhibited the activity 
of 5D2 in the pituitary of rats. In vitro studies by Aanderud 
et al. (1984) reported that both inorganic iodine and amio-
darone inhibited the activity of 5D1 in hepatocytes.

effect of chronic excessive iodine and fluorine 
supplementation on morphology and function 
of thyroid follicular epithelial cells

Five-week-old Wistar rats were randomly divided into 
eight groups: excessive fluorine group (three-fold), exces-
sive fluorine group (six-fold), excessive fluorine group  
(12-fold), excessive iodine group (iodine three-fold), exces-
sive iodine group (iodine six-fold), excessive iodine and 
fluorine group (iodine six-fold, fluorine three-fold), exces-
sive iodine and fluorine group (iodine six-fold, fluorine 
six-fold), and excessive iodine and fluorine group (iodine 
6-fold, fluorine 12-fold).

Excessive fluorine supplementation induced the fol-
lowing morphological changes: the area of colloid lumen 
reduced, and the height of epithelial cells and cell nuclei 
increased. Excessive iodine supplementation induced 
enlargement of follicular cavity area and reduction of the 
cellular and nuclear height. Both excessive fluorine and 
excessive iodine could lead to subcellular damage to fol-
licular cells and suppression of thyroid function. However, 
the damage caused by the coexistence of iodine and fluo-
rine overdose was similar to that of excessive iodine intake, 
both morphologically and functionally.

Burke (1970) found that fluorine inhibited the sodium–
potassium pump and resulted in dysfunction of the iodine 
pump indirectly, as well as low iodine uptake, thus decreasing 
serum thyroid hormone levels. Kendall-Taylor (1972) proved 
that fluorine decreased the production of 3–5-cyclic adeno-
sine monophosphate by inhibiting adenylcyclase in the thy-
roid; fluorine also blocked stimulation by TSH. It was also 
reported that fluorine eliminated 131I from the thyroid in  
the form of iodized protein. Few studies were reported on 
synergistic action of iodine and fluorine.

The effect of iodine limitation on thyroid 
morphology, function and apoptosis

Clinical studies revealed that thyroid function recovered 
after iodine limitation in patients with iodine-induced 
hypothyroidism or goiter, but no corresponding animal 
experiments were reported. In our study, 7-week-old Wistar 
rats at normal iodine baseline were divided into five groups 
and fed on water with normal, 1.5-fold, 3-fold, 6-fold and 
20-fold high iodine levels for 8 months. Eight months later, 
the 1.5-fold, 3-fold and 6-fold groups underwent iodine 
limitation for 3 months; the ROS level, ratio of apoptosis, 
thyroid function, morphology and ultramicrostructures 
were recovered which, in other words, implied that chronic 
excessive iodine definitely would be one of the reasons of 
thyroid dysfunction. Unfortunately, these parameters were 
not recovered in the 20-fold group. Hence, it is indicated 
that thyroid damage induced by low-dose iodine supple-
mentation could be reversed by iodine limitation, but that 
induced by high-dose iodine was irreversible.
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Effects of Chronic Excessive Iodine 
Supplementation on Thyroid from 
Wistar Rats at Deficient Iodine 
Baseline
Iodine supplementation at iodine deficient 
baseline may superpose the damages  
to thyroid morphological structure

Four-week-old Wistar rats were fed on low-iodine feed 
for 3 months, and then divided into three groups: nor-
mal iodine, three-fold and six-fold high iodine water, 
respectively, for 8 months. Median urinary iodine excre-
tion and iodine concentration in thyroid tissue decreased 
remarkably, while mass fraction of thyroid (weight of the 
thyroid milligram per 100 g of body weight) increased  
significantly. Diffused hyperplastic goiter was observed 

under the light microscope. Mass fraction decreased grad-
ually after iodine supplementation, but after 8 months’ 
duration, mass fraction of thyroid in all groups was still 
higher than that of the normal iodine control group; hence, 
morphological change was not recovered with iodine supple-
mentation. After the 8-month iodine supplementation, the 
changes to ultramicrostructures in the iodine supplementa-
tion groups were more drastic than those in groups without 
iodine supplementation. The larger the dosage of iodine sup-
plementation, the more distinct are the ultramicrostructure 
changes (Figure 91.2). These phenomena indicated that both 
iodine deficiency and iodine supplementation on iodine defi-
cient baseline could cause damage to the thyroid. In iodine  
deficiency, superfluous H2O2 and oxidant free radicals 
are produced and accumulated in the thyroid, which may 
destroy the membrane structures (such as the endoplasmic 

(a)

(c)

(b)

(d)

Figure 91.2 (a) Electron microscopic view of thyroid cells from Wistar rats given normal iodine water for 8 months. (b) Electron micro-
scopic view of thyroid cells from Wistar rats given iodide deficient water for 8 months. There was dilation and degranulation of the rough 
endoplasmic reticulum and swelling of the mitochondria; the structure of the cell was basically normal. (c) Electron microscopic view of 
thyroid cells from Wistar rats at iodine deficient baseline given one-fold iodine water for 8 months. The endoplasmic reticulum dilated; 
there was degranulation of rough endoplasmic reticulum, the volume of mitochondria decreased, the follicular epithelial cells turned flat, 
there was condensation of the chromatin and the nuclei were irregular. (d) Electron microscopic view of thyroid cells from Wistar rats at 
iodine deficient baseline given three-fold iodine water for 8 months. The changes of the ultramicrostructures were same as the one-fold 
iodine supplementation group, but the damage to the organelles was severe.
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reticulum and mitochondrium). After iodine supple-
mentation, overdosed iodine underwent oxidation or 
organization and produced redundant free radicals, which 
superposed the damage to the thyroid.

Iodine supplementation at iodine deficient 
baseline may have an effect on  
thyroid function

Iodine supplementation at iodine deficient baseline 
increased the levels of iodine, TT4 and TT3 in the thy-
roid significantly, compared with the iodine-deficient con-
trol group. TT4 in peripheral tissue was obviously higher 
than that of the normal control group, while there was 
no significant difference in TT3 levels in peripheral tis-
sue between the iodine supplement group and the normal 
control group. The serum level of TT3 and TT4 increased, 
while TSH levels decreased in the iodine supplement group 
when compared with the iodine-deficient control group. 
There was no significant difference between the iodine  
supplement group and the normal control group.

Iodine supplementation at iodine deficient 
baseline inhibited iodine uptake and 
organization in the thyroid

Wistar rats at iodine deficient baseline were fed on water 
of normal, three-fold and six-fold high iodine level for 8 
months. As the dose of iodine supplement increased, the 
activity of TPO and proteolytic enzymes, the uptake rate of 
iodine, and the expression of NIS decreased and showed a 
negative relationship with the iodine dosage. It can be seen 
that as long as the thyroid underwent iodine deficiency, 
iodine supplementation, even at the optical dosage, would 
inhibit the synthesis and secretion of thyroid hormone.

Iodine supplementation at iodine deficient 
baseline decreased antioxidation

Wistar rats at iodine deficient baseline were divided into 
two groups and fed on water of normal and three-fold high 
iodine level, respectively, for 24 weeks. In the normal iodine 
supplement group, the development of goiter resumed 
partly, but it never reverted to normal size; oxidation 
damage abated; the activity of antioxidation enzyme of 
the thyroid decreased relatively; the ability of integrated  
antioxidation did not decrease, which indicated that iodine 
supplement with normal concentration was safe for iodine-
deficient rats. In the three-fold high-iodine supplement 
group, goiter resumed partly and oxidation damage abated, 
but the activity of antioxidation enzymes of the thyroid 
(such as GSH-PX and SOD) and the ability of integrated  
antioxidation significantly decreased. Hence, three-fold 
high-iodine supplement at iodine deficient baseline in 
Wistar rats might be improper.

Iodine supplementation at iodine deficient 
baseline inhibited the activity of 5-deiodinase 
in thyroid and peripheral tissues

Wistar rats were divided into two groups and fed on water of 
normal and three-fold-high iodine, respectively, for 24 weeks. 
As reported, in iodine deficiency, the thyroid enlarged signifi-
cantly, synthesis and secretion of T3 increased, the activity of 
5-deiodinase in the thyroid and brain increased, while that in 
the liver and kidneys decreased, in order to maintain normal 
T3 in serum and peripheral tissues. When iodine was supple-
mented on deficient baseline, the activity of 5D1 in the thy-
roid was downregulated sharply, which prevented the release of 
overdosed T3 from the thyroid. After iodine supplementation, 
the activity of 5D1 in the liver and kidneys was still inhibited. 
The possible reason could be that the level of inorganic iodine 
and T4 in serum and tissues increased remarkably after iodine 
supplementation, which then inhibited the activity of 5D1 in 
the liver and kidneys. This action decreased the transforma-
tion of T4 to T3 in peripheral tissues; hence, augmentation 
of serum T3 level was avoided. After iodine supplementation, 
the activity of 5D2 in the pituitary gland was downregulated, 
which prevented the augmentation of T3 in peripheral tissues. 
Enlargement of the thyroid resumed partly after iodine supple-
mentation, but would never return to its original size. Long-
term iodine supplementation with optical dosage (one-fold) 
could restore the thyroid hormone levels, while long-term 
three-fold iodine supplementation would result in T4 retention 
in the thyroid.

Effects of Chronic Excessive Iodine 
Supplementation on the Thyroid from 
NOD.H-2h4 Mice at Normal Iodine Baseline

NOD.H-2h4 mice are presently considered as an animal 
model for autoimmune thyroiditis. In 2005, NOD.H-2h4 
mice were introduced from the Jackson Company, USA, 
and raised at the experimental animal center of the China 
Medical University under specific pathogen-free conditions.

effects of chronic excessive iodine 
supplementation on the morphology  
and structure of the thyroid

Five-week-old NOD.H-2h4 mice were divided into four 
groups and fed with normal, 5-fold, 10-fold and 100-fold 
high iodine water for 24 weeks. The normal thyroid of a 
NOD.H-2h4 mouse was of the same size as one seed of mil-
let, pink, soft and about 2 mg in weight. Weight increased 
with age. After iodine supplementation for 8 weeks, the 
weight of the thyroid showed an increasing tendency 
as the level of iodine intake increased. The weight of the 
thyroid had a positive correlation with the level of iodine 
intake (r  0.56–0.88, p  0.05). The enlarged thyroid 
displayed skin color, and its weight could reach as high as 
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20.8 mg, which indicated that chronic iodine excess could 
cause goiter in NOD.H-2h4 mice. Similarly to Wistar rats, 
iodine excess resulted in the retention of colloid in the  
thyroid follicular cavities; meanwhile, the epithelial cells 
flattened and hypofunctional follicles increased.

The ultramicrostructural alterations of the thyroid caused 
by overdosed iodine included a decrease of microvilli, dila-
tion of rough endoplasmic reticulum, vacuolation of 
mitochondria, an increase in peroxidates and secondary lyso-
somes, an increase in myelin-sheath structures in cytoplasm, 
and apoptosis and necrosis of thyroid epithelial cells. In con-
trast to Wistar rats, iodine excess could also cause infiltration 
of lymphocytes and proliferation of fibrous tissue in NOD.
H-2h4 mice, which showed a positive correlation with the 
iodine dose. Similar results were found in other susceptible 
animals (Li et al., 1993; Bagchi et al., 1995). When human 
thyroid cells were cultured with excessive iodine in vitro, 
Many et al. (1992) observed the same phenomenon under 
the electron microscope, such as dilated mitochondria, rough 
endoplasmic reticulum, increased secondary lysosomes, 
apoptosis and necrosis of epithelial cells, and a positive  
correlation between the ratio of apoptosis and iodine.

effects of chronic excessive iodine 
supplementation on thyroid function

As iodine intake increased, there was a decreasing tendency 
of serum TT3 and TT4. However, there was no significant 
difference when compared with the control group. The 
same result was reported by Rasooly, while McLachlan  
et al. (2005) reported that excessive iodine decreased the 
level of serum T4 in NOD.H-2h4 mice.

Chronic excessive iodine induced the onset of 
autoimmune thyroiditis in NOD.H-2h4 mice, and 
the degree of lymphocytes infiltration showed 
a positive correlation with the dosage and the 
duration of iodine supplementation

Consistent with other studies (Bagchi et al., 1985, 1995; Li 
et al., 1993), excessive iodine not only triggered the onset 
of autoimmune thyroiditis, but also enhanced the develop-
ment of inflammation. Our study found that all these effects 
were in positive correlation with the amount of iodine and 
exposure duration. The larger the amount and the longer 
the duration, the higher the incidence of autoimmune thy-
roiditis and the more acute the inflammation (Figure 91.3).

Chronic excessive iodine promoted the 
reactivity of anti-thyroglobulin antibody

Few studies on the relationship between iodine and anti-thy-
roglobulin antibody (TgAb) have been reported; the results 
of CS chicken showed a ratio of positive TgAb but the 
titer was not elevated as iodine supplementation increased 

(Bagchi et al., 1985). However, our study on NOD.H-2h4 
mice revealed that overdosed iodine not only raised the posi-
tive ratio of TgAb, but also enhanced the reactivity of TgAb, 
and these two were found to be positively related with the 
amount and the duration of iodine supplementation. We 
assumed that either the degree of lymphocyte infiltra-
tion or the reactivity of TgAb was relative to the enhanced 
immunogenicity of iodinated-Tg. Our presumption was 
proved by an in vitro experiment by Buerk whose findings 
suggest that iodine contributes to autoimmune thyroidi-
tis in the NOD.H-2 h4 mouse by directly enhancing the  
antigenicity of thyroglobulin (Barin et al., 2005).

effects of chronic excessive iodine 
supplementation on the expression of 
apoptosis-related protein on thyroid epithelial 
cells from NOD.H-2h4 mice

NOD.H-2h4 mice, 7–8 weeks old were divided into four 
groups and fed with normal, 20-fold 100-fold and 1000-
fold high iodine water for 24 weeks. Fas, FasL and FLICE 
inhibitory protein (FLIP) on thyroid epithelial cells and 
infiltration cells were identified.

No obvious apoptosis was identified, no matter whether 
autoimmune thyroiditis were induced or not by excessive 
iodine supplementation.

Fas protein was rarely expressed on thyroid epithelial 
cells from each group, except that increasing Fas expression 
was noticed at the 32nd week in the 1000-fold high iodine 
group. The expression of Fas was related to the duration 
and the dosage of exposure. No FasL expression was found, 
no whether matter autoimmune thyroiditis existed or not. 
FLIP acts as an intracellular apoptosis-suppression protein, 
which can competitively bind to the Fas-associated death 
domain (FADD), the apoptosis-mediated protein in the 
death receptor apoptosis pathway, hence blocking the  
Fas–FasL mediated apoptosis pathway.

Fas/FasL-mediated apoptosis may not be responsible 
for thyroid cell damage in NOD.H-2h4 mice with autoim-
mune thyroiditis, which may contribute to species differ-
ence. Bluther et al. (1999) found an obvious higher mRNA 
expression of Fas/FasL in thyroid from BB/W rats with 
experimental autoimmune thyroiditis (EAT), a finding that 
supported the conclusion that cell apoptosis accounted for 
thyroid tissue damage, over-expressed Fas on thyroid cells 
in EAT rats, combined with FasL on lymphocytes, and 
finally led to thyroid apoptosis and damage.

effects of chronic excessive iodine 
supplementation on the expression of 
apoptosis-related protein on infiltrated 
lymphocytes in thyroid from NOD.H-2h4 mice

Fas protein was often detected on lymphocytes infiltrated 
in the thyroid from NOD.H-2h4 with autoimmune thyroiditis.  



884 Damage and Disease Due to Iodine Toxicity

The more serious the degree of lymphocyte infiltration, the 
higher the spectro-intensity of Fas protein. FasL was also 
positively detected on some of the lymphocytes, mainly 
expressed in cytoplasm in a scattered or fragmented way, and 
its corresponding intensity and extent of expression was obvi-
ously weaker than those of Fas protein. Similarly with Fas 
protein, FasL increased as iodine supplementation increased. 
Weaker than Fas but stronger than FasL expression, FLIP 
was also detected on lymphocytes in NOD.H-2h4 mice with 
autoimmune thyroiditis. The accumulated spectro-intensity 
of FLIP increased with increased iodine supplementation.

The expression of FLIP as an apoptosis-suppression 
protein may explain why there was no obvious apoptosis 
of infiltrated lymphocyte detected in the thyroid of NOD.
H-2h4 mice with autoimmune thyroiditis. Some research-
ers claimed that activated T lymphocytes, B lymphocytes, 
and monocytes resisted the lethal effect of Fas–FasL path-
way by expression of FLIP (Perlman et al., 1999; Wang 

et al., 2000). Meanwhile, FLIP helped to elevate the sur-
vival and growth ability of tumors (Medema et al., 1999; 
Djerbi et al., 1999). FLIP were also expressed by acti-
vated lymphocytes and attributed to aggregation in some 
other autoimmune diseases, such as rheumatoid arthritis 
and multiple sclerosis (Perlman et al., 2001; Semra et al., 
2001). It indicated that lymphocytes resisted FasL-mediated 
apoptosis by expressing FLIP in autoimmune thyroiditis, 
which resulted in a chronic inflammation status.

Effects of Chronic Excessive Iodine 
Supplementation on the Thyroid from 
NOD.H-2h4 Mice at Deficient Iodine 
Baseline
Five-week-old NOD.H-2h4 mice were exposed to low-
iodine-containing feedstuff for 4 months, and then were 
randomly divided into four groups for 4 months: 5-fold 

(a)
(b)

(d)(c)

Figure 91.3 (a) Light microscopic view of thyroid follicles from NOD.H-2h4 mice given normal iodine water for 29 weeks; HE stain 
100. (b) Light microscopic view of thyroid follicles from NOD.H-2h4 mice given five-fold iodine water for 24 weeks; HE stain 100. In 
the thyroid gland, the laminated shape lymphocyte infiltrated, the follicle cavity was filled with colloid, the partial follicles mutually fused, 
and the follicle structure disarranged. (c) Light microscopic view of thyroid follicles from NOD.H-2h4 mice given 10-fold iodine water for 
24 weeks; HE stain 100. There were several areas of lymphocyte infiltration in the thyroid. The structure of the follicle was disarranged 
obviously at the location where lymphocytes infiltrated, but was intact where nonlymphocytes infiltrated. (d) Light microscopic view of 
thyroid follicles from NOD.H-2h4 mice given 100-fold iodine water for 24 weeks; HE stain 100. Diffused lymphocyte infiltration was 
obvious in the 100-fold iodine water group. Either the degree of lymphocyte infiltration or the disarrangement of follicle structure was 
more serious in the 100-fold iodine water group than in the 10-fold group.
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high iodine, 10-fold high iodine, 100-fold high iodine, and 
1000-fold high iodine group. It has been proven that the 
thyroid from Wistar rats fed with low-iodine-containing 
feedstuff showed diffused hyperplasic goiter: diminished 
follicular cavity or closure; few colloids in the cavity; high 
columnar epithelial cells; vascular proliferation; and fibro-
sis. But no such phenomenon was observed in NOD.H-
2h4 mice exposed to low-iodine conditions, and there was 
no difference in tissue morphology when compared with 
the normal control. Hence, NOD.H-2h4 mice were not 
sensitive to iodine deficiency. However, excessive iodine 
supplementation on deficient baseline would destroy the 
follicular structure and the ultramicrostructure of epithe-
lial cells, and this damage was in positive correlation with 
the dose of iodine supplementation.

Compared with normal baseline, iodine supplementa-
tion at deficient iodine baseline aggravated the development 
of autoimmune thyroiditis. For example, the incidence of 
autoimmune thyroiditis was 66% when normal baseline 
NOD.H-2h4 mice were fed on five-fold-high iodine water 
for 6 months, while that of iodine deficient baseline was 
60% after exposure to five-fold-high iodine water for only 
4 months. Many et al. (1995) reported that with exposure 
to 100-fold-high iodine supplementation, lymphocyte infil-
tration appeared after 96 days in normal NOD mice com-
pared with 4 days in the iodine deficient baseline group. 
It indicated that iodine deficiency of the thyroid was more 
vulnerable to the threat of excessive iodine.

Our experimental study was intended to explore various 
effects of chronic excessive iodine intake on the thyroid 
in vivo. It has been shown that chronic excessive iodine 
supplementation led to goiter or retention of colloid in a 
dose-dependent way; destroyed the follicular structure; 
inhibited iodine uptake and organization; decreased the 
ability of antioxidation; induced apoptosis; inhibited the 
activity of 5-deiodinase in both thyroid and peripheral 
tissues; induced and aggravated the onset and develop-
ment of autoimmune thyroiditis; and superposed damage 
on the thyroid at iodine deficient baseline. These results 
were consistent with our epidemiological findings that 
excessive iodine intake would induce autoimmune thy-
roiditis and hypothyroidism. At present, as a universal salt 
iodization policy is popular all over the world, iodine defi-
ciency has been gradually controlled. However, recent epi-
demiological data indicate that excessive iodine also causes 
thyroid diseases, especially autoimmune thyroiditis and 
hypothyroidism. Thus, both deficiency, and excess should 
be avoided. How to control the level of iodine intake in 
order to not only prevent iodine deficiency, but also avoid 
iodine excess is the main objective for prevention of iodine 
deficiency disorders at the moment.

Summary Points

l Chronic excessive iodine supplementation could cause 
goiter or retention of colloid in the thyroid.

l Chronic excessive iodine supplementation could 
destroy the structure of thyroid follicular cells in a 
dose-dependent way.

l Chronic excessive iodine supplementation could inhibit 
the uptake and organization of iodine, and impair the 
synthesis and secretion of thyroid hormones.

l Chronic excessive iodine supplementation could 
decrease the antioxidation ability of the thyroid.

l Chronic excessive iodine supplementation could induce 
apoptosis of thyroid cells in Wistar rats, but rarely in 
NOD.H-2h4 mice; the Fas–FasL pathway may not be 
responsible for the mechanism of iodine-induced apop-
tosis of thyroid cells from NOD.H-2h4 mice.

l Chronic excessive iodine supplementation could inhibit 
the activity of 5-deiodinase in thyroid and peripheral 
tissues.

l Chronic excessive iodine supplementation could induce 
and aggravate the onset and development of autoim-
mune thyroiditis in NOD.H-2h4 mice.

l Iodine deficiency would cause thyroid damage, while 
iodine supplementation at deficient iodine baseline 
could superpose this damage to the thyroid; iodine 
supplementation at deficient iodine baseline would 
accelerate the development of autoimmune thyroiditis, 
when compared with that at normal iodine baseline.

l Coexistence of excessive iodine and fluorine only  
demonstrated the damage caused by iodine excess.
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Abstract

Iodine-induced hyperthyroidism (IIH) is primarily observed 
in regions with iodine deficiency after excessive iodine intake 
by the administration of iodine-containing drugs, such as 
amiodarone or radiographic contrast media. Moreover, the 
increment in mean iodine intake because of iodization pro-
grams can lead to a transient increase in hyperthyroidism. 
Even though the incidence of IIH is low, complications can 
be severe and life-threatening. In iodine-deficient regions, 
elderly patients and women have shown a higher risk for 
IIH. IIH occurs mostly in patients with suppressed TSH 
and/or nodular goiter. Euthyroid nodular goiters have fre-
quently been shown to contain small hot areas detectable 
by autoradiography, which consist of clones of thyroid cells 
with somatic constitutively activating TSH-receptor muta-
tions. These early stages of hot thyroid nodules most likely 
predispose to IIH and can be exacerbated by large doses 
of iodine. Increased intrathyroidal iodine concentrations 
also lead to increased antigenicity of iodinated thyroglobu-
lin, and thereby to the precipitation or aggravation of the 
intrathyroidal autoimmune process in Graves’ disease or pre-
clinical Graves’ disease. To prevent IIH, patients undergoing 
investigations with iodine-containing contrast agents should 
be investigated for suppressed TSH, goiter, a history and 
family history of thyroid disorders to try to identify patients 
at risk for IIH. These patients should receive a prophylactic 
treatment with perchlorate and/or methimazole. However, 
it will most likely not be possible to identify all patients at 
risk for IIH with these parameters. In the case of manifested 
IIH, treatment with antithyroid drugs will often fail and 
thyroidectomy will be the treatment of choice in these cases.

Abbreviations

AIT Amiodarone-induced thyrotoxicosis
DIT Diiodothyronine

fT3 Free triiodothyronine
fT4 Free tetraiodothyronine
IIH Iodine-induced hyperthyroidism
MIT Monoiodothyronine
MMI Methylmercaptoimidazole
PTU Propylthiouracil
RR Relative risk
rT3 Reverse triiodothyronine
T3 Triiodothyronine
T4 Tetraiodothyronine
Tg Thyroglobulin
TPO Thyroid peroxidase
TSH Thyroid-stimulating hormone
WHO World Health Organization

Introduction

Thyrotoxic symptoms after iodine treatment in a previ-
ously euthyroid person were first described by Coindet in 
1821. In 1910, Kocher introduced the term Jod-Basedow 
for this phenomenon.

In 1928 Plummer proposed two origins of thyrotoxi-
cosis: a diffuse hyperplasia responding to iodine intake, 
or alternatively arising in nodular goiter. In 1973, it was 
first suggested by Vidor et al. (1973) that pre-existing thy-
roid autonomy plays a crucial role in the pathogenesis of 
iodine-induced hyperthyroidism (IIH).

A normal thyroid gland is able to adapt to decreased 
iodine supply by more efficient iodine handling. A large 
goiter may be interpreted as a genetically determined 
maladaptation to iodine deficiency (Dumont et al., 1995; 
Krohn et al., 2005). It is known that toxic multinodular 
goiters are more frequent in iodine-deficient regions as 
compared to iodine-replete regions (Laurberg et al., 1991). 
In patients with hot thyroid nodules or Graves’ disease, 
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or in those patients with subclinical thyroid abnormali-
ties, an excessive iodine intake may lead to aggravation of 
 hyperthyroidism or IIH.

High doses of iodide can also transiently block thyroid 
hormone synthesis through inhibition of the organifica-
tion process. This is known as the Wolff–Chaikoff effect. 
In certain susceptible individuals the thyroid cannot 
escape from the transient inhibitory effect of iodide on 
the organification mechanism. As a result, hypothyroidism 
may develop after prolonged excess iodide administration. 
The hypothyroidism is usually transient and thyroid func-
tion returns to normal after iodide withdrawal.

The risk of IIH is estimated to be low, but thyrotoxic com-
plications can be severe and life-threatening. In France, 6% 
of all cases of thyrotoxicosis were considered to be due to IIH 
(Stanbury et al., 1998a, b). Various factors, such as iodine  
deficiency of a population, the kind and amount of iodine 
intake, pre-existing thyroid diseases, or age and gender of 
the patients influence the incidence of IIH. In Germany, 
more than a three-fold increased incidence of thyrotoxicosis 
was observed after the introduction of iodized salt (Deckart 
et al., 1990).

Therefore, it is necessary to devise suitable diagnos-
tic programs to prevent IIH and life-threatening iodine-
induced thyroid storm, and it is necessary to accompany 
iodization programs with sufficient medical monitoring.

Iodine deficiency is a common problem worldwide, espe-
cially in numerous mountainous regions, in central Africa, 
central southern America and northern Asia. According 
to the World Health Organization (WHO) estimations, 
about 2 billion people suffer from iodine deficiency 
(WHO, 2001). About 12% of the population of the world 
are affected by goiter (Delange et al., 1999). Therefore, 
the WHO published recommendations to prevent iodine 
deficiency disorders and in many countries the iodiza-
tion of table salt was introduced by law (Delange et al., 
1999; Mostbeck et al., 1998; Wolff, 1998). Iodization 
of table salt is a simple and effective method to prevent 
endemic goiter and hypothyroidism, but the side effects of 
iodization in iodine-deficient regions, such as thyrotoxicosis,  
must be considerd.

Frequency of Iodine-Induced 
Hyperthyroidism

The frequency of IIH depends on various factors, e.g., 
the amount of iodine supply in a population, the kind of 
iodine intake, pre-existing thyroid diseases and the age of 
the patients.

Different methods of iodine intake

Nutrition In Austria, a known area of iodine deficiency and 
endemic goiter, a multicenter study was done to evaluate the 

effects of salt iodization on the incidence of hyperthyroidism 
over a period of 9 years. Immediately after the increase in  
iodization there was a significant increase in hyperthyroidism 
(relative risk, RR, 1.5 in patients with intrinsic thyroid auton-
omy and RR 2.2 in patients with Graves’ disease). Patients 
older than 50 years had a higher RR (1.45) than younger 
patients (1.11). In Graves’ disease the RR was not age-
dependent (Mostbeck et al., 1998).

Taken together, the annual incidence of both described 
types of hyperthyroidism before iodization was 70.1 per 
100 000, which increased immediately after iodization to 
108.4 per 100 000. Five years later a decline in the annual 
incidence was observed to be 92.3 per 100 000. [For compar-
ison: the incidence of spontaneous hyperthyroidism in areas 
with adequate iodization is much lower (30 per 100 000).]

The described decline in hyperthyroidism corresponds 
with observations in Bern (Switzerland), where the inci-
dence of solitary autonomous nodules decreased from 30% 
to 17% within 9 years after salt iodization (Als et al., 1995).

Drugs The most common source of iodine excess in the 
United States is amiodarone, a widely used antiarrhythmic 
drug. Amiodarone contains 37% iodine and shows a struc-
tural similarity with the thyroid hormones triiodothyro-
nine (T3) and tetraiodothyronine (T4) (Hörmann, 2004; 
Kennedy et al., 1989; Martino et al., 2001).

Two hundred milligrams of amiodarone contains 75 mg 
of iodine. Patients treated with the common daily dose 
of 200 mg amiodarone, get a load of 7 mg free iodide/
day, which is 35-times the daily recommended iodine 
dose. Amiodarone is lipophilic and concentrates in adi-
pose tissue, cardiac and skeletal muscle, and in the thy-
roid (Daniels, 2001). The amiodarone plasma half life is 
approximately 52  23 days (Hörmann, 2004). Typical 
changes in thyroid function are an increase in serum 
T4 and reverse triiodothyronine (rT3), and a decrease 
in serum T3 concentrations related to the inhibition of 
5-deiodinase-activity, resulting in a decrease in the gen-
eration of T3 from T4 and a decrease in the clearance of 
rT3 (Martino et al., 2001) and an inhibition of T3 recep-
tor binding and action (Daniels, 2001).

Amiodarone-induced hyperthyroidism seems to be more 
common in males than in females and can be found in up 
to 15% of treated patients, especially in iodine-deficient 
areas (Kennedy et al., 1989). A comparison between the 
incidences of thyroid dysfunction in areas with low iodine 
intake, such as Tuscany (Italy), with that in an iodine-
replete area, such as Massachusetts (USA), showed the fol-
lowing distribution: hyperthyroidism was more common in 
Tuscany, with an incidence of 9.6%, than in Massachusetts, 
with an incidence of 2% (Martino et al., 1984). However, 
amiodarone-induced hypothyroidism is a more common 
problem in areas with iodine-repletion: 22% incidence in 
Massachusetts vs. 5% in Tuscany (Martino et al., 1984). 
Amiodarone-induced hypothyroidism is often found in 
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patients with pre-existing Hashimoto’s thyroiditis and in 
patients with positive thyroid autoantibody tests (Martino 
et al., 2001).

Amiodarone-induced thyrotoxicosis (AIT) is subdivided 
into:

 (i) AIT I with an excessive synthesis of thyroid hormones 
in preexisting thyroid abnormalities, such as diffuse or 
nodular goiter and latent Graves’ disease;

 (ii) AIT II with an amiodarone-related destructive thy-
roiditis, where preformed thyroid hormones are 
released from the damaged follicular cells; and

(iii) mixed forms (Martino et al., 2001).

The relative prevalence of the two forms of AIT 
depends on the amount of iodine intake. In iodine- 
sufficient areas such as Japan, with low incidences of toxic 
nodular goiter, only AIT II is observed. To distinguish 
between the two types of AIT, color-flow Doppler sonog-
raphy may be helpful, because of the higher vascularization 
in type I.

Radiographic Contrast Media Studies on the inci-
dence of hyperthyroidism after the application of 
iodine-containing contrast media show a wide range of 
incidences and the known variation of hyperthyroidism 
frequency according to the grade of iodine supply in the 
examined population. In Germany, an iodine-deficient 
country, among 1177 coronary angiographies with admin-
istration of radiographic contrast media, four cases of IIH 
occurred. This corresponds to an incidence of 0.34%. In 
contrast, in the Netherlands, an iodine-replete country, 
the incidence of contrast media-induced hyperthyroidism 
is reported as 0.028% (Rendl and Saller, 2001).

Radiographic contrast agents contain a large amount 
of iodine. For example, iopramide, a widely used contrast 
agent in coronary angiography, contains 370 mg iodine/ml 
(Fassbender et al., 2001; Lawrence et al., 1999). Considering 
the high frequency of administered iodine-containing 
contrast agents the risk of suffering from IIH seems to be 
relatively low, although thyroid function parameters are sig-
nificantly altered. However, if IIH occurs, especially in eld-
erly (and multimorbid) patients, the complications are severe 
and often life-threatening (Rendl and Saller, 2001).

In iodine-deficient regions, free tetraiodothyronine 
(fT4) increases, especially in multinodular goiters, whereas 
thyroid-stimulating hormone (TSH) levels decrease sig-
nificantly, especially in multinodular and diffuse goiters 
(Fassbender et al., 2001). The more contrast agent was 
used, the more urinary iodine excretion was measured. 
These observations are probably due to the fact that the 
thyroid transport mechanism for iodine is not saturated 
by high-iodine plasma concentrations (Fassbender et al., 
2001). The concentration of total T3 remains constant 
(Fassbender et al., 2001). However, TSH levels decrease in 

patients with and without goiters, which provides evidence 
that autonomous glands produce more thyroid hormones 
after iodine application.

To prevent IIH, gadolinium seems to be a helpful alter-
native contrast agent for cardiac interventions when  
iodine-containing agents are contraindicated (Matuszczyk 
et al., 2006).

Surprisingly, in euthyroid nongoitrous patients with-
out thyroid disorders, a transient phase of subclinical 
hypothyroidism was observed a few days after the appli-
cation of iodine-containing contrast agents. Some patients 
(nearly 20%) showed TSH values above the upper range, 
free triiodothyronine (fT3) and fT4 remained unaffected. 
Interestingly, these patients were those who had the highest 
basal TSH values (within normal range above 2.0 U/ml) 
before iodine application (Gartner and Weissel, 2004).
These patients are at high risk of developing subclinical 
hypothyroidism.

Radionuclide Agents Radioactive iodine is the treatment 
of choice for most patients with Graves’ disease and toxic 
nodular goiter. This treatment results in hypothyroidism 
in virtually all patients. However, there is a potential risk 
of postradioiodine exacerbation of hyperthyroidism due to 
radiation-related thyroiditis (Cooper, 2003). Within the first 
2 weeks after radioiodine application thyroid epithelial cells 
show swelling and edema, and become necrotic. A disrup-
tion of cytoarchitecture is visible with infiltration of leuko-
cytes (McDermott et al., 1982). A significant increase in T3 
and T4 was observed 24–48 h after radioiodine administra-
tion. Patients with thyroid storm showed markedly elevated 
levels of fT3 and T4, probably because of an acute decrease 
in thyroid-binding proteins. There was no relationship 
between the dose of radioiodine and the magnitude of the 
increase in levels of thyroid hormones after isotope therapy 
(McDermott et al., 1982). The precise frequency of postra-
dioiodine hyperthyroidism still remains unknown, but was 
estimated at 10% (Tamagna et al., 1979).

Topical Application Substances with a saturated solu-
tion of potassium iodine are used for topical application 
to skin or mucosal surfaces. IIH has been repeatedly men-
tioned in case reports, when iodine-containing disinfec-
tions were applied to open wounds or for intraperitoneal  
lavage (Mumenthaler and Aeberhard, 1982; Skare and 
Frey, 1980).

Pathogenesis of Iodine-Induced 
Hyperthyroidism

The role of iodine in the synthesis of thyroid 
hormones

Metabolism and Transport of Iodine Iodide, supplied 
by food, is bound to serum proteins, especially to albumin. 
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Uncoupled iodide is excreted via the urine (70%) and a 
minor part is excreted via the gastrointestinal system.

The synthesis of thyroid hormones occurs in several 
steps. At first, inorganic iodide is actively concentrated 
by thyroid follicular cells by the sodium iodide sym-
porter. Low iodide levels stimulate the intake of iodide 
via increased expression of the sodium iodide symporter. 
Iodide is mostly coupled to tyrosine residues of thyroglob-
ulin (Tg) and stored extracellularly in the follicular lumen.

Iodination, Coupling, Storing and Releasing of  
Thyroid Hormones After oxidation to iodine 
(iodination) it is bound to tyrosine residues of Tg, thus 
forming monoiodothyronine (MIT) or diiodothyronine 
(DIT). MIT and DIT are coupled to form T3 or thyrox-
ine (T4). Both iodination and coupling occur at the api-
cal membrane of the thyroid follicular cell and within the 
Tg molecule, and are catalyzed by the enzyme thyroid 
 peroxidase (TPO).

TPO is a hemoprotein enzyme with binding sites for both 
iodine and tyrosine. In model systems, TPO has no catalytic 
activity in the absence of H2O2. TPO degrades H2O2 in a 
catalase-like reaction releasing O2. Several iodination inter-
mediates were postulated for this reaction, for instance TPO-
bound iodinium (I) and TPO-bound hypoiodite (I).

T3 and T4 are stored in the follicular lumen bound 
to Tg. The re-entry of Tg into the thyroid follicular cell 
involves a macropinocytosis process. Thyroid hormones 
are released after proteolysis of Tg.

Type I and type II 5-deiodinase generate the active hormone 
T3 by reductive deiodination of the phenolic ring of T4.

Risk factors of iodine-induced hyperthyroidism

The risk for IIH depends on many factors. Some of them 
have already been discussed above. The greatest influence 
is due to the level of iodine supply in a population. Other 
environmental factors, such as smoking, have been pro-
posed as risk factors for developing goiters due to increased 
thiocyanate levels in smokers exerting a competitive inhib-
itory effect on iodide intake and organification, especially 
in iodine-deficient areas (Krohn et al., 2005).

Iodine-Deficient Regions The risk of IIH is determined 
by the extent of iodine deficiency, which is defined as urine 
iodine excretion of less than 100 µg iodine/g creatinine.

A comparative epidemiological study of thyroid abnor-
malities in relation to the level of iodine intake was done 
in Iceland (high-iodine intake, 300 g/day) and Jutland/
Denmark (low iodine intake, 40–70 g/day) (Laurberg  
et al., 1998).

Abnormalities in thyroid function were common in 
both areas, but they developed in opposite directions: 
in Jutland, there was a high prevalence of goiters and 
undiagnosed hyperthyroidism. The incidence of diagnosed  

hyperthyroidism caused by multinodular toxic goiter 
was significantly elevated (over half the new cases of 
hyperthyroidism).

In contrast to Jutland, the incidence of diagnosed hyper-
thyroidism in Iceland was very low, but subclinical hypothy-
roidism was very common. The incidence of all causes of 
hyperthyroidism was lower in Iceland than in Jutland (about 
25 per 100 000 per year vs. 40 per 100 000 per year).

It was demonstrated that thyroid autonomy due to 
toxic multinodular goiter accounts for up to 60% of all 
cases of thyrotoxicosis in iodine deficiency. In contrast, 
thyroid autonomy is rare in iodine-sufficient areas (3–10% 
of all cases of thyrotoxicosis) (Krohn et al., 2005; Laurberg  
et al., 1991, 1998).

Preexisting Thyroid Abnormalities
Thyroid Autonomy Activating mutations of the TSH 
receptor are the most common known molecular etiology 
of thyroid autonomy. They were found in up to 70% of 
toxic thyroid nodules (Krohn et al., 2005).

In iodine-deficient subjects autonomous areas could be 
detected by scintigraphy in more than 40% of euthyroid 
goiters (Bähre et al., 1988). Moreover, as shown in Figure 92.1 
TSH receptor mutations were identified in small autora-
diographically labeled hot areas of euthyroid goiters (Krohn 
et al., 2000). Euthyroid goiters in iodine-deficient regions 

B
B

A

A

(I) (II)

Somatic TSH-receptor mutations in
euthyroid goiters from iodine deficiency regions

Figure 92.1 TSH receptor mutations. Autoradiograph showing 
125iodine-labeled thyroid tissue from a euthyroid goiter. (I) Lower 
magnification showing areas with high, medium and low 125iodine 
incorporation. DNA was extracted from thyroid tissue with high 
(area A) and low (area B) 125iodine incorporation. After PCR ampli-
fication, a part of the TSH receptor was sequenced. A mutation in 
the TSH receptor (F63 I L) was detected in area A. (II) Higher mag-
nification of the section in I shows a number of small follicles highly 
labeled with 125iodine. Modified according to Krohn et al., (2000).
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commonly contain small autonomous regions. Therefore, 
iodine intake in pharmacological doses can exacerbate hyper-
thyroidism even in patients with normal TSH.

The current understanding of the pathophysiological 
mechanisms leading to toxic multinodular goiter are sum-
marized in Figure 92.2 (modified according to Krohn et al., 
2005). The starting point for the development of multi-
nodular goiter is hyperplasia induced by goitrogenic stimuli 
(e.g., iodine deficiency) in genetically susceptible individu-
als. Iodine deficiency increases mutagenesis directly (pro-
duction of H2O2/free radicals) or indirectly (proliferation 
and increased number of cell divisions). Subsequently, these 
mechanisms will lead to the formation of cell clones. Some 
of them contain somatic mutations of TSH-R leading to 
autonomously functioning thyroid nodules (red spots) or 
they contain mutations that lead to dedifferentiation and 
therefore cold thyroid nodules or cold adenoma (blue 
dots). The further growth of the small hot cell clones will 
lead to progressive suppression of the normal surrounding 
thyroid tissue, progressive suppression of TSH and finally 
overt hyperthyroidism as outlined in Figure 92.3.

Adaptation by more
efficient iodine

clearance, trapping,
metabolism, and
increased gene

expression
Single cells with

somatic mutations

Genetic susceptibility

Goiter with cell
clones containing a
somatic mutation

Expansion of cell clones
with advantageous

mutations leading to
hot (or cold) nodules

Impaired hormone
synthesis

H2O2 ?
Free radicals ?

Proliferation Mutagenesis

Hyperplasia

Iodine deficiency

Figure 92.2 Hypothesis for the pathomechanisms leading to toxic multinodular goiter. The starting point for the development of multi-
nodular goiter is hyperplasia induced by goitrogenic stimuli (e.g., iodine deficiency) in genetically susceptible individuals. Iodine defi-
ciency increases mutagenesis directly (production of H2O2/free radicals) or indirectly (proliferation and increased number of cell divisions). 
Subsequently, these mechanisms will lead to the formation of cell clones. Some of them contain somatic mutations of the TSH-receptor 
leading to autonomously functioning thyroid nodules, others contain mutations that primarily lead to dedifferentiation and therefore cold 
thyroid nodules. Modified according to Krohn et al., (2005).

Normal

Normal

TSH

Development of thyroid autonomy

Suppressed

High

Nodular growth

Thyroid scintiscan

Thyroid hormones

Figure 92.3 The evolution of hyperthyroidism due to thyroid 
autonomy. The steady growth of the small autonomous areas will 
lead to progressive scintigraphic visibility, progressive TSH sup-
pression, and finally hyperthyroidism with increased fT3 and fT4.
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Graves’ Disease An excess iodine intake may exacer-
bate Graves’ disease. Apart from the effects on thyroid 
hormone synthesis as described above, this is most likely 
also due to stimulation of the intrathyroidal autoimmune 
process, as shown in several animal models. Moreover, a 
study in Graves’ disease patients treated preoperatively 
with high-iodine doses showed a significant increase in the 
number of kappa and lambda positive lymphocytes and 
of antigen-presenting cells which are the major source of 
TSH-receptor antibodies. There was no significant increase 
in activated T-cells (Paschke et al., 1994).

In iodine-depleted mice an increase of intrathyroi-
dal dendritic cells and macrophages in animals treated 
with low doses of iodine was demonstrated. The applica-
tion of higher doses of iodine induced thyroid epithelial 
cell necrosis and an inflammatory reaction (Paschke et al., 
1994). However, different environmental factors, such as 
dietary iodine intake (see above), smoking, or life stress 
were also shown to trigger the development of Graves’ dis-
ease in genetically susceptible patients (Cooper, 2003). IIH 
may also occur in patients with Graves’ disease in remis-
sion after previous antithyroid therapy, or in patients with 
subclinical Graves’ disease (Bülow Pedersen et al., 2006).

Age As described above, euthyroid multinodular goiter 
is a risk factor for IIH. Moreover, autonomous thyroid 
nodules are more common in elderly people with long- 
standing low iodine intake (Bülow Pedersen et al., 2006; 
Krohn et al., 2005; Laurberg et al., 1998). Multinodular 
goiters are present in 23% of a population aged 41–71 
years in a borderline iodine-deficient area. Their incidence 
increases further with higher age in females from 20% to 
46%, as well as in males from 7% to 23% (Krohn et al., 
2005). In contrast, patients with autoimmune disorders, 
such as Graves’ disease, are mostly much younger (40 
years) at the time of diagnosis (Mostbeck et al., 1998).

Gender In comparative studies, in patients with multi-
nodular toxic goiter and sporadic nontoxic goiter, the 
incidence of goiters was higher in females than in males 
(Berghout et al., 1990). Moreover, an inherited predisposi-
tion for sporadic nontoxic goiters was related to female sex 
(Mostbeck et al., 1998).

In autoimmune thyroid diseases, a marked gender dif-
ference in prevalence is reported with a 5- to 10-fold 
excess in females (Manji et al., 2006; Rendl and Saller, 
2001). A significant family clustering of Graves’ disease 
or Hashimoto’s thyroiditis was observed in 40–50% of 
patients, who reported another family member with thy-
roid disorders (Manji et al., 2006).

In Austria patients with hyperthyroidism, classified as 
autoimmune thyroid disorders or thyroid autonomy, were 
studied before and after increased iodine supply. Toxic 
multinodular goiter showed an increased incidence in 
females (30–40%) compared to males (20–30%), whereas 

no significant gender differences were observed in Graves’ 
disease (Krohn et al., 2005; Mostbeck et al., 1998). The 
RR of thyroid autonomy after the start of the iodization 
program was higher in males than in females, whereas 
in Graves’ disease no relationship to gender was seen 
(Mostbeck et al., 1998).

Amount of Iodine Intake The amount and duration of 
iodine ingestion have been shown to influence the devel-
opment of IIH. Thus, large amounts of iodine may cause 
IIH even after a very short time period (Livadas et al., 
1977). However, the thyroid gland is able to handle long-
lasting increases in iodine intake (Kahaly et al., 2006; 
Martino et al., 2001).

In radiographic contrast media, the content of free 
iodide is between 0.5 and 36 g/ml contrast media. This 
corresponds to 0.1–0.01‰ of the content of bound 
organic iodine in contrast media. The new generations of 
contrast media contain 0.5–2.5 g free iodide/ml contrast 
media. An intravenous injection of 100 ml contrast media 
leads to a load of 50–250 g free iodide.

However, after the application of contrast media a signifi-
cant increase in serum-free iodine concentration, which is 
much higher than the given amount of free iodine, can be 
observed. This is most likely due to an endogenous uncou-
pling of the bound iodine. Therefore, due to these mecha-
nisms, a load of 5–6 mg free iodine/day is induced by the 
administration of 100 ml contrast media (Rendl and Saller, 
2001). Within 1 week the total amount of iodine increases 
to 30–40 mg (Rendl and Saller, 2001). This large amount of 
free iodine may induce thyrotoxicosis in patients with sub-
clinical thyroid autonomy or preclinical Graves’ disease.

Amiodarone is mostly given in a daily dose of 200 mg. 
This dose contains about 7 mg iodine which amounts to 
35-times the daily recommended dietary iodine supply. A 
healthy thyroid gland compensates this overdose of iodine 
(Wolff–Chaikoff effect). However, patients with (subclini-
cal) thyroid autonomy (in a euthyroid goiter in an iodine-
deficient region) or subclinical thyroid autoimmune 
disease are very susceptible to IIH because this autoregula-
tory mechanism is disturbed.

Iodine-induced thyrotoxicosis in apparently normal 
thyroid glands has been reported in two patients after 
exposure to 2–10 mg iodine daily for 2–12 months before 
thyrotoxicosis was diagnosed. Although the pathogenesis 
of this kind of IIH remains obscure, the positive family 
history for thyroid disease in both patients may indicate 
a latent abnormality of their thyroid glands (Skare and 
Frey, 1980). Moreover, 10 further cases of iodine-induced 
thyrotoxicosis in apparently normal thyroid glands have 
been reported (Savoie et al., 1975). In contrast, a more- 
than-adequate or excessive iodine intake may lead to 
hypothyroidism and autoimmune thyroiditis, as shown 
in China in areas with more than adequate and excessive 
iodine consumption (Teng et al., 2006).
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Prevention of Iodine-Induced 
Hyperthyroidism

Diagnostic Procedures before Iodine Intake

It is not possible to predict consistently which patients will 
develop IIH. However, at least the following three known 
risk factors should be investigated before every increased 
iodine intake:

 (i) the patient’s history and his family history for thy-
roid disorders including signs and symptoms of overt 
hyperthyroidism (elderly patients have less obvious 
symptoms and signs of hyperthyroidism);

 (ii) a suppressed serum TSH; and
(iii) a palpable (nodular) goiter.

Normal TSH excludes the diagnosis of hyperthyroidism. 
However, it does not necessarily exclude small autonomous 
areas in a (nodular) goiter. Larger autonomous areas may 
be detectable by scintigraphy in patients with palpatory 
thyroid nodules or goiter and thus at increase risk for IIH 
in formerly iodine-deficient areas.

It must be noted that not every TSH suppression is due 
to hyperthyroidism. Low TSH can also be caused by severe 
illnesses, by drugs, such as dopamine, or high doses of glu-
cocorticoids via suppression of secretion of TSH from the 
pituitary gland. Twenty percent of healthy women show low 
TSH levels at the end of the first trimester of pregnancy.

Overt hyperthyroidism is defined by suppression of 
TSH and elevation of free thyroxine and T3. Subclinical 
hyperthyroidism is defined by suppression of TSH, but 
normal values of free thyroxine and T3.

Positive TPO antibodies may indicate subclinical thyroid 
autoimmune disease. About 14–26% of healthy women 
and 3–14% of healthy men show positive antibodies 
(Cooper, 2003). Furthermore, with increasing age the prev-
alence of positive antibodies is elevated (Cooper, 2003).

Prophylaxis for IIH before iodine-load

Perchlorate is an anion which inhibits the transfer of 
iodine into the thyroid gland and reduces the activity of 
the sodium iodine symporter. Thionamides, e.g., meth-
ylmercaptoimidazole (MMI), block thyroid hormone 
production by inhibition of TPO-mediated iodination of 
tyrosine residues of Tg.

In patients with subclinical hyperthyroidism, long-
standing goiter, subclinical thyroid autonomy and, in eld-
erly patients, a prophylactic treatment with perchlorate is 
recommended.

In nude mice transplanted with autonomous adenoma 
tissue the efficacy of a prophylaxis with perchlorate and 
methimazole has been demonstrated. This effect of per-
chlorate and methimazole could only be observed in 
mice treated before excessive iodine-load. Antithyroid  

treatment immediately after iodine-load could not prevent 
hyperfunction of thyroid transplants (Schumm-Draeger  
et al., 1989).

In a prospective randomized study 51 patients with thy-
roid autonomy underwent coronary angiography and were 
randomized to receive thiamazole (20 mg/day), perchlorate 
(900 mg/day), or no treatment. The study was performed in 
a mildly iodine-deficient area of Germany. The incidence of 
subclinical hyperthyroidism in all 3 groups was 7.8% (4 out 
of 51), including 1 patient in each of the treatment groups 
(Lawrence et al., 1999; Nolte et al., 1996). In spite of the 
low number of patients with subclinical hyperthyroidism 
this observation indicates that therapy with either thiama-
zole or perchlorate could not completely prevent IIH. As 
suggested by the authors, a combination therapy may be 
more effective. In another study in a mildly iodine-deficient  
area, only 2 patients out of 788 unselected patients who did 
not belong to risk groups for IIH showed IIH after iodine 
contamination by coronary angiography (Hintze et al.,  
1999). Because of this rare induction of thyrotoxicosis by 
iodine in this patient group, and the relatively frequent 
adverse reactions to antithyroid drug, the authors did not 
recommend a general prophylactic perchlorate treatment 
(Hintze et al., 1999).

According to current recommendations the perchlorate 
prophylaxis should be started in patients at risk for IIH 1 
day or at least 3–4 h before the administration of iodine-
containing contrast media and should be carried on for the 
next 14 days (DGE, 2003; Lawrence et al., 1999).

It must be noted that IIH may occur with a latency 
of some weeks. Therefore, it is necessary to control thy-
roid hormones for an interval of 3–8 weeks after exces-
sive iodine-load (Lawrence et al., 1999). Since perchlorate 
competes with iodine at the sodium iodine symporter, 
large doses of iodine may override the inhibitory effect 
of the usual doses of perchlorate recommended for the 
 prophylaxis of IIH.

The decrease of TSH in amiodarone-treated patients 
usually occurs during the first weeks of treatment. There 
is no reliable test to predict thyroid dysfunction caused by 
amiodarone. Therefore, periodic TSH determinations are 
useful. A prophylactic treatment is only indicated in the 
case of pre-existing hyperthyroidism.

Treatment of Iodine-Induced 
Hyperthyroidism

The treatment of hyperthyroidism depends on the cause 
and severity of the disease, as well as on the patients age, 
goiter size and comorbidities.

In addition to antithyroid drug, betablockers should be 
applied. Surgery is indicated in high-risk patients with IIH 
if a long-lasting hypermetabolic state cannot be tolerated 
because of comorbidities.
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Antithyroid drugs

Mechanisms of Action Antithyroid drugs inhibit TPO-
mediated iodination and coupling. Inactivation of TPO 
by antithyroid drugs involves a reaction between the 
drugs and the oxidized heme group produced by inter-
action between TPO and H2O2. Several studies suggest 
that antithyroid drugs bind to the enzyme, either at the 
same site as iodide or at a nearby site, and that the binding 
interferes with the binding of iodide. The type of inhibi-
tion depends on the extent of TPO inactivation and drug 
oxidation. These rates depend mainly on the iodine to 
drug concentration ratio. At high iodine to drug ratio the 
inhibition of iodination is reversible and TPO is only par-
tially inactivated. Under these conditions, extensive drug 
oxidation occurs. When the iodine to drug ratio is low, 
iodination is irreversibly inhibited. This is associated with 
rapid and complete inactivation of TPO.

Propylthiouracil (PTU), but not MMI, has an addi-
tional peripheral effect. It inhibits the monodeiodination 
of thyroxine to T3 by blocking the enzyme 5-monodei-
odinase. In humans, the potency of MMI is at least 10 
times higher than that of PTU, whereas in rats PTU is 
more potent than MMI. The higher potency of MMI in 
humans is probably due to differences in intake into the 
thyroid gland and subsequent metabolism, because in vitro 
inhibition of TPO by MMI is not significantly more 
potent than by PTU.

The response to thionamides depends on the dose  
and environmental iodine intake. It occurs faster in sub-
jects living in countries with moderately low iodine intake 
than in areas with iodine deficiency. Antithyroid drug doses 
should be gradually decreased to the minimal maintenance 
dose as serum thyroid hormone levels fall. The aim is to 
restore the euthyroid state within 1–2 months.

Clinical Use in Amiodarone-Induced Thyrotoxicosis
The treatment of type I AIT consists of simultaneous 
administration of thionamides and perchlorate. If possible, 
a temporary amiodarone-withdrawal should be tried, espe-
cially in AIT type I, because amiodarone-induced hyper-
thyroidism may remit spontaneously within 6 months 
(Kahaly et al., 2006; Kennedy et al., 1989; Rajeswaran  
et al., 2003). However, amiodarone therapy often cannot 
be stopped when life-threatening ventricular rhythm dis-
turbances persist.

When antithyroid drugs are given, PTU is preferred to 
MMI because of its additional peripheral action in reduc-
ing T3 production (Kennedy et al., 1989).

In type II AIT treatment (destructive thyroiditis) glu-
cocorticoids are given in a daily dose of 0.5–1 mg pred-
nisolone/kg body weight for 2–3 months (Hörmann, 2004; 
Martino et al., 2001). The administration of glucocor-
ticoids results in reduced iodide utilization by the thyroid 
gland and earlier euthyroidism in AIT. Type II AIT is often 

self-limiting with a good prognosis even under continuous 
amiodarone therapy (Hörmann, 2004; Rajeswaran et al., 
2003). A randomized study showed a curative effect of iopa-
noic acid, an iodinated cholecystographic agent that inhibits 
deiodinase activity and also reduces the conversion from T4 
to T3. Both drugs, glucocorticoids and iopanoic acid, were 
effective, however, patients treated with glucocorticoids 
were cured more rapidly than iopanoic acid-treated patients 
(Bogazzi et al., 2003; Rajeswaran et al., 2003). Exacerbations 
of thyrotoxicosis, which may occur in both forms of AIT 
and are probably related to destructive processes, should be 
controlled by the addition or further increase of glucocorti-
coids (Bartalena et al., 1996).

Betablockers

The adrenergic symptoms of hyperthyroidism, such as pal-
pitation, tremor, anxiety, or heat intolerance are promptly 
relieved by coadministration of betablockers. Nonselective 
betablockers, such as propanolol, are preferred because of 
their more direct effect on hypermetabolism with positive 
effect of tremor or myopathy and the peripheral inhibition 
of conversion from T4 to T3 (Nolte et al., 1995). The dose 
should be increased progressively until symptoms are con-
trolled. Betablockers should be used cautiously in patients 
with intrinsic asthma or congestive heart failure.

Surgery

In patients with a poor or delayed response to antithyroid 
drugs, in elderly patients, pregnant women, or in patients 
with neurologic symptoms of thyrotoxicosis (incipi-
ent thyroid storm), early thyroidectomy is the treatment 
of choice, especially in IIH and when high-dose thiona-
mides, glucocorticoids and intensive care fail to improve 
the patient’s conditions within 24 h. Thyrotoxic crisis 
occurs in about 1% of all patients admitted to hospitals 
for hyperthyroidism (Schaaf et al., 1990).

In a retrospective analysis of early total thyroidectomy in 
the elderly, critically ill patients with thyrotoxic storm com-
plicated by cardiorespiratory and renal failure, the early post-
operative mortality was 0%, the postoperative mortality 2–3 
weeks after thyroidectomy was 20% (Scholz et al., 2003).

Summary Points

l The administration of large iodine doses may induce 
hyperthyroidism.

l The incidence of IIH is low.
l IIH can be severe and life-threatening.
l IIH is observed after administration of iodine-

 containing drugs or radiographic contrast media,  
especially in regions with iodine deficiency.
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l There is a higher risk of IIH in elderly patients and 
women.

l The reason for IIH in euthyroid nodular goiters are 
small clones of autonomous thyroid cells.

l IIH may also occur in latent Graves’ disease.
l Before the application of iodine-containing contrast media 

patients should be investigated for suppressed TSH, goiter, 
thyroid nodules, and a history and family history of thy-
roid disorders to try to identify patients at risk for IIH.

l Patients at risk for IIH (see the previous point) should 
receive a prophylactic treatment with perchlorate.

l IIH should be treated by antithyroid drugs and, if this 
treatment fails, with thyroidectomy.

l The risk of IIH cannot be fully excluded but clearly can 
be minimized.
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Abstract

Marine algae are an important food source in several East 
Asian countries. Consumption of seaweeds in Europe and 
North America steadily increased following the spread of 
Japanese and Chinese cuisine and of health foods through-
out the world. Seaweeds are known to contain large amounts 
of iodine, and iodine concentrations widely vary among dif-
ferent seaweed types. Brown algae, such as kelp (Laminaria 
japonica), have higher iodine concentrations than green and 
red algae. Furthermore, iodine content in seaweeds depends 
on geographic and seasonal variations, as well as on posthar-
vest storage conditions. Marine algae species differ signifi-
cantly in the chemical species of iodine and bioavailability, 
with the different nature of carbohydrates in marine algae as a 
potential contributing factor. Excessive seaweed consumption 
was found to be frequently associated with goiter, hypothy-
roidism and Hashimoto’s thyroiditis in countries where 
marine algae are traditionally used as food, whereas iodine-
induced thyrotoxicosis following consumption of seaweed or 
seaweed-containing dietary supplements appears to be rare.

Abbreviations

f  Female
f T3 Free tri-iodothyronine
f T4 Free thyroxine
I Iodine
m Male
Tc Technetium
T3 Tri-iodothyronine
T4 Thyroxine
TSH Thyroid-stimulating hormone
US Ultrasound

Introduction

Seaweeds have been used as a source of food, medicine 
and fertilizer for terrestrial agriculture in many maritime 
countries, especially among the Asiatic communities and 
some European regions such as Wales, Ireland, or Brittany, 

for hundreds, if not thousands, of years. Records from 
the first century AD already mention the export of tangle 
(Laminaria japonica) from Japan to China (Matsuzaki and 
Iwamura, 1981). Tax records of the eigth century AD indi-
cate the use of diverse species of seaweed as tax payments 
to the Japanese government (Arasaki and Arasaki, 1983). 
In East Asian countries, such as Japan, Korea and China, 
diverse seaweeds are still part of the daily diet. Edible 
marine algae can be classified into three major groups – the 
red (rhodophyta), brown (phaeophyta) and green seaweeds 
(chlorophyta) – based on the pigment molecules in their 
chloroblasts (Table 93.1; Levring et al., 1969).

The majority of green algae live in freshwater; of these 
only 10% are marine species. Chloroblasts that contain 
chlorophylls A and B have a bright green color. Brown algae 
are mostly marine multicellular seaweeds, which reach their 
greatest abundance in cold-temperate waters. The largest sea-
weeds found in the oceans are used in numerous ways and 
are commercially important for food, cosmetics and phar-
maceuticals, and in sciences. For instance, algin is extracted 
from the cell walls of brown algae and is used as a thick-
ener or emulsifier. Chloroblasts of brown algae contain, in 
addition to chlorophyll, the pigment fucoxanthin that gives 
them a brown or olive-green color. Fucoxanthin was found 
to have antiobesity effects through mitochondrial uncou-
pling protein 1 expression in white adipose tissues (Maeda  
et al., 2005), to induce apoptosis through caspase-3 activation  
in human prostate cancer cells (Kotake-Nara et al., 2005), 
and to inhibit proliferation of colon cancer cells due to the 
cell cycle arrest during the G0/G1 phase mediated through 
the upregulation of p21WAF1/Cip1 (Das et al., 2005). Red 
algae are a large group of mostly multicellular marine algae. 
In addition to chlorophyll, red algae contain the pigments 
phycocyanin and phycoerythrin, which give this group their 
red coloration. Agar and carrageenan, two polysaccharides 
found in the cell walls of red algae, are widely used in the 
food industry and scientific research as thickening and sta-
bilizing agents. Furthermore, carrageenan has been shown 
to be a potent inhibitor of papillomavirus infection (Buck 
et al., 2006). Red seaweeds, such as dulse and nori, are a tra-
ditional part of Asian cuisine. The attractiveness of algae as 
a food arises, on the one hand, from the relative simplicity 
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of cultivation and, on the other hand, from its significant 
protein content (Fleurence, 1999), low fat content (Jeong 
et al., 1993), and high concentrations of polysaccharides, 
vitamins, minerals and trace elements (Dang and Hoang, 
2004). The average marine algae consumption in Japan is 
approximately 3.3 g of dry product, i.e., 20 g of fresh sea-
weed per day (Ito and Hori, 1989). Some fresh seaweeds 
can be eaten raw in salads; others can be cooked with vege-
tables, meat, or fish. Dried seaweed can be served as a snack 
or can be fried like chips; or it may be powdered to use as 
a seasoning. Sushi is one of the best known seaweed dishes 
with nori is an ingredient (Matsuzaki and Iwamura, 1981). 
The spread of Japanese and Chinese cuisine and of health 
foods throughout the world caused a markedly increased 
consumption of seaweed in occidental countries in the last 
decade (Rupérez and Saura-Calixto, 2001).

Iodine Content in Edible Seaweeds

Marine algae have long been known as an important 
source of iodine. Seaweed can enrich iodine due to a higher  

concentration factor compared with terrestrial plants. In 
general, the ability of marine algae to absorb an element 
through its outer surface and to integrate it in algal macro-
molecules increases with the atomic radius of the element 
(Hou and Yan, 1998). In algae, the majority of the iodine is 
bound with protein, part of it with pigment and polyphe-
nol, and just a small part with polysaccharides, such as algin, 
fucoidan and cellulose (Hou et al., 2000). The iodine con-
tent found in edible algae is summarized in Table 93.2, with 
the corresponding common names shown in Table 93.3.

Iodine concentrations varied widely depending on the 
species studied. Brown algae, such as L. japonica with a 
mean iodine content of 2288 g/g, were found to have 
higher iodine concentrations than red algae, includ-
ing Porphyra sp. with an average of 33.8 g/g iodine, and 
green algae, such as Ulva lactuca containing an average of 
95 g/g iodine. Different iodine concentrations reported 
for one species harvested in diverse regions indicate a geo-
graphic variation in iodine content. For instance, iodine 
concentrations in Undaria pinnatifida were 24-fold higher 
in samples collected in China compared with the mean 
value of samples from Tasmania, Japan and New Zealand. 
Causative factors for these differences might be salinity 
and coldness of the water, depth of the seaweed and dis-
tance from the equator (Saenko et al., 1978). Furthermore, 
concentrations of inorganic elements in marine algae, 
including iodine, exhibit seasonal variations. Lower con-
centrations in the initial and later growth stages and the 
highest concentrations in the middle growth stage have 
been shown (Hou and Yan, 1998). Accordingly, Teas  
et al. (2004) found about a two-fold higher iodine content 
in growing juvenile compared with adult seaweed, with 
higher iodine concentrations in the meristematic tissue, 
the growing area at the base of the seaweed blade, than 
in the stipe. After the discontinuation of growth, iodine 
content rapidly diminishes, as shown by the markedly 
decreased iodine concentrations in sun-bleached blades 
collected from the beach or from floating drifts of seaweed. 
Postharvest storage conditions are additional factors that 
might affect the iodine content in marine algae. When sea-
weeds were stored in watertight bags or boxes, their iodine 
concentration was not affected, whereas storage in open 
containers or in paper bags significantly diminished iodine 
content, in particular under humid conditions (Marchal 
et al., 2000). The latter finding might be based on the 
high degree of water solubility of iodine in seaweed, rang-
ing from 40% in the red alga Sargassum kjellmanianum to 
99.2% in the brown alga L. japonica (Hou et al., 1997). 
The high water solubility of iodine in seaweed also has 
an impact on food preparation and cooking. In kombu  
(L. japonica), 99% of the iodine has been found in water after 
15 min of boiling (Ishizuki et al., 1989). Marine algae not only differ  
in iodine content, but also in the chemical species of iodine. 
Hou et al. (1997) found that the percentage of iodide 
(I) ranged from 61.0% in the green alga Codium fragile  

Table 93.1 Classification of edible algae

Class Species

Brown algae (phaeophyta) Alaria esculenta, A. marginata
Ascophyllum nodosum
Dictyopteris divaricata
Ecklonia maxima
Eisenia bicyclis
Fucus distichus, F. vesiculosus
Hizikia fusiformis
Laminaria angustata, L. digitata, 
L. hyperborea, L. japonica, L. 
longicruris, L. saccharina,
Laminaria setchelli
Macrocystis integrifolia
Nereocystis luetkeana
Postelsia palmaeformis
Sargassum kjellmanianum
Undaria pinnatifida

Red algae (rhodophyta) Ceramium boydenii, C. kondoi
Gracilaria confervoides, G. 
verrucosa
Palmaria palmate
Porphyra sp., P. tenera

Green algae (chlorophyta) Codium fragile
Enteromorpha sp., E. intestinalis
Monostroma fragile
Ulva lactuca, U. pertusa

Notes: Edible seaweeds can be classified into three major 
groups – the brown (phaeophyta), red (rhodophyta) and green 
algae (chlorophyta) – based on the pigment molecules in their 
chloroblasts. Chloroblasts that contain chlorophylls a and b give 
green algae their bright green color. Chloroblasts of brown algae 
contain, in addition to chlorophyll, the pigment fucoxanthin, resulting 
in a brown or olive-green color. Red algae contain, in addition to 
chlorophyll, the pigments phycocyanin and phycoerythrin, which 
give this group their red coloration (Levring et al., 1969).



Table 93.2 Iodine content (g/g) in edible seaweeds

Species

Seaweed origin

Japana UKa Chinaa Canadaa
British Columbia, 
Japan, Norwaya Francea

USA, Canada, Namibia, 
Tasmania, Japana

Alaria esculenta 270.5b

Alaria marginata 151
Ascophyllum nodosum 482 646
Ceramium boydenii  71.1
Ceramium kondoi  34.1
Codium fragile 154
Ecklonia maxima 2123
Eisenia bicyclis 713.5b 600 586
Enteromorpha sp. 22.7
Enteromorpha intestinalis 114.8
Fucus distichus 212
Fucus vesiculosus 226 732 276
Gracilaria confervoides 353
Hizikia fusiformis 391 436 629
Laminaria angustata 2353
Laminaria digitata 2490.5b

Laminaria hyperborea 5307
Laminaria japonica 2650 3040 2110 1350
Laminaria longicruris 763 1304b

Laminaria saccharina 238
Laminaria setchelli 1070
Macrocystis integrifolia 240
Monostroma fragile  63.6
Nereocystis luetkeana 407b

Palmaria palmata  44.1 173 72
Porphyra sp.  35.8 31.7
Porphyra tenera 18.3  14.7b 101b 16
Postelsia palmaeformis 871
Sargassum 30
Ulva lactuca  53.8 136
Ulva pertusa  23.1b

Undaria pinnatifida 25.7 160.5b 1571 81b 66c

Kelp tablets 67 815 3593

Notes: Concentrations of iodine vary widely among seaweed species, with brown algae showing the highest iodine levels. In addition, 
iodine content in seaweeds underlies geographic and seasonal variations.
aJapan: Socolow and Suzuki, 1964; UK: Lee et al., 1994; China: Hou and Yan, 1998; Canada: Phaneuf et al., 1999; British 
Columbia, Japan, Norway: Van Netten et al., 2000; France: Aquaron et al., 2002; USA, Canada, Namibia, Tasmania, Japan: Teas  
et al., 2004.
bAverage of two reported values.
cAverage of three reported values.

to 92.7% in the brown alga Dictyopteris divaricata, 
whereas the organic iodine content was high in C. frag-
ile with 37.4% and low in D. divaricata with 5.5%. The 
percentages of iodate (IO3

) ranged from 1.4% in L. 
japonica to 4.5% in S. kjellmanianum. In accordance with 
the remarkably different bioavailability of various chemi-
cal species of iodine, Aquaron et al. (2002) found differ-
ences in the iodine bioavailability of diverse marine algae 
in humans. Iodine bioavailability was better from the red 
seaweed Gracilaria verrucosa compared with the brown  
seaweed Laminaria hyperborea (101% vs. 90% in 
Marseille, 85% vs. 61.5% in Brussels). The chemical spe-
cies of iodine were 80% iodide in L. hyperborea and 80% 
organic iodine in G. verrucosa. This discrepancy between 

mineral and organic iodine bioavailability in red and 
brown seaweeds may be explained by the different nature 
of the carbohydrates in red and brown algae. While solu-
ble fibers in the cell walls of brown seaweed are alginates, 
the cell walls in red seaweed contain carrageenans and agar 
as soluble fibers. In the stomach, alginate and agar increase 
food viscosity by absorption of water, which might lead to 
iodide being trapped like starch and, consequently, to a 
decrease in intestinal iodide absorption.

Iodine-Induced Thyroid Disorders

In healthy individuals, the thyroid gland has intrinsic 
autoregulatory mechanisms to adapt to excess iodine (for 
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Table 93.3 Common names of edible seaweeds

Species Common names

Alaria esculenta Edible kelp, horsetail kelp, kelp meal, oarweed, stringy kelp, wing kelp; henware (Faroe Islands); 
  dabberlocks, murlins (Ireland); honey ware (Orkney Islands); bladderlochs, badderlocks, tangle (Scotland); 
wakamé (French); fruill, láir, láir bhán, láracha, rufaí, sraoilleach (Gaelic); marinkjarni (Icelandic); chigaiso, 
sarumen (Japanese); kutare (Norwegian)

Alaria marginata Winged kelp; wakame (Japanese)
Ascophyllum nodosum Knobbed wrack, yellow tang, pigweed; Knotentang (German); grisetang, knuppetang (Norwegian)
Ceramium boydenii Amikusa, igusu (Japanese)
Ceramium kondoi Igisu (Japanese)
Codium fragile Fleece, green sea-velvet; miru (Japanese); chonggak (Korean)
Ecklonia maxima Bamboo seaweed, kelp, paddle weed, sea bamboo
Eisenia bicyclis Arame, asame, kajimi, sagarame (Japanese)
Enteromorpha sp. Ao-nori, aonoriko, awo-nori, green nori (Japanese)
Enteromorpha intestinalis Green nori, hallow-green nori, link confetti, stone hair; tahalib (Arabic); hu tai, tai tyau (Chinese); darmtang 

  (German); limu ele’ele (Hawaiian); bo-ao-nori, bô-awonori, ohashi nori, yore-awonori (Japanese); lumot, 
ruprupu (Philippines)

Fucus distichus Flattened rockweed
Fucus vesiculosus Black tang, bladder wrack, dyers fucus, kelp ware, lady wrack, paddy tang, popping wrack, red fucus, 

  rock weed, swine tang, wrack; varech vésiculeux (French); barrchonlach, feamainn bhoilgíneach (Gaelic); 
Blasentang, Schweinetang, Höckertang (German); smelltang (Norwegian); bagão, bodelha, esgalhota, 
estalos, limbo-bexiga, trambolho (Portuguese)

Gracilaria confervoides Ceylon moss, Chinese moss, sea string; oginori, ogo, ogo-nori (Japanese); gulaman dagat (Philippines); 
 rau-cau, thack hoa (Vietnamese)

Gracilaria verrucosa Ceylon moss, Chinese moss, sewing thread, thin dragon beard plant; fen tsai, hai mien san, hai tsai, 
  hoi tsoi, hunsai (Chinese); ogo, ogo-nori (Japanese); caocaoyan, gulaman, gulaman dagat, guraman 
(Philippines); nuoc-mam, rau-cau, xoa xoa (Vietnamese)

Hizikia fusiformis Chiau tsai, hai ti tun, hai toe din, hai tsao, hai tso, hoi tsou (Chinese); hijiki (Japanese); nongmichae 
 (Korean)

Laminaria angustata Barner kombu, green kombu, tender kombu; hai dai, hai tai, kunpu (Chinese); Ao-kombu, dashi-kombu, 
  kizami-kombu, misuishi-kombu, mitsuishi-kombu, mizu-kombu, shamani kombu, shiohoshi-kombu, 
sopaushi, tokachi-kombu, urakawa-kombu (Japanese)

Laminaria digitata Fingered tangle, horsetail kelp/tangle, kelp, oarweed, red ware, sea girdle, sea girdles, sea tangle, sea 
  wand, strap wrack, tangle; fouet de sorcier (French); coirleach, coirrleach, feamnach dhubh, leathrach, 
screadhbhuidhe (Gaelic); Fingertang (German); fingertare, silketare (Norwegian)

Laminaria hyperborea Cuvie, forest kelp, mayweed, sea rods, tangle; barraí raice, ceanna slat, feamnach bhuí, leathach dearg, 
  múrach bhealtaine, múrach fómhair, sraith bhuí, stumpa (Gaelic); Palmentang (German); stokktare 
(Norwegian); rabo-negro (Portuguese)

Laminaria japonica Royal kombu; hai dai, hai tai, kunpu (Chinese); cha-kombu, ebisume, hababiro-kombu, hirome, hoiro- 
  kombu, koiro-kombu, kombu, kuvashi-kombu, makombu, minmaya-kombu, moto-kombu, oki-kombu, 
saimatsu-kombu, shinori-kombu, uchi kombu, umiyama-kombu (Japanese); hae tae, tasima (Korean)

Laminaria longicruris Atlantic kombu, kelp, oarweed
Laminaria saccharina Broadleaf kelp, dulse, furbelows, kelp, oarweed, poor man’s weather glass, sugar sea belt, sugar wrack/ 

  kelp, sweet tangle/wrack, tangle; chai tai, hai dai, hai tai, hai-houan, kouanpon, kunpu, yan tsai (Chinese); 
laminaire sucrée (French); cupóg na gCloch, láin, lásaí fruill, madraí, madraí rua, réaban, ribíní, rufa, rufaí 
(Gaelic); zuckertang (German); galhdr-ka-palta (India); kan-hoa, karafuto-kombu, karafuto-tororo-kombu 
(Japanese); sukkertare (Norwegian); rabeiro (Portuguese)

Laminaria setchelli Split kelp
Macrocystis integrifolia Brown kelp, giant kelp, giant perennial kelp, long bladder kelp, kelp flag, sea-ivy, small perennial kelp; 

 Birnentang (German)
Monostroma fragile Sea lettuce; aonori (Japanese)
Nereocystis luetkeana Black kelp, bladder kelp, bull kelp, bull whip kelp, cabbage, giant kelp, giant bull kelp, great kelp, horsetail 

 kelp, ribbon kelp, sea onion, sea otter’s cabbage, sea otters, sea whip, serpent kelp
Palmaria palmata dried dulse, dulce, dulse, Neptune’s girdle, red kale, sea grass; crannogh, dillesk, shelldulse (Ireland); 

  sheep dulse (Scotland); goéman à vache (French); creathnach, duileasc (Gaelic); saccha, sol (Icelandic); 
darusu (Japanese); botelho-comprido (Portuguese)

Porphyra sp. Sloke (Ireland); laver bread (Wales); karengo (Maori)
Porphyra tenera Purple laver, red laver; chi choy, chi tsai, hai tsai, hung tsai, hung tsoi, tai tso, tsu tsai, tsu tsoi, tsz tsai, 

  zicai (Chinese); amanori, asakusa nori, chishima kuro-nori, hoshi-nori, kuro-nori, natsu-nori, nori, sushi 
nori, tisima (Japanese); kim (Korean); nuru (Russian)

Postelsia palmaeformis Sea palm; Meerespalme (German)
Sargassum Gulf weed, sargassum weed; Beerentang (German); bebojot (Indonesian); ginbaso (Japanese)
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a review, see Braverman, 1994). Oxidation of iodide is an 
essential first reaction in the synthesis of thyroid hormones. 
In the presence of large amounts of iodine, iodide oxida-
tion is inhibited. However, this acute inhibitory effect of 
excessive iodine on hormone production, called the acute 
Wolff–Chaikoff effect (Wolff and Chaikoff, 1948), is only 
transient. After approximately 48 h, an escape from the 
acute Wolff–Chaikoff effect occurs, leading to a normali-
zation of thyroid hormone synthesis (Wolff et al., 1949). 
Animal studies suggest a decrease in the active transport of 
plasma iodide into the thyroid as the underlying mecha-
nism of thyroid protection from the adverse effects of exces-
sive iodine on thyroid hormone production (Galton and 
Pitt-Rivers, 1959; Braverman and Ingbar, 1963). Patients 
with underlying thyroid disease may fail to adapt to exces-
sive iodine, resulting in hypothyroidism or hyperthy-
roidism. The occurrence of these two disparate responses to 
iodine excess may be due to differences in the sensitivity to 
iodine-induced turn-off in hormone biosynthesis (Fradkin 
and Wolff, 1983). Subjects with an elevated sensitivity, 
such as patients previously treated for Graves’ disease with 
radioactive iodine, subtotal thyroidectomy, or antithyroid 
drugs, and those with chronic autoimmune thyroiditis 
are at increased risk of developing hypothyroidism after 
administration of excessive iodine due to failure to escape 
from the acute Wolff–Chaikoff effect (Braverman, 1994). 
In contrast, in subjects with lowered sensitivity, such as 
patients with endemic goiter and iodine deficiency, and in 
patients with nodular goiter containing autonomous nod-
ules, in iodine-replete nations, iodine excess may result in 
hyperthyroidism (Fradkin and Wolff, 1983).

Goiter, Hypothyroidism and 
Hashimoto’s Thyroiditis Following 
Seaweed Consumption

Consumption of large amounts of kelp has been found 
to be associated with thyroid disorders, such as goiter, 
hypothyroidism alone or in combination with thy-
roid enlargement, Hashimoto’s thyroiditis and neonatal 
hypothyroidism. Studies showing a decrease in goiter size 

and normalization of thyroid function after discontinua-
tion of seaweed consumption clearly indicate a causative 
role of seaweed in the pathophysiology of these thyroid 
disorders (Table 93.4).

Higuchi (1964) found a higher prevalence of goiter on 
the coast of Hokkaido, the northern island of Japan, com-
pared with the inland city of Sapporo. An excessive intake 
of seaweed with an average of 16.1 g/day, resulting in a 
markedly increased mean urinary iodine excretion of 
23 727 g/day, was identified as a specific environmental 
factor. Restriction of kelp intake resulted in a decrease in 
goiter size, suggesting that the “endemic coast goiter” was 
due to excessive consumption of iodine-rich seaweed. 
Suzuki et al. (1965) confirmed the significantly higher 
prevalence of goiter in euthyroid school children from the 
coast of Hokkaido ranging from 2.6% to 9.0% compared 
with those from Sapporo with 1.3% prevalence. Goiter 
was more frequent in females than in males, and diffuse 
goiter was predominant. The usual diet consisted of a large 
quantity of iodine-rich seaweeds, as reflected by the very 
high urinary iodine excretion, exceeding 20 mg/day in 
some patients. Withdrawal of kelp from the usual diet 
produced a pronounced reduction in goiter size. A further 
study on “endemic coast goiter” by Suzuki and Mashimoto 
(1973) found a marked decrease in the prevalence of goiter 
in two districts in the past 10 years. A pronounced, 
though statistically not significant, decrease in the con-
sumption of kelp from 31.5 to 13.5 g/day/person was 
identified as the only change in the dietary habits of the 
residents. The only case of kelp-induced goiter and 
hypothyroidism outside Asia was described in Finland. 
Liewendahl and Turula (1972) reported on a 30-year-old 
woman who developed goitrous hypothyroidism after pro-
longed intake of seaweed tablets. Thyroid fine-needle 
biopsy revealed chronic lymphocytic thyroiditis. 
Symptoms and signs of hypothyroidism resolved sponta-
neously after discontinuation of iodine intake. Okamura 
et al. (1978) described a similar case of a 44-year-old male 
who presented with goitrous hypothyroidism following 
ingestion of large amounts of seaweed. In this case, biopsy 
of the thyroid gland also showed Hashimoto’s thyroiditis. 

Table 93.3 (Continued)

Species Common names

Ulva lactuca Chicory sea lettuce, green laver, lettuce laver, sea grass, sea lettuce, thin stone brick; tahalib (Arabic); hai 
  tsai, haisai kun-po, kwanpo, shih shun (Chinese); laitue de mer (French); meersalat (German); aosa, 
awosa (Japanese); ihixlhewis (Kwakiutl Indians of British Columbia); klop-tsai-yup (Quileute Indians); 
gagamet (Philippines); alface-do-mar (Portuguese); lechuga de samba, luche, luchi (Spanish)

Ulva pertusa Lacy sea lettuce, sea lettuce; ana-awosa, aosa, awosa (Japanese)
Undaria pinnatifida Precious sea grass, sea mustard; qun dai cai (Chinese); ito-wakame, kizami-kombu, kizami-wakami, 

 nambu-wakame, wakame (Japanese); miyeouk, miyok (Korean)

Notes: Seaweeds have been used as a source of food, medicine and fertilizer for terrestrial agriculture in many maritime countries, 
especially among East Asian communities and some European regions, such as Wales, Ireland, or Brittany, for many centuries. 
Accordingly, numerous diverse common names exist for seaweed species (Guiry and Guiry, 2007).
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Table 93.4 Association of goiter, hypothyroidism and Hashimoto’s thyroiditis with seaweed consumption

Study (reference)
Publication 
type Country Findings

Higuchi (1964) Observational  
 study

Japan Endemic coast goiter and markedly increased urinary iodine excretion in areas  
  with excessive consumption of seaweed; reduction in goiter size after 
restriction of seaweed intake

Suzuki et al. (1965) Observational  
 study

Japan High prevalence of goiter in coastal districts characterized by consumption of  
  a large quantity of iodine-rich seaweeds; marked decrease in goiter size after 
withdrawal of kelp from the usual diet

Liewendahl and 
 Turula (1972)

Case report Finland diffuse goiter and signs of hypothyroidism after taking six seaweed tablets  
  per day for 1 year; spontaneous remission of symptoms and signs of 
hypothyroidism 1 month after stopping the intake of seaweed tablets

Suzuki and Mashimo 
 (1973)

Observational  
 study

Japan Association of increased goiter rates with higher consumption of kelp in coastal  
  districts compared with an inland city; decrease in goiter prevalence following 
reduction in kelp intake

Inoue et al. (1975) Observational  
 study

Japan Higher prevalence of juvenile chronic lymphocytic thyroiditis (Hashimoto’s  
  thyroiditis) among schoolchildren from a seaside area compared with an urban 
area with high iodine intake of seaweed as a potential causative factor

Okamura et al.  
 (1978)

Case report Japan development of goitrous hypothyroidism and Hashimoto’s thyroiditis after  
 ingestion of large amounts of seaweed

Yoshinari et al. (1983) Observational  
 study

Japan Normalization of thyroid function in patients with goitrous hypothyroidism and  
  preserved thyroid radioactive iodine uptake after avoidance of foods rich in 
iodine

Yamaguchi et al. 
 (1984)

Case report Japan Thyroid autoantibody-negative hypothyroidism following consumption of  
  considerable amounts of seaweed everyday, i.e., more than 50 g of kombu 
for more than 5 years and at least 1 g of wakame for 6 months; restoration of 
thyroid function after seaweed-free diet

Tajiri et al. (1986) Observational  
 study

Japan Existence of a reversible type of hypothyroidism sensitive to iodine restriction  
  and characterized by higher radioactive iodine uptake and relatively minor 
changes in lymphocytic thyroiditis histologically compared with the irreversible 
type

Konno et al. (1993) Observational  
 study

Japan Normalization of thyroid function after iodine intake restriction for 6–8 weeks  
  in patients with unsuspected hypothyroidism, who were thyroid 
autoantibody-negative

Konno et al. (1994) Observational  
 study

Japan Association of the prevalence of hypothyroidism with the amount of iodine  
  ingested in thyroid autoantibody-negative patients; normalization of thyroid 
function after restriction of kelp intake

Okamura et al.  
 (1994)

Observational  
 study

Japan Reversible recovery of thyroid function after iodine restriction in patients with  
  juvenile goitrous hypothyroidism and high thyroidal radioactive iodine uptake 
despite chronic lymphocytic thyroiditis

Matsubayashi et al.  
 (1998)

Case report Japan Thyroid autoantibody-negative primary hypothyroidism in an anorectic patient  
  after excessive daily intake of confectionery made with kombu during bulimic 
periods; normalization of thyroid function after withdrawal of kombu

Kim and Kim (2000) Observational  
 study

Korea Higher dietary iodine intake and urinary iodine excretion, with seaweed as the  
  major source, in patients with thyroid disease, including hypothyroidism and 
Hashimoto’s thyroiditis, compared with healthy controls

Kasagi et al. (2003) Observational  
 study

Japan Recovery of primary hypothyroidism following restriction of iodine-containing  
  drugs and foods, such as seaweed products, in patients with increased 99mTc 
uptake and elevated nonhormonal iodine levels due to habitual ingestion of 
seaweed

Clark et al. (2003) double-blind  
  prospective 
clinical trial

The USA Increase in basal and post-stimulation TSH and decrease in T3 after short-term  
 supplementation with kelp

Nishiyama et al.  
 (2004)

Observational  
 study

Japan Association of hypothyroxinemia and persistent hyperthyrotropinemia in  
  neonates with excessive intake of kombu, other seaweeds and instant kombu 
soups by the mothers during pregnancy

Moriyama et al.  
 (2006)

Case report Japan Thyroid autoantibody-negative hypothyroidism after consumption of large  
  amounts (100–200 g dry weight equivalent) of cooked wakame seaweed 
every morning for 15 weeks; thyroid hormone normalization 3 months after 
discontinuation of seaweed intake

Notes: Seaweed-induced goiter, hypothyroidism and Hashimoto’s thyroiditis appear to be not uncommon in countries where seaweed is 
traditionally used as a food, as reflected by the numerous case reports and observational studies from Japan.
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The patient completely recovered after seaweed restriction. 
Most probably, the histological changes in both patients 
were already present when seaweed intake began and were 
the underlying thyroid disorders causing failure to escape 
from the acute Wolff–Chaikoff effect. However, excessive 
intake of iodine-rich kelp may have caused chronic lym-
phocytic thyroiditis, in addition to goiter and hypothy-
roidism. This assumption is in agreement with the study 
by Inoue et al. (1975), who found a statistically significant 
higher prevalence of juvenile chronic lymphocytic thy-
roiditis in Japanese schoolchildren from a seaside area 
compared with an urban area (5.3 per 1000 vs. 1.4 per 
1000, p  0.005). The prevalence was remarkable for the 
considerable sex difference, with a female to male ratio of 
6.5:1, which increased with age. The authors discussed the 
higher intake of seaweed in the seaside area as a potential 
causative factor for the increased prevalence of juvenile 
chronic lymphocytic thyroiditis. However, not all cases of 
seaweed-induced hypothyroidism are associated with 
Hashimoto’s disease. Yamaguchi et al. (1984) reported on a 
47-year-old female who developed clinical and laboratory 
signs of hypothyroidism after having taken more than 50 g 
of kombu every day for more than 5 years and at least 1 g 
of wakame every day for 6 months. Histological examina-
tion of a thyroid biopsy did not reveal characteristic fea-
tures of Hashimoto’s thyroiditis. The patient became 
euthyroid following a seaweed-free diet. Matsubayashi  
et al. (1998) described a 20-year-old Japanese female 
anorectic patient who developed primary hypothyroidism 
following excessive daily intake of 40–50 g confectionary 
made with kombu during bulimic episodes. Moriyama  
et al. (2006) reported on a further case of hypothyroidism 
after consumption of 100–200 g cooked wakame by a  
71-year-old woman with type 2 diabetes mellitus. In both 
cases, thyroid autoantibodies were negative and thyroid 
function was restored after withdrawal of seaweed. 
Normalization of thyroid function after avoidance of 
iodine-rich foods by patients with hypothyroidism has also 
been shown by several observational studies. Yoshinari et al. 
(1983) found that patients with newly diagnosed primary 
hypothyroidism, who had a goiter with preserved thyroid 
radioactive iodine uptake, were likely to become euthyroid 
spontaneously after dietary iodine restriction. By contrast, 
in patients with a normal-sized thyroid gland and a low 
thyroid iodine uptake, primary hypothyroidism appeared 
to be irreversible and required thyroid hormone replace-
ment therapy. Tajiri et al. (1986) confirmed the existence 
of a reversible type of primary hypothyroidism sensitive to 
restriction of iodine-rich foods, such as seaweed. The 
reversible type was characterized by higher radioactive 
iodine uptake after 1 week of restricted iodine consump-
tion and minor changes in lymphocytic thyroiditis histo-
logically compared with the irreversible type. Konno et al. 
(1993) found a normalization of thyroid function after  
the discontinuation of kelp intake in patients with 

 unsuspected hypothyroidism, who were thyroid autoanti-
body, negative. In contrast, a reversion of elevated TSH 
and low fT4 levels after iodine restriction was not detected 
in the thyroid autoantibody-positive group. Patients with 
unsuspected hypothyroidism, independent of their thyroid 
autoantibody status, had a statistically significant higher 
urinary iodine excretion than normal subjects. In a fol-
lowup study performed in the coastal regions of Japan, 
Konno et al. (1994) showed that hypothyroidism was 
more prevalent in thyroid autoantibody-negative subjects 
with high urinary iodine excretion than in those with nor-
mal urinary iodine levels, whereas the frequency of high 
urinary iodine was not significantly associated with 
hypothyroidism in thyroid autoantibody-positive subjects. 
Okamura et al. (1994) studied overt primary hypothy-
roidism in childhood and found a reversible type that 
responded to restriction of dietary iodine intake despite 
positive thyroid autoantibodies. In accordance with previ-
ous studies (Yoshinari et al., 1983; Tajiri et al., 1986), in 
the reversible group, characteristic findings were goitrous 
hypothyroidism, high nonhormonal iodine levels along 
with a history of eating excessive seaweed, high thyroidal 
radioactive iodine uptake compared with the irreversible 
group (58  19%/24 h vs. 5  4%/24 h), and positive 
perchlorate discharge test. Kasagi et al. (2003) arrived at 
similar results in their study on patients with primary 
hypothyroidism. In more than half of the patients, pri-
mary hypothyroidism recovered following iodine restric-
tion. Reversibility of hypothyroidism was not significantly 
associated with Hashimoto’s thyroiditis, but with increased 
thyroid 99mTc uptake and elevated nonhormonal iodine  
levels due to habitual ingestion of seaweed products. A 
Korean cross-sectional study revealed significantly higher 
iodine intake (673.8  794.9 g/day vs. 468.9  481.9 g/
day) and urinary iodine excretion (4.33  5.70 mg/l vs. 
2.11  0.69 mg/l) in patients with thyroid diseases, includ-
ing hypothyroidism and Hashimoto’s thyroiditis, compared 
with normal subjects. Iodine intake in subjects with or 
without thyroid diseases was found to depend on the 
amount of seaweed consumption (Kim and Kim, 2000). 
The inhibitory effects of kelp supplementation on thyroid 
function in euthyroid subjects have been also studied in a 
double-blind prospective clinical trial. Short-term low- and 
high-dose dietary supplementation with kelp was found to 
increase significantly both basal and post-stimulation TSH, 
whereas serum total T3 significantly decreased only after 
high-dose kelp supplementation (Clark et al., 2003). 
Nishiyama et al. (2004) investigated the influence of peri-
natal exposure to excess iodine on the thyroid function of 
the newborn. High intake of kombu or other seaweeds 
rich in iodine during pregnancy may cause transient 
hypothyroidism or persistent hyperthyrotropinemia in 
neonates. Twelve of the fifteen infants diagnosed with 
hyperthyrotropinemia caused by excess ingestion of iodine 
by their mothers during pregnancy required levothyroxine 
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supplementation. Postnatal consumption of iodine was 
identified as an additional risk factor for persistent 
hyperthyrotropinemia.

In summary, the great majority of studies reporting on 
the association of seaweed intake with hypothyroidism, 
goiter and chronic lymphocytic thyroiditis are from Japan, 
a country known for its high seaweed consumption. Among 
the remaining three studies, one is from Korea, another 
country where seaweed is traditionally used as a food (Kim 
and Kim, 2000). Goiter and hypothyroidism following 
seaweed or seaweed-containing diets appear to occur infre-
quently elsewhere. Only one case report on the development 
of diffuse goiter and signs of hypothyroidism after taking 
seaweed tablets is found in the literature from outside Asia 
(Liewendahl and Turula, 1972). However, the incidence of 
kelp-induced hypothyroidism in Europe and North America 
may increase with rising consumption of kelp-containing 
products. Recently, in a double-blind prospective clinical 
trial, an increase in basal and post-stimulation TSH was 
found after short-term supplementation of kelp in euthy-
roid subjects (Clark et al., 2003).

Thyrotoxicosis due to Ingestion of 
Seaweed or Seaweed-Containing 
Dietary Supplements

While goiter, hypothyroidism and Hashimoto’s thyroiditis 
appear to be not uncommon, at least in Japan, after exces-
sive seaweed consumption, thyrotoxicosis due to ingestion of 
seaweed or seaweed-containing dietary supplements is rare, 
as reflected by the limited number of case reports that have 
been documented in the literature (Tables 93.5 and 93.6).

Causative factors for thyrotoxicosis were seaweed tablets 
in six cases. Liewendahl and Gordin (1974) reported on a  
38-year-old female who developed hyperthyroidism and 
goiter after having taken seaweed tablets with an estimated 
daily iodine intake of 1–2 mg for 2.5 years. Three months 
after withdrawal of excess iodine, both hyperthyroidism 
and goiter spontaneously resolved. Shilo and Hirsch 
(1986) described a 72-year-old woman with characteristic 
features of thyrotoxicosis, including weight loss, increased 
sweating, fatigue and bowel habit changes, following inges-
tion of 4–6 sea-kelp tablets, corresponding to 2.8–4.2 mg 
I/day for 1 year. Six months after discontinuation of the 
sea-kelp tablets, normalization of thyroid function was 
observed. De Smet et al. (1990) reported on a 50-year-old 
female who presented with clinical and laboratory signs of  
hyperthyroidism due to intake of six kelp-containing tab-
lets per day for 2 months. Due to the great variation in 
the iodine content of the kelp-containing tablets, the esti-
mated daily iodine content was 1–12 mg. The patient was 
temporarily treated with metoprolol and diazepam. Signs 
and symptoms of hyperthyroidism completely subsided 2 
months after stopping the intake of kelp tablets. Eliason 

(1998) described a 27-year-old woman with laboratory 
signs of hyperthyroidism after having taken two dietary 
supplements containing kelp for 4 weeks. Thyroid function 
was normalized 7 weeks after withdrawal of the dietary sup-
plements. Henzen et al. (1999) reported on a 38-year-old 
male who developed tachycardic atrial fibrillation following 
ingestion of kelp tablets for 8 months with a total dosage 
of 1 g of iodine. Six weeks after discontinuation of intake 
of kelp tablets and initiation of antithyroid treatment with 
thiamazole and atenolol, the patient became euthyroid. 
A further case of kelp-tablet-induced thyrotoxicosis was 
described by Salas Coronas et al. (2002). In this case, a  
28-year-old man suffered from clinical and laboratory signs 
of hyperthyroidism following intake of six kelp-containing 
tablets daily. A remission of signs and symptoms of hyper-
thyroidism was observed 6 months after withdrawal of 
iodine intake and initiation of antithyroid therapy com-
prising thiamazole and propanolol. Iodine-induced 
thyrotoxicosis was due to ingestion of dried seaweed  
powder in two cases. Skare and Frey (1980) reported on 
two male patients aged 36 and 52 years with thyrotoxicosis 
after consumption of dried sea-kelp powder with an esti-
mated daily iodine intake of 2–10 mg for 2–12 months. 
In both patients, signs and symptoms of hyperthyroidism 
resolved spontaneously 9 and 11 months later, respec-
tively, after cessation of kelp intake. In two cases, thyro-
toxicosis occurred after consumption of kombu. Ishizuki 
et al. (1989) presented two Japanese women, 42 and  
59 years old, who developed hyperthyroidism 1 month 
and 1 year, respectively, after having eaten kombu with an 
estimated daily iodine intake of 28 and 140 mg, respec-
tively. Normalization of thyroid function was detected 
after 1 and 3 months, respectively, of withdrawal of sea-
weed consumption. Recently, Müssig et al. (2006) reported 
on a 39-year-old female with pre-existing multinodular 
goiter, who developed thyrotoxicosis after consumption of  
seaweed-containing tea. Antithyroid treatment with thiam-
azole and propanolol was initiated, and the patient became 
euthyroid 7 months later.

In summary, gender distribution in the 11 reported cases 
was seven females and four males. Mean age on presenta-
tion was 44  13 years (mean  standard deviation). The 
majority of affected patients had their residences within 
Europe (seven cases), whereas two patients came from 
Japan, one from Israel and one from the United States of 
America. Mean iodine exposition was 25  37 months, 
and mean daily iodine dosage was 10  11 mg. Thyroid 
glands were normal on palpation or US in four cases. 
Diffuse thyroid enlargement was found in five patients 
and a multinodular goiter in one patient. Clinical findings 
on admission were characteristic for hyperthyroidism: fine 
finger tremor, fatigue, weight loss (in six cases), increased 
sweating, nervousness (in four cases), bowel habit changes, 
palpitations (in three cases), heat intolerance, tachycardia, 
lid lag (in two cases), enhanced deep tendon reflexes, 
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Table 93.5 Past medical history and clinical findings in patients with thyrotoxicosis due to ingestion of kelp or kelp-containing dietary 
supplements

Patient 
(reference)

Age 
(years)

Gender 
(m/f)a Country Source

Iodine 
exposition and 
dosage Thyroid gland Clinical findings

1  (Liewendahl 
and Gordin, 
1974)

38 f Finland Seaweed tablets 2.5 years; 
1–2 mg  
(4 tablets)/day

diffuse 
enlargement on 
palpation

Nervousness, 
insomnia, increased 
sweating, tremor 
of the hands, easy 
fatigability

2  (Skare and 
Frey, 1980)

36 m Norway Vitalia taremel 
(dried, powdered 
seaweed)

Sporadically 
for some 
years, stopped 
2 weeks 
before the first 
consultation

Not palpable Weight loss, fine 
finger tremor, lid lag

3  (Skare and 
Frey, 1980)

52 m Norway Vitalia taremel 
(dried, powdered 
seaweed)

1 year; 
10 mg/day

Not palpable Weight loss, 
tachycardia, fine 
finger tremor, lid lag

4  (Shilo and 
Hirsch, 
1986)

72 f Israel Vitalia tablets 1 year; 
2.8–4.2 mg/day

diffuse 
enlargement on 
palpation

Weight loss, excess 
sweating, fatigue, 
several soft stools 
a day

5  (Ishizuki  
et al., 1989)

42 f Japan Kombu 10 years; 
25 mg/day 
followed by 
1 month; 
141.5 mg/day

diffuse 
enlargement on 
palpation

Fine finger tremor

6  (Ishizuki  
et al., 1989)

59 f Japan Kombu 4 years; 
28 mg/day

diffuse 
enlargement on 
palpation

Fine finger tremor, 
fatigue, chest pain, 
muscle atrophy, 
enhanced deep 
tendon reflexes, 
pretibial edema

7  (de Smet  
et al., 1990)

50 f The 
Netherlands

Kelpasan tablets 2 months; 
1–12 mg (6 
tablets)/day

Normal 
size and 
consistency

Weight loss, 
palpitations, heat 
intolerance, fatigue, 
increased sweating, 
nervousness

8  (Eliason, 
1998)

27 f The USA Multivitamin, 
energy V

4 weeks Normal on 
palpation

Gradual onset 
of fatigue, heart 
palpations

9  (Henzen  
et al., 1999)

38 m Switzerland Kelpasan tablets 8 months; 1 g 
(total dosage)

Normal on USb Tachycardic atrial 
fibrillation, heat 
intolerance

10  (Salas 
Coronas  
et al., 
2002)

28 m Spain Algatin tablets 1 year; 6 
tablets/day

Slightly 
enlarged 
multinodular 
goiter on US

Weight loss, 
irritability, 
palpitations, bowel 
habit changes

11  (Müssig  
et al., 
2006)

39 f Germany Kelp tea 4 weeks, 
580–990 g/day

Multinodular 
goiter with a 
total volume of 
67 ml on US

Tachycardia, 
palpitations, tremor, 
nervousness, 
insomnia, fatigue, 
increased sweating, 
diarrhea, secondary 
amenorrhea, weight 
loss

Notes: Iodine-induced thyrotoxicosis following intake of seaweed or seaweed-based dietary supplements appears to be rare as 
reflected by the limited number of case reports found in the literature.
am, male; f, female.
bUS, ultrasound.
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Table 93.6 Laboratory findings on admission and treatment regimes in patients with thyrotoxicosis due to ingestion of kelp or kelp-containing dietary supplements

Patient (reference)
T4

a (normal 
range)

fT4 (normal 
range)

T3 (normal 
range)

fT3 (normal 
range)

TSH (normal 
range)

Thyroid 
autoantibodies

Urinary iodine 
(normal range)

Thyroid 
uptake of 
131I (%) at 
24 h

Daily treatment 
(in addition to 
discontinuation of 
iodine ingestion)

Restoration 
(weeks after 
beginning of 
treatment)

  1  (Liewendahl 
and Gordin, 
1974)

151 nmol/l 
(50–135)

127 pmol/l 
(30–85)

– – – Negative – 1 None 8

  2  (Skare and 
Frey, 1980)

166 nmol/l 
(64–135)

– 2.8 nmol/l 
(1.4–2.8)

– 1.3 g/l (0.2–1.2) Negative 5000 nmol/dayb 2 None 9

  3  (Skare and 
Frey, 1980)

238 nmol/l 
(64–135)

– 6.5 nmol/l 
(1.4–2.8)

– 0.2 g/l (0.2–1.2) Negative 10 000 nmol/dayb 4 None 11

  4  (Shilo and 
Hirsch, 1986)

185.3 nmol/l 
(57.9–160.9)

– 4.38 nmol/l 
(1.07–3.38)

– 1.3 mIU/ml (5) Negative – 1.8 None 36

  5  (Ishizuki et al., 
1989)

12.8 g/dlb 2.1 ng/dlb 197 ng/dlb 8.5 pg/mlb 0.1 U/mlb Negative – – None 12

  6  (Ishizuki et al., 
1989)

12.8 g/dlb 3.4 ng/dlb 200 ng/dlb 5.5 pg/mlb 3.6 U/mlb Negative 5920 g 
(46 768 nmol)c/dayb

– None 4

  7  (de Smet et al., 
1990)

186 nmol/l 
(60–160)

242 (51–184) 
[index]

– – – Microsomal 
antibodies slightly 
positive

– – Metoprolol 100 mg, 
diazepam 5 mg

8

  8 (Eliason, 1998) – – – – 0.32 IU/ml 
(0.49–4.67)

– – – None 7

  9  (Henzen et al., 
1999)

– 34.8 pmol/l 
(10–23)

3.7 nmol/l 
(1.2–2.8)

– Suppressed Negative 3436 nmol/day 
(385–1540)

– Thiamazole 30 mg, 
atenolol 50 mg

6

10  (Salas Coronas 
et al., 2002)

– 2.69 g/dl 
(0.89–1.76)

– – 0.000 IU/ml 
(0.350–5.500)

Negative – – Thiamazole 15 mg, 
propanolol

24

11  (Müssig et al., 
2006)

– 3.2 ng/dl 
(0.8–1.7)

– 781 pg/dl 
(210–420)

0.01 mIU/l 
(0.4–2.5)

Negative – – Thiamazole 40 mg, 
propranolol 40 mg

42

aT4, thyroxine; fT4, free thyroxine; T3, tri-iodothyronine; fT3, free tri-iodothyronine; TSH, thyroid-stimulating hormone; I, iodine.
bReference range was not available.
cConversion factor: g/day  0.0079  mol/day.
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pretibial edema, tachycardic atrial fibrillation, secondary 
amenorrhea, chest pain, and muscle atrophy (in one case). 
Hyperthyroidism was mild to moderate in the majority of 
cases, as reflected by the slightly elevated T4, fT4 (in seven 
patients) and T3 values (in four patients), with 1.3  0.3-, 
1.5  0.2- and 1.5  0.6-fold, respectively, over the upper 
limit of the reference range. TSH was suppressed in seven 
of the nine available values. Thyroid autoantibodies were 
tested in all patients and were proved to be negative, except 
for one patient who had slightly positive microsomal anti-
bodies. Urinary iodine excretion was markedly increased 
with 16 301  20 503 nmol/day, and thyroid uptake of 
131I at 24 h was diminished by 2.2  1.3%; both values 
were present in four patients. In the majority of patients, 
the only treatment was the cessation of iodine intake, 
without other treatment (seven patients). In the remaining 
cases, treatment regimens comprised antithyroid therapy 
with thiamazole (three patients) and beta-blockers, such as 
propanolol (two cases), atenolol, or metoprolol (one case). 
One patient temporarily received diazepam. Thyroid func-
tion was restored 16  14 weeks after start of the treat-
ment. A previous history of thyroid disease was reported 
only in one patient. The 39-year-old female had been diag-
nosed with multinodular goiter with a moderate auton-
omy in the right upper lobe before starting the intake of a  
kelp-containing tea. Thyrotoxicosis in this patient was 
more pronounced compared with others. fT3 and fT4 lev-
els were found to be 1.9-fold higher than the upper value 
of the reference range. This case was also remarkable for 
the largest amounts of antithyroid therapy and the long-
est duration of treatment until normalization of thyroid  
function, despite the lowest iodine exposure and the lowest 
daily iodine dosage (Müssig et al., 2006).

Summary Points

l Seaweeds are part of daily diets in several East Asian 
countries.

l Consumption of seaweed markedly increased in occi-
dental countries in the last decade.

l Marine algae are an important source of iodine.
l Iodine concentrations and chemical species of iodine 

vary widely between algae species.
l Consumption of large amounts of seaweed is associ-

ated with goiter, hypothyroidism and Hashimoto’s 
thyroiditis.

l Thyrotoxicosis due to ingestion of seaweed or seaweed-
containing dietary supplements is rare.
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Abstract

Correcting iodine deficiency by the addition of iodate to 
salt exposes humans to 160–800 g of iodate daily over 
a lifetime, a fact that justifies a review of its toxicological 
data. In humans and rats, oral bioavailability of iodine 
from iodate is virtually equivalent to that from iodide. 
When given intravenously to rats, or when added to whole 
blood or tissue homogenates in vitro or to foodstuffs, 
iodate is quantitatively reduced to iodide by nonenzymatic 
reactions, and thus becomes available to the body as iodide. 
Therefore, except perhaps for the gastrointestinal mucosa, 
exposure of tissues to iodate is probably minimal. At much 
higher doses given intravenously (i.e., beyond 10 mg/kg), 
iodate is highly toxic to the retina. Ocular toxicity in 
humans has occurred only at doses of 600–1200 mg per 
individual. Oral exposures of several animal species to 
high doses, exceeding the human intake from fortified salt 
by orders of magnitude, point to corrosive effects in the  
gastrointestinal tract, hemolysis, nephrotoxicity and 
hepatic injury. The studies do not meet current standards 
because they lacked toxicokinetic data and did not sepa-
rate iodate-specific effects from the effects of an overdose 
of any form of iodine. With regard to tissue injury the data 
do, however, indicate a negligible risk of the very small 
oral chronic doses achieved with iodate-fortified salt. With 
respect to the potential genotoxicity and carcinogenicity of 
iodate, the proven genotoxic and carcinogenic properties 
of the chemical congener bromate raise the possibility of 
analogous activities of iodate. However, iodate has a lower 
oxidative potential than bromate, and it did not induce 
the formation of oxidized bases in DNA under conditions 
in which bromate did so. Furthermore, recent data have 
provided evidence for a lack of genotoxic activity of iodate, 
in contrast to the effects induced by bromate. Therefore, a 
genotoxic and carcinogenic hazard can most probably be 
excluded.

Abbreviations

ADI Acceptable daily intake
CHO  Chinese hamster ovary cells (cultures of 

which are used in many test systems)
DNA  Deoxyribonucleic acid (carries the genetic 

information in chromosomes)
FDA  Food and Drug Administration of the 

United States
GRAS  Generally recognized as safe (safety not 

established by specific testing, but assumed 
after long-term widespread use)

GSH  Glutathione, reduced form (a coenzyme in 
many redox reactions)

LD50  Lethal dose (dose at which 50% of test 
animals die)

NADH  Nicotinamide adenine dinucleotide 
reduced (a coenzyme in cell respiration)

NOEL  No observable effect level (highest dose in 
test animals that does not cause damage to 
the organs)

Introduction

Lack of iodine interferes with the synthesis of the main 
hormonal product of the thyroid gland, thyroxine, a com-
plex organic molecule containing four atoms of iodine 
(Figure 94.1). The elimination of iodine deficiency is usu-
ally achieved by adding iodine 20–80 mg/kg salt in the 
form of a sodium or potassium salt of iodide or iodate, the 
latter being preferred because of its better stability (Kelly, 
1953; Arroyave et al., 1956).

Following a request from the 43rd World Health 
Assembly, the Joint FAO/WHO Expert Committee on Food 
Additives (1991) stated: “Potassium iodate and potassium 
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iodide have a long-standing and widespread history of use 
for fortifying salt without apparent adverse health effects. 
In addition, no data are available indicating toxicological 
hazards from the ingestion of these salts below the level 
of the Provisional Maximum Tolerable Intake” (the limit 
being set at 1 mg iodine from all sources). The committee 
concluded that “potassium iodate and potassium iodide 
should continue to be used for this important public 
health purpose.” Health authorities therefore usually rec-
ommend the addition of iodate (WHO, 1996). However, 
a report prepared for the French authorities has expressed 
doubts pertaining to the safety of iodate, since publications 
on adequate genotoxicity testing were lacking (Boudène 
and Jaffiol, 1999). The present chapter updates our previ-
ous review (Bürgi et al., 2001), which in turn was based on 
earlier short reviews (Stanbury, 1991; Schulte-Hermann, 
1997). Table 94.1 explains the nomenclature of the differ-
ent iodine compounds discussed in this chapter and sum-
marizes their biological properties.

The chapter includes a section on the metabolism of 
iodate, since in the case of iodate toxicokinetics plays an 
important role in the toxicological evaluation. We have 
scanned the literature and looked at the regulatory status 
of iodate in the United States, Europe and Switzerland. 
The chapter will not deal with iodine-induced thyrotoxi-
cosis, since this is a problem of iodine supplementation in 
general, whether by iodate or iodide.

Physical and Chemical  
Properties of Iodate

Iodic acid, together with chloric and bromic acid, belongs 
to the class of oxohalogen acids with the general formula 
HOXO2 (where X denotes a halogen atom). Upon disso-
ciation, the halogenate anion XO3

− is formed. Halogenate 
salts are stable under most conditions, but due to their 
oxidative properties they may react rapidly and even 
explosively with easily oxidizable substances, such as car-
bon-containing organic compounds. Their oxidative prop-
erties, in particular, should be taken into account in the 
discussion of their mutagenic and carcinogenic potential. 
The principal chemical properties of the two most com-
monly used salts of iodic acid are compiled in Table 94.2 
(CRC Handbook, 1993; The Merck Index, 1996). Iodate 
may undergo several redox reactions, of which the major 
one can be presented as follows:

IO H I H O3 26 6 3− + − −+ + → +e

The standard redox potential of 1.085 V decreases to 
0.672 V at pH 7 and to 0.648 V at the physiological pH 
of 7.4.

CH2

NH2

CH COOH

Thyroxine

OH O

Figure 94.1 The structural formula of thyroxine – the main secre-
tory product of the thyroid gland. Thyroxine is a complex amino 
acid with hormonal properties. The molecule contains four atoms 
of iodine (heavy vertical bars), which makes up 65% of the molecu-
lar weight. The thyroid gland secretes 100 g of thyroxine daily. To 
function properly, it must take up at least 65 g of iodine daily. This 
necessitates a dietary daily intake of 130 g, because about half of 
the iodine taken in through the diet gets lost in the urine.

Table 94.1 Nomenclature and biology of iodine compounds discussed in this chapter

Iodine compound Chemical formula and dissociation Pathway in the body Remarks and uses

Potassium iodide KI ⇒ K  I I is rapidly taken up from gut, 
actively transported into thyroid 
cells and used for synthesis of 
thyroid hormone

Under air slow oxidation to I2 and loss 
by evaporation, enhanced by humidity 
and exposure to light. Used to iodize 
salt

Potassium iodate KIO K IO3 3⇒ ++ − IO3
 is rapidly taken up from 

gut, immediately reduced to 
iodide (I) and used as such by 
thyroid cells for the synthesis of 
hormone

Stable under air, exposure to humidity 
and light. Used to iodize salt

Iodine I2 (elemental iodine); term also 
used generically for all chemical 
forms of iodine

Possibly an intermediate in the 
synthesis of hormone within 
thyroid cells

Used as topical disinfectant. No use in 
IDD control

Notes: Both KI and KIO3 dissociate in aqueous solution into their respective anion and cation. Thyroid cells have a powerful mechanism 
to extract and accumulate iodide (I) from blood. Iodate ( IO3

 ) is rapidly reduced to Iodide (I) in the body and accumulated by the 
thyroid by the same mechanism. Thus, the final pathways of hormone biosynthesis are the same, irrespective of whether the iodine 
comes from iodate or iodide. This allows the use of both anions interchangeably.
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Table 94.3 shows that both chlorate and bromate are of 
similar oxidative potency, while that of iodate is lower by 
one third (CRC, 1993).

In considering the toxicological data of this review the 
following weight equivalents should be taken into account: 
100 mg iodine equals 137.9 mg iodate, 168.6 mg potas-
sium iodate and 156.0 mg sodium iodate.

Iodate in Human Food

For decades, bakeries in the United States and elsewhere 
have used iodates (and even bromates) as conditioners 
for dough, which exposed the American people to higher 
doses of iodine than is ordinarily the case for iodized salt 
(London et al., 1965). Other dough conditioners are 
being preferred now, and this is one of the reasons why 
the iodine intake of the American population has recently 
dropped from rather high to low normal values (Hollowell 
et al., 1998; Dunn, 1998). Iodate is added for the purpose 
of oxidizing sulfhydryl groups of flour proteins, thereby 
improving the rheological properties of the dough. By oxi-
dizing sulfhydryl groups, iodate is already reduced during 
mixing of the dough and it reaches the consumer as iodide 

(Hird and Yates, 1961). Therefore, the decade-long use 
of iodate in American bakeries without obvious adverse 
effects is no proof of its long-term safety. However, the 
rapid reduction to iodide in dough (and possibly in other 
foodstuffs) may minimize human exposure and contribute 
to the safety of iodate. Along these lines Wiechen and 
Hoffmann (1994) studied iodination of cheese by iodide 
and iodate lakes. In contact with ripening cheese a reduc-
tion of iodate to cheese-bound iodine species occurred, 
preventing iodine from penetrating a cheese loaf incubated 
in a salt bath. Human food is a complex organic mixture 
containing antioxidants, radical scavengers and oxidizable 
functional groups; the fate of iodate added to this mix-
ture is difficult to guess with the data presently at hand. 
The scant data leads one to infer that, once added to food, 
iodate may be rapidly reduced to iodide. The analysis of 
different iodine species in model meals prepared from 
iodate-containing ingredients with and without cook-
ing (which might additionally promote reduction) should 
allow a better risk assessment.

Human Exposure at Recommended 
Doses of Iodate

The recommended level of iodine is between 20 and 
80 mg/kg salt (equaling 28–110 mg iodate per kilogram 
salt). Given a maximal daily salt intake of 15 g, this results 
in a human exposure of at most 440–1700 g of iodate per 
day (9–34 g/kg/day assuming body weights of 50–70 kg). 
Much higher exposures may take place if, in the case of a 
nuclear disaster, radioprotection is attempted with iodate 
instead of iodide tablets (Pahuja et al., 1993). The dose 
for adult persons in such an emergency is 100 mg iodine 
(166 mg potassium iodate) daily over several days, which
 approaches doses that are toxic to the retina; we therefore 
advise the use of potassium iodide for this purpose.

Metabolism and Kinetics of Iodate

In pioneering experiments, using 128I prepared by F. Joliot-
Curie, Leblond and Süe (1941) have shown that after 
intravenous injection of 750 g iodate (an excessive iodine 
dose in this species) the rat thyroid gland accumulated 
radioactivity, although at a slower rate than when 128I was 
injected in the form of iodide. In rats and rabbits given 
much smaller, physiological doses (0.750–1.0 g of iodine) 
per os or intraperitoneally, the tracer was equally available 
to the thyroid, whether originating from iodate or iodide 
(Taurog et al., 1966). The tissue distribution of radioiodine 
in liver, kidneys, brain, heart, muscle, small intestine, stom-
ach, testes, submaxillary gland, skin, hair and thyroid was 
identical from both iodide and iodate. After iodate injection, 
radioactivity in tissues (as well as in urine) was exclusively in 
the form of iodide (Taurog et al., 1966; Olsen et al., 1979). 

Table 94.2 Physico-chemical properties of iodate salts

Potassium iodate Sodium iodate

Molecular weight 214.00 197.89
Form White crystal White crystal powder
Density 3.89 4.28
Melting point 560°C  

 (decomposition)
Decomposition

Solubility in H2O 4.7% (0°C); 32.3%  
 (100°C)

9% (20°C); 34%  
 (100°C)

Ratio of iodine in  
 the salt

59.3% 64.1%

Purity of commercial  
 products

? 99%

Notes: Physico-chemical properties of the two most common 
iodate salts. The Merck Index, (1996) CRC Handbook of 
Chemistry and Physics, (1993). Note the differing ratio of iodine 
in the salts. Both salts are highly soluble – a prerequisite for 
substances to be applied by spraying in aqueous solution to salt.

Table 94.3 Redox potentials in volts of iodate, bromate and 
chlorate at different pH values

pH 0 pH 7 pH 
7.4

Iodate 1.085 0.672 0.648
Bromate 1.423 1.01 0.986
Chlorate 1.451 1.038 1.014

Notes: At acid, neutral and “physiological” pH, the redox potential 
of iodate is one-third lower than that of its two chemical congeners; 
hence, it is least likely to cause oxidative damage to genetic 
material. CRC Handbook of Chemistry and Physics, (1993).
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Large doses of iodate (1.4–15 mg iodine per kilogram) 
blocked thyroidal uptake of injected labeled iodide in rats, 
again suggesting that iodine from iodate is available to the 
thyroid (Pahuja et al., 1993; Wyngaarden et al., 1952). 
When added to animal feed, iodate increases the iodine 
content of eggs and milk (Anke et al., 1998).

Iodate oxidizes iodide to I2 (which is volatile), thus 
increasing the instability of iodide. This interaction has 
important practical consequences: when iodized with a 
mixture of potassium iodate and iodide, bread loses 34% 
of its iodine over one week of storage, while with either 
iodide or iodate alone its iodine content remains stable 
(Anke et al., 1998).

In humans, Murray and Pochin (1951) have confirmed 
that isotopic iodine from iodate is available to the thyroid 
when given per os, but the bioavailability was about 10% 
lower than that of iodide. Five milligrams of iodine weekly 
per os reduced goiter prevalence among iodine-deficient 
children equally well, whether given in the form of iodate 
or iodide tablets (Scrimshaw et al., 1953). However, this 
study does not prove exact bioequivalence of the two 
iodine compounds, since the iodine dose by far exceeded 
the physiological requirement, which might have obscured 
minor differences in bioequivalence.

Thyroid slices incubated in vitro took up radioiodine 
from iodate, although at a slightly slower rate than from 
iodide (Taurog et al., 1966; Wolff and Maurey, 1963). 
The radioiodine accumulating in the slices was all in the 
form of iodide. Iodate was already partly transformed into 
iodide in the incubation medium (Wolff and Maurey, 
1963). After injection of large doses of iodate into rats, 
Leblond and Süe (1941) found that iodate in blood was 
quantitatively reduced to iodide within 40 min. After 
intravenous administration of intermediate iodate doses 
to rabbits (1000 g of iodine) and rats (95 g of iodine) 
transformation in the blood into iodide was complete in 
less than 1 min. In vitro, whole blood as well as extracts of 
liver, kidneys and brain reduced 84–99% of added iodate 
to iodide within 1 min, while washed red cells and serum 
were clearly less efficient (Taurog et al., 1966; Anghileri, 
1965). When high retinotoxic doses (30 mg/kg) were 
injected intravenously into rabbits, the iodate disappeared 
from the circulation and was transformed into iodide with 
a half life of 14 min (Olsen et al., 1979)). The reduction of 
iodate is a nonenzymatic process, which depends on the 
availability of sulfhydryl groups, e.g., in glutathione, and it 
is inhibited by N-ethylmaleimide, a familiar glutathione-
depleting agent (Taurog et al., 1966; Olsen et al., 1979).

One unresolved question regards the form in which 
iodine from iodate crosses the intestinal barrier into blood. 
Radioiodine-labeled iodate and iodide given by stomach 
tube to rats disappears equally fast from the gut in vivo 
(Taurog et al., 1966). Everted rat intestine in vitro eas-
ily transports iodide, but is impermeable to iodate. It has 
been postulated that the permeability barrier resides in the 

intestinal mucosa (Clarkson et al., 1961). It is therefore 
assumed that iodate, when given in small doses, is already 
reduced to iodide within the gastrointestinal lumen or, at 
the latest, in the gastrointestinal mucosa, but this hypoth-
esis has never been formally tested. When dogs are fed a 
dose of 200 mg/kg of potassium iodate in the form of gela-
tin capsules, their urine contains iodide as well as iodate 
(Webster et al., 1966). This suggests that in such excessive 
doses iodate does indeed cross the intestinal barrier.

In conclusion, iodine from iodate is available to the thy-
roid, whether given per os, injected intravenously, or added 
to the incubation medium of thyroid slices. However, it is 
most likely that iodate is reduced to iodide and reaches 
the thyroid gland in this form. The potent nonenzymatic 
reduction mechanisms in whole blood, in many tissues, in 
flour and in other food will greatly diminish general tissue 
exposure to iodate, but an exact risk assessment should be 
based on future toxico- and pharmacokinetic studies.

Government Regulatory Acts and 
Manufacturers’ Recommendations

Toxicity of iodates as bulk chemicals are not rated particu-
larly high by national regulatory agencies. The European 
Union considers iodates as nontoxic, with the labels R8 
(risk of ignition) and S17 (safety measures against fire). 
In the United States potassium iodate is not listed as haz-
ardous by government regulations. As a food additive it is 
given “generally recognized as safe” (GRAS) status. It may 
be added to flour at up to 0.0075% (75 parts per million 
based on the weight of flour) for baking bread or dough-
nuts. Low concentrations of various iodate salts, all con-
sidered equal from a regulatory standpoint, are permitted 
as mineral supplements for livestock (US Government 
Printing Office, 1997). In Switzerland, moderate toxicity 
is assumed, the toxicity class 3 restricting the use of pure 
iodates by the public at large, but the scientific evidence 
for this classification is not available; it is most likely based 
on acute toxicity (LD50 values). Many countries, including 
Switzerland, have created a legal basis for the addition of 
iodate to salt for human and animal use (Bürgi, 1999).

Material safety data sheets, while extensively recognizing 
fire and even explosive hazards, keep a low profile on the toxic 
properties of the bulk substance. They mention caustic prop-
erties on body surfaces, kidney failure, or central nervous sys-
tem damage as risks after chronic ingestion. The toxicological 
data section is, however, blank (MSDS Index, 2000).

Toxicity of Iodates

Human toxicity experience

Accidental poisoning by potassium iodate at doses of 
187–470 mg/kg body weight through the oral route 
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caused nausea, vomiting, diarrhea and marked loss of 
visual acuity. Ophthalmoscopic examination revealed exten-
sive retinal damage with degeneration of photoreceptor lay-
ers (Singalavanija et al., 1994, 2000). In another case, iodate 
caused blindness at a dose of only 10–20 mg/kg (Tong, 
1995). Parenteral intoxication occurred after treatment with 
an antibacterial preparation called Septojod (Pregl’s solution) 
in the 1920s. Several individuals developed blindness after 
systemic treatment for septicemia. Blindness resulted from 
damage to the pigment epithelium, and the toxic effects  
of Pregl’s solution could be attributed to iodate (reviewed 
by Lewis, 1996). “Note added in proofs: Three well-
 documented partients suffered severe visual loss...”.

Acute single-dose toxicity in animals

The oral LD50s of iodates have been reported to be in 
the range of 500–1100 mg/kg for mice; iodides were 
three times more toxic than iodates (Webster et al., 1957; 
Gosselin et al., 1976). Parenteral LD50s are in the range 
of 100–120 mg/kg in mice (reviewed by Webster et al., 
1959). The lowest parenteral lethal dose in rabbits was 
75 mg/kg. Mice apparently tolerated a single dose of 
250 mg/kg (Gosselin et al., 1976). Oral administration of 
200–250 mg/kg potassium iodate proved lethal in the dog. 
A surviving animal exhibited irreversible retinal degen-
eration (Webster et al., 1959). The cationic partner, i.e., 
sodium or potassium, does not modify toxicity (reviewed 
by Newton and Clawson, 1974).

Multiple dose and chronic toxicity

There is somewhat conflicting evidence of toxicity in animals 
exposed over 4 weeks to iodate dissolved in drinking water. In 
one study in mice, marked toxic effects such as hemolysis and 
renal damage occurred from 300 mg/kg upward with a no 
observable effect level (NOEL) of approximately 120 mg/kg, 
while guinea pigs exposed through the same route toler-
ated nearly 300 mg/kg without apparent effects (Webster  
et al., 1957). The functional assessment of ocular toxicity in 
these experiments was not adequate, but histological retinal 
degeneration was not seen. The authors did not determine 
the stability of iodate in the drinking solution. The NOEL in 
mice exceeded the maximal human exposure through iodized 
salt by a factor of approximately 400.

Dogs exposed orally from 66 to 192 days with doses of 
6–100 mg/kg/day apparently did not develop retinal dam-
age, since electroretinograms remained unchanged, although 
in some animals evidence of gastric toxicity and other minor 
abnormalities (indicative of hemolysis) were noted. The 
NOEL for retinal toxicity amounted to 300 times the high-
est human dose from iodized salt (Webster et al., 1966).

The growth performance of calves and pigs receiving 
iodine in the form of iodate added to feed was evaluated 
up to the end of growth (Newton and Clawson, 1974). 

Blood iodine levels were elevated at subtoxic doses of 
iodine, indicating adequate exposure. Iodine toxicity mani-
fested itself as reduced performance. Since iron supplemen-
tation prevented it, this toxicity may have resulted from an 
apparent interference of iodate or iodine, respectively, with 
iron uptake or utilization. NOELs for pigs were observed 
at 400 parts per million (ppm) calcium iodate added to 
hog mash; calves were more susceptible with a NOEL of 
only 25 ppm. The toxic signs were attributed either to iron 
deficiency or to general iodine toxicity.

All these studies are, in part, incomplete; nonetheless, 
they may be sufficient to derive adequate safety factors for 
overt organ toxicity by iodate (not iodine!).

Reproductive toxicity

A formal program of testing for the reproductive toxicity of 
iodate does not exist. An oral dose of 1 mg/kg given twice 
weekly to pregnant dams and to offspring over 14 months 
had no toxic effect in the rabbit, (Murray and Pochin, 
1974; Grant, 1974; Ogata et al., 1989). These doses are at 
least 10 times higher than the maximal human exposure 
from iodized salt. Doses retinotoxic to the rabbit dam, how-
ever, can apparently also cause irreversible damage to the 
retina of offspring (for review see Sugimoto et al., 1996). 
In order to ascertain the hypothesis that maternal NOELs 
are safe for the fetus, a better definition of the toxicokinetic 
behavior of small iodate doses, such as those applied by 
iodized salt, would be necessary for risk assessment.

Oculotoxicity

The tragic human experience with the antibacterial prepa-
ration Septojod (see Human toxicity experience) stimu-
lated research into the toxicological mechanisms of iodate. 
Oral exposure to iodate causes retinal damage only at doses 
exceeding human exposure through iodized salt by two 
orders of magnitude (Singalavanija et al., 2000; see preced-
ing sections). All relevant mechanistic experiments have 
been performed with parenteral (intraperitoneal, intrave-
nous, intra-arterial and intraocular) exposures. Since overt 
retinal toxicity was the prime goal of such exposures, the 
authors did not determine the threshold dose for ocu-
lar damage, i.e., innocuous doses, blood concentrations 
and kinetics of iodate are unknown. In rats, 10 mg/kg 
sodium iodate administered intravenously as bolus vis-
ibly damaged the retinal pigment epithelium, induc-
ing cell injury and a proliferative response (Ogata et al., 
1989; Sorsby and Harding, 1966). This must be near the 
threshold dose: Heike and Marmor (1990) have shown by 
recording electroretinograms and studying the histomor-
phology of the eyes that 12.5 mg/kg intravenously did not 
produce retinal damage, whereas 20 mg/kg did; a formal 
dose–response curve was however not established. A recent 
experiment in young male mice followed up to 6 months 
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after an intravenous bolus of 1% sodium iodate gave an 
apparent no-effect level of 35 mg/kg, while 50 mg/kg and 
higher doses were toxic to the retina in a dose-dependent 
manner (Enzmann et al., 2006). The blood–retina bar-
rier and the retinal pigment epithelium are the primary 
targets of iodate toxicity (for review see Li et al., 2006). 
This toxicity is associated with the oxidizing properties 
of iodate, since the damage threshold is lowered by other 
oxidizers and raised by antioxidants, e.g., glutathione, 
given shortly before, or combined with, iodate (Sorsby 
and Reading, 1964). When given 30 min after an intra-
venous iodate bolus, the retinal pigment epithelium, and 
subsequently the retina, can no longer be protected by 
glutathione (GSH) (Heike and Marmor, 1990). It appears 
that, in order to elicit retinal toxicity, the doses of iodate 
must exceed the capacity of endogenous radical scavenger 
systems (Sorsby and Reading, 1964). Here again, toxi-
cokinetic data on the fate of low oral doses of iodates are 
needed for proper assessment of ocular risk.

Many other phenomena, such as inflammatory and 
reparative responses, have been described using the model 
of iodate retinopathy (Li et al., 2006; Harris et al., 2006). 
Attempts to mitigate the oxidative damage by trophic  
factors appear to have succeeded (Ohkata et al., 2006).

Genotoxicity

Until recently, in contrast to the related halogenate com-
pounds, chlorate and especially bromate, data on the geno-
toxic and mutagenic activity of iodate were scarce. In a 
meeting abstract Eckhardt et al. (1982) reported that iodate 
did not induce mutations in Salmonella typhimurium, that 
it did not increase the frequencies of micronuclei in mouse 
bone marrow cells and that no increase in recessive lethal 
mutations in Drosophila melanogaster could be observed. By 
contrast, bromate induced a significant increase in the fre-
quency of micronucleated erythrocytes, and chlorate proved 
to be mutagenic in bacteria and Drosophila. Since this 
abstract contains no experimental details, and since no raw 
data from the experiments could be retrieved (E. Gocke, 
personal communication), the results cannot be assessed 
properly. In the “Discussion and Assessment of Hazard” sec-
tion, we shall nevertheless try to judge their plausibility by 
taking into account the redox properties of iodate in com-
parison with those of bromate, sufficient genotoxicity data 
being available for the latter, as well as some recent compara-
tive data on deoxyribonucleic acid (DNA)-damaging effects.

Another paper reported that iodate exerted an anti-
mutagenic activity toward aflatoxin B1-induced mutations 
in a Salmonella mutagenicity test, although only when 
assayed with strain TA 100, but not with TA 98 (Francis  
et al., 1988). The relevance of this finding is unknown.

Ueno et al. (2000) investigated cytotoxic and mutagenic 
activities of a number of oxyhalides in strains of Escherichia 
coli lacking either catalase (Cat), or superoxide dismutase 

(Sod), or both (Cat-Sod). Unfortunately the authors 
tested only NaBrO3, but not iodate, for mutagenic activ-
ity. However, comparing the various interactions of the 
different oxyhalides with cysteine and their relationships 
to the cytotoxic effects induced, the authors concluded 
that iodate proved to be cytotoxic, especially toward 
strains deficient in Sod or Cat-Sod, thus rendering the 
involvement of reactive oxygen species likely. The addition 
of cysteine diminished the oxidative cytotoxic damage that 
iodate inflicted on the bacteria. Bromate, however, did not 
produce cytotoxic oxidative damage unless co-incubated with 
cysteine. Also, the in vitro mutagenic activity of bromate 
was contingent on the presence of cysteine or other reduc-
ing agents, which obviously are acting as mediators of oxi-
dative damage. A further hint at a possible involvement 
of reactive oxygen species in the effects of iodate on living 
cells may be derived from findings that have demonstrated 
a radiosensitizing effect of iodate ( Kada, 1969; Myers and 
Chetty, 1973).

Parsons and Chipman (1999, 2000) have demonstrated 
that iodate, in the absence as well as in the presence of glu-
tathione, did not produce oxidative damage to calf thymus 
DNA as measured by the appearance of 8-hydroxyde-
oxyguanosine, while bromate significantly increased the 
amount of 8-hydroxydeoxyguanosine formed in the pres-
ence of reduced glutathione (GSH). Bromate also induced 
DNA strand breakage in the Comet assay with human 
lymphocytes, an effect that was diminished by pretreatment 
of the cells with diethylmaleate, a depletor of intracellu-
lar GSH. However, co-incubation of bromate and extra-
cellular GSH also decreased DNA damage (Parsons and 
Chipman, 2000). The time course of the DNA-damaging 
effect was followed in a rat kidney epithelial cells Comet 
assay; it showed a first activity peak at 15 min, followed by 
a decrease in the breakage of the DNA strand up to 4 h and 
a second activity peak after 24 h of exposure. For iodate this 
effect was apparent only at the first time point measured, 
i.e., 15 min after the start of the in vitro treatment. DNA 
strand breakage then had decreased at 4 h and remained at 
that level at 24 h (Parsons, personal communication). For 
both compounds, the depletion (oxidation) of glutathione 
proceeded in the same way and to the same extent. This 
observation points again to a qualitative difference between 
the actions of these two compounds, possibly due to an 
induction of lipid peroxidation by bromate (Chipman  
et al., 1998), but not by iodate.

More recently, Poul et al. (2004) tested iodate along-
side bromate in two different in vitro tests – the alkaline 
Comet assay and the cytokinesis-block micronucleus assay. 
Iodate concentrations of up to 10 mM failed to induce 
primary DNA damage as determined in the Comet assay, 
while bromate significantly increased damage at concentra-
tions of 2.5 mM and above. The results of the Comet assay 
could be confirmed by those obtained in the second test 
system, which detects not only clastogenic events, but also 



The Toxicology of Iodate 915

other chromosomal aberrations such as aneuploidy. In this 
system, also, iodate proved to be devoid of any effects up 
to a concentration of 10 mM, while bromate increased the 
number of micronuclei at 2.5 mM and exhibited very high 
and statistically significant activity at 5 mM and above. 
The authors therefore concluded that iodate, in contrast to 
bromate, does not exhibit genotoxic properties.

Carcinogenicity

Iodate has never been tested for carcinogenicity, in contrast 
to bromate, which is a recognized renal carcinogen. The 
International Agency for Research on Cancer has con-
cluded in the monograph for potassium bromate (IARC, 
1999) that “potassium bromate is possibly carcinogenic 
to humans (Group 2 B),” based on “inadequate evidence” 
for carcinogenicity in humans, but “sufficient evidence” 
in experimental animals. In view of the structural analogy 
and the physico-chemical similarity between bromate and 
iodate, it has to be seriously considered whether iodate, 
could also present a certain carcinogenic hazard. The pos-
sible lack of genotoxicity may, however, supersede the lack 
of data on the carcinogenicity of iodate and allow for a 
tentative plausibility assessment (see below). An overview 
of the genotoxicity and carcinogenicity studies is presented 
in Table 94.4.

Discussion and Assessment of Hazard

Acute, chronic, and reproductive toxicity

Iodate is used worldwide to fortify salt with iodine. This 
chronically exposes entire populations to around 1 mg 
iodate per day, an exposure that is in the same order of 
magnitude as some chronically taken drugs, e.g., digoxin. 
Only during the past 10 years has it been realized that 
iodate toxicology has not been fully-assessed according to 
actual standards of systematic toxicology programs.

We found no recent systematic toxicology program carried 
out according to actual standards allowing a valid assessment 
of the risk by small oral doses of iodate, such as those envis-
aged by fortified salt. In particular, subchronic and chronic 
NOELs were not established, since many aspects of potential 
toxicity were only covered by observation and relatively crude 
clinical and postmortem assessments. In addition, none of the 
acute, subacute and chronic toxicity studies performed in the 
1950s and 1960s paid attention to toxicokinetics (Murray 
and Pochin, 1953; Webster et al., 1957, 1959, 1966; Newton 
and Clawson, 1974). Exposures by the oral route in some 
of these studies may be questioned, because dosing occurred 
through drinking water. In the absence of analytical data on 
iodate concentration and stability in this medium, it is not 
possible to determine whether the actually ingested iodate 
dose was not lower than that assumed by the investigators.

Table 94.4 An overview of published results of genotoxicity tests of iodate

Iodate Bromate Chlorate

Mouse bone marrow micronucleus test: Looks for small nucleus-like structures in 
erythrocytes from bone marrow of animals exposed to the test substance; these 
“micronuclei” are due to material from damaged chromosomes not included in the 
daughter nuclei during the metaphase–anaphase transition of mitosis, and left behind in 
the erythrocytes after expulsion of the nucleus from the erythroblasts

  n.t.

Drosophila recessive lethal mutation test: Looks for increased embryonic lethality in 
Drosophila melanogaster, a fly species, due to recessive mutations induced by the test 
substance

 n.t. 

Salmonella reverse mutation assay (Ames test): Looks for back mutation to autotrophy 
(independence from exogenously supplied histidine) of cultured mutant Salmonella 
(auxotroph, deficient in histidine biosynthesis and thus dependent on exogenous supply 
of this amino acid) after exposure to the test substance

  

Calf thymus oxidative DNA damage: 8-hydroxydeoxyguanosine is measured as a 
marker of oxidative DNA damage caused by test substance

  n.t.

DNA breaks, rat epithelial kidney cells (Comet assay): Cultured cells are exposed to 
test substance and then lysed under alkaline conditions. The mobility of DNA from the 
nuclei of individual cells in an electrical field is low for high-molecular-weight DNA, but 
DNA breakage results in higher mobility and in a comet-tail like electrophoresis pattern

?  -

DNA breaks, CHO-K1 cells (Comet assay): (see above)   -

Cytokinesis-block micronucleus assay: DNA breakage induced by a test substance 
leads to DNA fragments that are not included in the daughter nuclei after mitosis. 
When cytokinesis is blocked, these fragments are visible as micronuclei in the resulting 
binucleate cells

  n.t.

Notes: Results of tests for genotoxicity of iodate, compared with two other halogenate anions. Symbols: () test negative; (?) test 
questionably positive; () test positive; () test strongly positive; (n.t.) no test results published. DNA, deoxyribonucleic acid.
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Despite these reservations, we may conclude that the 
maximal exposure to 34 g/kg/day of iodate through 
the use of iodized salt should present no risk for func-
tional or structural lesions. This dose is lower than the 
peroral NOEL for reproductive toxicology of iodine itself  
(2–3 mg/kg/day) by a factor of 100, the usual safety factor 
for establishing acceptable daily intakes (ADI) (Beckmann 
and Brent, 1984). Ocular toxicity, in particular, is most 
unlikely to occur since repeated oral exposures to 100 mg/
kg in dogs have failed to induce retinal damage (Webster 
et al., 1966). Contrary to Pahuja et al.(1993), however, we 
do not recommend that persons exposed to fallout after 
a nuclear disaster receive iodate. The dose recommended 
for radioprotection is 100 mg iodine daily over several 
days, which amounts to 138 mg (or 2.3 mg/kg) iodate per 
day: this dose appears close to retinotoxic doses reported 
from human accidental intoxications (Singalavanija et al., 
2000).

Formal studies of reproductive toxicity of iodates are 
also lacking. In view of the toxic effects of excessive doses 
of iodine on the fetus and the unlikely exposure of the fetal 
system to iodate for the metabolic (toxicokinetic) reasons 
outlined above, there appears to be no need for additional 
studies.

Genotoxicity and carcinogenicity

There are no data on the carcinogenicity of iodate, but 
its carcinogenic risk may be estimated by extrapolation 
of the biological properties of bromate, a chemical conge-
ner and a known carcinogen. By doing so, we must take 
into account a number of aspects, including the available 
genotoxicity data, the potential mutagenic mechanism 
of action, the redox potentials and the relative reactivity 
toward cellular components.

A meeting abstract (Eckhardt et al., 1982) reported a 
lack of mutagenic activity for iodate toward Salmonella, 
but bromate was also reported negative, in contrast 
to other publications asserting its mutagenicity in the 
presence of an exogenous metabolic activation system 
(Kawachi et al., 1980; Ishidate et al., 1984). Therefore, 
this negative result for iodate may not carry much weight. 
However, the most recent publications on genotoxicity of 
iodate, as well as mechanistic hypotheses presented and 
discussed in other papers, seem to point to the absence 
of mutagenicity of iodate in comparison to bromate. In 
the most recent publication (Poul et al., 2004), iodate 
was shown to completely lack genotoxic properties: it 
did not induce primary DNA damage determined in 
the Comet assay, nor did it induce micronuclei in an in 
vitro study with Chinese hamster ovary (CHO) cells, in 
contrast to the clear genotoxic effects of bromate in both 
these assay systems. Several publications have furthermore 
shown that bromate, as a result of the oxidative stress it 
induces, increases the level of 8-hydroxy-deoxyguanosine 

(Parsons and Chipman, 2000). Bromate mutagenicity in 
vitro depends on the presence of readily oxidizable sub-
stances, such as glutathione, cysteine, or nicotinamide 
adenine dinucleotide reduced (NADH) in the activation 
system. This points to an indirect action, probably medi-
ated by oxidizing species other than the bromate ion itself, 
rather than to a direct oxidative effect of bromate, as has 
already been discussed in the study by Ueno et al. (2000). 
In agreement with this, an earlier study reported that 
the induction of oxidative DNA damage (i.e., increased  
formation of 8-hydroxy-deoxyguanosine) by potassium 
bromate in vitro required the concomitant presence of 
GSH (Ballmaier and Epe, 1995). Also, the experiments of 
Parsons and Chipman (2000) with bromate demonstrated 
that GSH was a necessary component for the induction 
of oxidative damage to naked DNA, and that depletion of 
intracellular GSH decreased the DNA-damaging poten-
tial of bromate, while extracellular GSH had a protective 
role, possibly because the resulting oxidative molecular 
species could not penetrate into the cell. The experiments 
with a variety of quenchers and scavengers of reactive oxy-
gen species suggest that the mutagenicity of bromate, as 
assessed by the formation of 8-hydroxy-deoxyguanosine 
in DNA, was probably mediated by a bromine (or hypo-
bromite/bromite) radical, rather than by the creation of 
reactive oxygen species. This has also been concluded by 
Poul et al. (2004) who showed that repair of the DNA 
damage induced by bromate did exhibit a time course  
different from the one expected for a purely oxidative-
stress-inducing agent; they concluded that several mecha-
nisms, in addition to the induction of oxidative stress, 
should be operational in the case of bromate. The results 
of Ueno et al. (2000) could then be interpreted to mean 
that a similar reaction of iodate with these substrates 
(i.e., cysteine, glutathione, or NADH) would not lead to 
analogous reactive molecular species, i.e., iodine-derived 
radicals. Cytotoxicity of iodate would therefore involve 
a different mechanism, namely direct oxidative damage, 
e.g., to cell membranes, by reactive oxygen species. Indeed, 
under the same experimental conditions as those used with 
bromate, iodate was unable to induce the formation of  
8-hydroxydeoxyguanosine (Parsons and Chipman, 2000).

In summary, iodate may be considered as devoid of  
genotoxic properties, in contrast to bromate and in spite 
of its oxidizing potential. Although no recent in vivo geno-
toxicity studies are available, the absence of effects in vitro 
on DNA and chromosomal structure for exposures up 
to concentrations of 10 mM can safely be interpreted to 
indicate a complete lack of genotoxic (and carcinogenic) 
effects at the doses to which humans will be exposed by 
the consumption of iodate-fortified salt. Taking into  
consideration various attributes of iodate, it seems that 
currently there is no urgent need to change the existing 
salt iodization programs from iodate to iodide. However, 
we repeat the plea made in our previous review that 
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toxicological testing must be updated to meet actual  
standards (Bürgi et al., 2001).

Three well-documented patients suffered severe visual loss 
after intrapleural instillation of 200–500 ml of a 10% povi-
done-iodine solution that contained approximately 1.5% 
potassium iodate as a stabilizer (Wagenfeld et al. 2007).

Summary Points

l Iodate has been conferred GRAS status by the Food 
and Drug Administration of the United States (FDA).

l Iodate has been used over decades as an additive to salt 
and bread without notable toxic effects (except iodine-
induced hyperthyroidism).

l Iodate is added to salt in low amounts.
l Iodate is probably reduced to iodide in food or at least 

in the intestinal mucosa, thus decreasing systemic 
exposure.

l Iodate has shown no toxic-effect levels with regard to 
organ toxicity, which are at least 100 times higher than 
the exposure expected from intake of iodized salt.
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Abstract

Iodine is essential for the synthesis of thyroid hormones 
in the human body. Supposed “allergic” reactions to 
iodine-containing compounds are a frequently encoun-
tered phenomenon in the healthcare arena. However, it 
has been a commonly-held myth that allergies to contrast 
media or shellfish implied that the patient was allergic to 
iodine. While patients can have hypersensitivity reactions 
to iodine, true allergic reactions are quite rare and despite 
popular belief, infrequently associated with the use of 
iodine-containing compounds such as contrast medium, 
povidone-iodine, shellfish, potassium iodide, or amiodarone. 
This chapter reviews the evidence which disproves the myths 
associated with reactions to iodine-containing compounds. 
In patients with documentation of a reaction to an iodine-
containing compound in the medical chart, it is impor-
tant to determine the source (topical, oral, or intravenous), 
severity and type of reaction. Patients with severe reactions 
should have emergency treatments, such as epinephrine and 
histamine blockers, ready in case a reaction occurs in future. 
It is important to educate healthcare providers and patients 
about this misconception to ensure patient safety and provi-
sion of necessary therapy when needed.

Abbreviations

IgE Immunoglobulin E
ROAT Repeated open application test

Introduction

Many people have “iodine allergy” documented in their 
patient record; however, a true allergic reaction to iodine 
is quite rare (Meth and Maibach, 2006). The majority of 
these patients have had an adverse reaction following the 
injection of iodinated contrast media or perhaps after the 
ingestion of seafood (Huang, 2005). Are these reactions 

true allergies to iodine itself? Iodine is an essential mineral 
used by the body for maintaining the normal function of 
the parathyroid and thyroid glands, as well as for synthe-
sizing thyroid hormones. Several commonly used products 
contain iodine, such as radiocontrast media, amiodarone, 
potassium iodide, povidone-iodine, seafood, fish, iodized 
salt, bread, certain vitamins and other drugs (Table 95.1). 
Does a previous reaction to shellfish preclude a patient 
from using contrast media and vice versa? Should other 
iodine-containing products be avoided in these patients?

Types of Iodine Reactions

In order to determine if a patient reaction is a true allergy, 
it is imperative to understand the relevant definitions to 
avoid confusion and potential mislabeling of a reaction. 
The term “allergy” describes a type 1 hypersensitivity in 
which immunoglobulin E (IgE) antibodies are formed 
against a protein (Sicherer, 2004). These antibodies bind 
to the IgE receptors found on mast cells and basophils 
causing histamine release. In an anaphylactoid reaction, 
histamine is also released, but the reaction is not mediated 
by IgE (Maddox, 2002). An anaphylactic or anaphylactoid 
reaction to contrast media is also not a true allergy in most 
cases, because the patient usually has not been exposed to 
contrast media before the event. The reaction can occur 
within minutes of exposure to volumes as small as 1 ml 
(Guéant-Rodriguez et al., 2006). Hypersensitivity can be 
used to describe events with either an immune or nonim-
mune etiology, while “sensitivity” generally implies a non-
immunologic response (Sicherer, 2004).

These reactions can be further classified as immediate, 
occurring within 1 h of exposure, or delayed, presenting up 
to 1 week after contact with the compound. Anaphylactic 
reactions are typically immediate and include symptoms 
from nausea and itching to bronchospasm, hypotension, 
and death. Most dermatologic reactions are delayed and 
resolve without treatment (Meth and Maibach, 2006). For 
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a detailed list of clinical manifestations by organ system, 
see Table 95.2.

Iodine-Containing Products

Iodinated contrast media

Many patients with “iodine allergies” discovered them after 
receiving iodinated contrast media during a diagnostic 
procedure. Approximately 50 million procedures are per-
formed worldwide requiring the use of iodinated contrast 
media. Within the general population, 1–2% have anaphy-
lactoid (nonallergic) reactions to these agents (Tramèr et al., 
2006). There are several different types of contrast agents. 
Contrast media can be categorized as ionic or nonionic and 
monomer or dimer (Idée et al., 2005). Ionic agents have a 
higher osmolality than blood and are associated with more 
adverse reactions (Maddox, 2002). The selection of an 
appropriate agent can significantly reduce the risk of reac-
tions. For instance, the use of a nonionic, low-osmolar 
agent reduces the incidence of mild-to-moderate immedi-
ate reactions from 12% to 3% (Meth and Maibach, 2006). 

Nonionic dimers, such as Iodixanol® and Iotrolan®, are 
commonly used agents today, but their use may be limited 
by their cost (Sicherer, 2004).

Pathophysiology of the Reaction Unfortunately, the 
mechanism behind patients’ reactions to iodinated con-
trast media is not well-understood. There is evidence 
that the immediate reaction is associated with histamine 
release (Guéant-Rodriguez et al., 2006). Laroche et al. 
(1998) measured histamine levels in patients with severe 
contrast media reactions and discovered increased levels 
of histamine in the plasma. Interestingly, the higher hista-
mine levels were associated with the more severe reactions 
(Laroche et al., 1998). The cause of this histamine release 
is still conflicting and heavily debated in the medical lit-
erature. Current hypotheses include: IgE-mediated reac-
tion; chemotoxic effects; osmolality of the contrast media; 
heterogeneity of cell release; and activation of the com-
plement system (Guéant-Rodriguez et al., 2006). A T-cell 
mediated, type-IV hypersensitivity is more widely accepted 
as the mechanism behind delayed reactions. These patients 
present much like other T-cell mediated drug reactions 
and about 50% of them test positive to contrast media 
skin tests (Meth and Maibach, 2006).

Risk Factors There are certain variables that place 
patients at higher risk of experiencing an adverse reac-
tion to contrast media. Two organizations have identified 
these significant risk factors for contrast media reactions. 
The European Society of Urogenital Radiology (2007) 
identifies asthmatics, patients with a previous moderate or 
severe generalized reaction to contrast media, and patients 
with an allergy that required medical treatment, as being 
at increased risk of adverse reactions. Additional risk fac-
tors recognized by the American College of Radiology 
Committee on Drugs and Contrast Media (2004) include 
significant cardiac dysfunction, renal disease, labile emo-
tional state, and the presence of certain carcinomas such as 
multiple myeloma or thyroid gland carcinoma. Table 95.3 
highlights the significant risk factors for adverse reactions 

Table 95.1 Commonly used iodine-containing drugs

Drugs Iodine content

Oral or local
 Amiodarone 75 mg/tablet
  Calcium iodine (e.g., Calcidine 

 syrup)
26 mg/ml

 Iodoquinol (diidohydroxyquin) 134–416 mg/tablet
  Echothiophate iodide ophthalmic 

 solution
5–41 mg/drop

 Hydriodic acid syrup 13–15 mg/ml
 Iodochlorhydroxyquin 104 mg/tablet
 Iodine-containing vitamins 0.15 mg/tablet
 Idoxuridine ophthalmic solution 18 mg/drop
 Kelp/seaweed 0.15 mg/tablet
 Lugol’s solution 6.3 mg/drop
 Ponaris nasal emollient 5 mg/0.8 ml
  Saturated solution of potassium 

 iodine (SSKI)
38 mg/drop

Topical antiseptics
  Iodoquinol (diiodohydroxyquin) 

 cream
6 mg/g

 Iodine tincture 40 mg/ml
 Iodochlorhydroxyquin cream 12 mg/g
 Iodoform gauze 4.8 mg/100 mg gauze
 Povidone-iodine 10 mg/ml

Radiology contrast agents
 Diatrizoate meglumine sodium 370 mg/ml
 Propyliodone 340 mg/ml
 Iopanoic acid 333 mg/tablet
 Ipodate 308 mg/capsule
 Iothalamate 480 mg/ml
 Metrizamide 483 mg/ml before 

dilution
 Iohexol 463 mg/ml

Source: Reprinted with permission from Farwell and Braverman (2006).

Table 95.2 Clinical manifestations of contrast media reactions 
by the organ system

Organ system Clinical symptoms

Cutaneous (skin) Er ythema, urticaria, pruritus, angioedema, 
maculopapular eruptions, erythema 
multiforme, fixed drug eruptions, vasculitis

Cardiovascular Hy potension, light-headedness, dizziness, 
fevers, chills, vasodilation, tachycardia, 
cardiac arrest, shock

Gastrointestinal Nausea, vomiting
Respiratory Dy spnea, laryngeal edema, bronchospasm, 

coughing, sneezing

Source: Reprinted with permission from Meth and Maibach (2006).
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to contrast media identified in clinical trials and guidelines. 
High-risk patients include those with previous moderate-
to-severe reactions, history of asthma or atopy, concomi-
tant beta-blocker therapy, cardiac or renal dysfunction 
and the severely debilitated (Canter, 2005). Other factors 
that have been associated with an increased risk include 
female gender, Indian descent, dose or injection rate, intra-
venous route of administration and the concurrent use of 
interleukin-2 or beta blockers. Younger age has also been 
discussed as a risk factor given the higher prevalence of 
reactions in patients aged 15–39 years; however, the more 
severe reactions tend to strike patients aged 60 years and 
older (Idée et al., 2005).

Role of Premedication Regimens The American 
College of Radiology Committee on Drugs and Contrast 
Media (2004) published two premedication regimens 
that may be used in high-risk patients receiving contrast 
media (Table 95.4). It is recommended that a combina-
tion of a multiple-dose regimen of oral corticosteroids and 
an antihistamine starting 12 or 13 h before the expected 
procedure is used. The American College of Radiology 
Committee on Drugs and Contrast Media (2004) also 
recommends the use of low-osmolality contrast media in 
patients deemed at high risk for adverse reactions.

The European Society of Urogenital Radiology (2007) 
recently updated their guidelines on prevention of generalized 
contrast medium reactions in adults (Table 95.4). A non-ionic 
contrast medium is preferred. However, no consensus has 
been reached regarding the use of premedication with non-
ionic agents. These guidelines recommend premedication 
in all high-risk patients receiving ionic contrast media. They 
currently suggest oral prednisolone or methylprednisolone 
starting 12 h before the use of contrast media. Corticosteroids 
given less than 6 h before contrast media have not proven 

effective in preventing adverse reactions. However, unlike 
the American College of Radiology, the addition of hista-
mine 1 and 2 blockers is not routinely recommended due 
to conflicting results in clinical trials, but these agents may 
be used in conjunction with corticosteroids. In patients with 
previous significant reactions to contrast media, a different 
contrast agent should be utilized to minimize the risk of a 
repeat reaction. It is the Society’s general recommendation 
to have resuscitation drugs in the exam room (Table 95.5). 
Furthermore, the patient is to be observed for 20–30 min 
after receiving contrast media to monitor for adverse reac-
tions (Morcos and Thomsen, 2001). In the event an adverse 

Table 95.3 Recognized risk factors for adverse reactions to 
contrast media

Previous moderate or severe reactions requiring treatment
History of atopy or asthma
Ca rdiac disorders, particularly New York Heart Association class 

III or IV heart failure
Renal disease
Gout
Anxiety disorder
Me dications: beta-blockers, aspirin, nonsteroidal antiinflammatory 

drugs, aminoglycosides, interleukin-2, cyclosporine, cisplatin, 
other nephrotoxic drugs

Severely debilitated or elderly patients
Women
Dehydration
He matological diseases predisposing to thrombosis (e.g., sickle 

cell anemia, polycythemia vera)

Source: Adapted with permission from Morcos and Thomsen 
(2001) and Canter (2005).

Table 95.4 Premedication regimens for patients at high risk or 
those with previous reactions to contrast medium

American College of Radiology
 Regimen 1
   Pr ednisonea 50 mg PO 13 h, 7 h, and 1 h prior to contrast plus 

diphenhydramine 50 mg IV, IM, or PO 1 h prior to contrast
 Regimen 2
   Me thylprednisolonea 32 mg PO 12 and 2 h prior to contrast 

/ diphenhydramine 50 mg IV, IM, or PO 1 h prior to 
contrast

European Society of Urogenital Radiology
 Regimen 1b

  Prednisolone 30 mg PO at 12 and 2 h prior to contrast
    / Histamine 1 and 2 blockers
 Regimen 2b

  Methylprednisolone 32 mg PO at 12 and 2 h prior to contrast
    / Histamine 1 and 2 blockers

Source: American College of Radiology Committee on Drugs and 
Contrast Media (2004), European Society of Urogenital Radiology 
(2007), http://www.esur.org/fileadmin/Guidelines/ESUR_2007_
Guideline_6_Kern_ubersicht.pdf Last accessed March 20, 2007.
aHydrocortisone 200 mg IV may be substituted for prednisone or 
methylprednisolone in patients unable to tolerate oral therapy.
bFirst dose of corticosteroid should be given at least 6 h prior to 
contrast medium for maximal efficacy.

Table 95.5 Emergency drugs and supplies for treatment of 
contrast dye reactions

Oxygen 6–15 l/min
Adrenaline 1:1000, 0.1–0.3 ml
Diphenhydramine 25–50 mg IV or alternative H1 blocker such as 
chlorpheniramine maleate 4–8 mg PO or 10–20 mg IV
Atropine 0.5–1 mg IV (up to 3 mg)
2-agonist metered dose inhaler or nebulized solution
Hydrocortisone 100–200 mg IV
IV fluids – normal saline or lactated Ringer’s solution
Antiseizure medications (diazepam)
Sphygmomanometer
One-way mouth “breather” apparatus

Source: European Society of Urogenital Radiology (2007), http://
www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_
Kern_ubersicht.pdf Last accessed March 20, 2007, Morcos and 
Thomsen (2001).

http://www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_Kern_ubersicht.pdf
http://www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_Kern_ubersicht.pdf
http://www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_Kern_ubersicht.pdf
http://www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_Kern_ubersicht.pdf
http://www.esur.org/fileadmin/Guidelines/ESUR_2007_Guideline_6_Kern_ubersicht.pdf


922 Damage and Disease Due to Iodine Toxicity

effect should occur, the practitioner should be familiar with 
the possible reactions and their treatment. Most reactions 
are self-limiting and do not require treatment. However,  
the patient should be observed and intravenous access should 
be maintained until the patient has made a full recovery. The 
European Society of Urogenital Radiology (2007) guidelines 
direct clinicians in the management of all contrast medium 
adverse reactions requiring active treatment, from transient 
nausea to severe anaphylactoid reactions. Table 95.6 lists the 
treatment strategies for managing serious reactions to con-
trast media (Morcos and Thomsen, 2001).

Review of Medical Literature Evaluating Premedication 
Regimens A recent meta-analysis (Tramèr et al., 2006) 
highlights the disappointing efficacy of premedication 
in preventing serious anaphylactic reactions to contrast 
media and discourages its routine use. Nine trials using 
either corticosteroids or histamine blockers were analyzed 
separately. They determined that the incidence of respira-
tory symptoms in patients receiving contrast media was 
reduced from 1.4% to 0.4% (odds ratio 0.31 [0.11–0.88]) 
and the incidence of grade 3 (potentially life-threatening) 
respiratory and hemodynamic symptoms, such as shock, 
bronchospasm, convulsions, hypotension, arrhythmias, 
etc., dropped from 0.9% to 0.2% (odds ratio 0.28 [0.13–
0.60]) in patients premedicated with corticosteroids. Based 
on these results, 100–150 patients needed to be premedi-
cated with corticosteroids to prevent one potential life-
threatening reaction from iodinated contrast media. A 
limitation of this meta-analysis is the fact that no studies 
testing antihistamines plus corticosteroids were included 
in this analysis. It is common practice to use these agents 
together, and is supported by the American College of 
Radiology Committee on Drugs and Contrast Media 
(2004) guidelines. The authors recognized that antihis-
tamines are beneficial against skin reactions and corticos-
teroids may help against respiratory symptoms; therefore, 
their combination may improve efficacy (Tramèr et al., 
2006). Clinical trials proving the efficacy of a combination 
of corticosteroid plus antihistamine therapy are lacking in 
English literature. Studies performed by Greenberger, et al. 
(1985) and Marshall and Lieberman (1991) compared the 
following three regimens: (1) corticosteroid plus antihista-
mine; (2) corticosteroid plus antihistamine plus ephedrine; 
and (3) corticosteroid plus antihistamine plus ephedrine 
plus cimetidine. The result for both studies showed no 
difference in reaction rates between the groups. Clinicians 
should be aware that premedication is not guaranteed 
to prevent all adverse reactions; therefore, resuscitative 
agents should be made available in case a life-threatening 
reaction occurs. Tramèr et al. (2006) concluded that pre-
medication should not be routine for all patients receiving 
contrast media unless a previous reaction occurred, since 
it is not 100% effective in patients with previous allergic 

reactions to contrast dye, especially given the cost and 
potential harm of treating a large number of patients with 
corticosteroids to prevent one event. It is also important to 
remember that the use of premedications is not without 
adverse effects. The adverse drug reactions reported in the 
trials assessed by Tramèr et al. (2006) included gastroin-
testinal upset, bitter taste, nausea and headache with the 
use of corticosteroids, and drowsiness and anticholinergic 
symptoms with antihistamines. Deaths have been reported 
with the use of corticosteroid medications for contrast dye 
prophylaxis in patients with contraindications. The practi-
tioner must always weigh the risk versus the benefit when 
considering a patient for premedication.

Table 95.6 Treatment of serious acute reactions to contrast 
media

Severe bronchospasm
 Oxygen by mask (6–10 l/min)
  2 -Agonist salbutamol (albuterol) administered by nebulizer 

(5 mg in 2 ml saline)
  Ad renaline injection if the bronchospasm is progressive and/or 

has decreased blood pressurea

Laryngeal edema
 Oxygen by mask (6–10 l/min)
 Adrenaline injectiona

Hypotension without bradycardia
 Elevate patient’s legs
 Oxygen by mask (6–10 l/min)
 Rapid intravenous fluidsb

  If  unresponsive, then vasopressor administration (dopamine 
infusion, 2–5 g/kg/min) or adrenaline injectiona

Vagal reaction (hypotension and bradycardia)
 Elevate patient’s legs
 Oxygen by mask (6–10 l/min)
 Rapid intravenous fluidsb

  At ropine 0.6 mg intravenously, repeat if necessary at 3–5 min up 
to 3 mg total

Anaphylactoid generalized reaction
 Call for resuscitation team
 Ensure unobstructed patient’s airways
 Elevate patient’s legs
 Oxygen by mask (6–10 l/min)
 Rapid intravenous fluidsb

 Hydrocortisone 500 mg intravenously
 Adrenaline injectiona

Source: Reprinted with permission from Morcos and Thomsen 
(2001).
aIntramuscular injection of 0.5 ml of 1:1000 adrenaline preparation 
is recommended in preference to intravenous administration 
(0.5–1 ml of 1:10,000 adrenaline preparation), which requires 
careful ECG monitoring and should be administered very slowly, 
ideally by experienced personnel. According to the Project Team 
of the Resuscitation Council in the United Kingdom, adrenaline 
1:1000 preparation should never be used intravenously and 
subcutaneous administration is not helpful in acute life-threatening 
situations.
bIntravenous fluids: crystalloids, normal saline, or lactated Ringer’s 
solution.
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Seafood

Unfortunately, many patients and healthcare professionals 
still believe that there is a correlation between the iodine 
content of fish and shellfish and seafood allergies. To prove 
the prevalence of this misconception, Huang (2005) per-
formed a survey of both patients and parents at his pediatric 
allergy clinic over a 2-year period. Seventy-five patients with 
a positive history of an immediate allergic reaction to either 
shellfish or fish were questioned about their allergy. An 
overwhelming 92% believed their seafood allergy was due to 
iodine. Almost 70% of the patients surveyed were unaware 
of the iodine content in foods they eat every day, such as 
vegetables, bread, eggs, dairy products, meat, fish and salt. 
In addition, a majority of the patients had been previously 
told to avoid contrast media due to this allergy (Huang, 
2005). This allergic tendency is one hypothesis explaining 
the increased incidence of contrast media reactions in these 
patients (Sicherer, 2004). However, while some have found 
a nonspecific cross-reactivity between seafood allergy and 
reaction to contrast media, others have disputed this find-
ing. It has been shown that patients with allergies are more 
likely to have reactions to contrast media due to their atopy 
in general, not due to the seafood specifically or the iodine 
content of seafood (Coakley and Panicek, 1997).

Seafood Allergies Related to Protein Content It is well 
documented throughout medical literature that the allergic 
reaction experienced after seafood consumption is not due 
to iodine content at all. Rather, it is actually a consequence 
of sensitivity to the proteins found in these products. The 
patients who react to fish and shellfish have allergies to par-
valbumin and tropomyosin, respectively (Sicherer, 2004). If 
this were a true iodine allergy, patients would react to the 
iodine in the other iodine-containing foods listed above, 
likely eaten on a daily basis in larger quantities (Huang, 
2005). Atoms or molecules such as iodine are not complex 
enough to be antigens and can act only as haptens, which 
cause hypersensitivity reactions only when combined with a 
carrier molecule (Coakley and Panicek, 1997).

Amiodarone

Amiodarone is an antiarrhythmic drug that contains sub-
stantial amounts of iodine (Figure 95.1). One 200 mg tablet 
of amiodarone contains 75 mg of iodine and intravenous 
solutions contain 18.7 mg/ml (Wyeth Laboratories, 2003). 
This amount is quite significant considering that the rec-
ommended daily allowance of iodine is 150 mcg (Roti and 
degli Uberti, 2001). It would seem that a patient with a 
true iodine allergy could potentially react to amiodarone. 
However, the current medical literature does not report the 
occurrence of such reactions. There have been four pub-
lished case reports of patients with documented reactions 

to either contrast media or seafood tolerating treatment 
with amiodarone without any problem (Brouse and 
Phillips, 2005; Beall et al., 2007). In one case reported by 
Beall et al. (2007), the patient had a history of allergy to 
both penicillin and shellfish, but had no reaction to oral 
amiodarone initiated on a chronic basis. Three cases of 
patients with previously documented reactions to either 
“iodine,” contrast media, or seafood who received amio-
darone were published by Brouse and Phillips, (2005). The 
first patient had an allergy to “iodine” and contrast media 
in the medical chart. The patient had a previous skin rash 
as a result of intravenous contrast dye administration. A 
loading dose and chronic maintenance regimen of amio-
darone was initiated and caused no reaction. The second 
case reported a history of vomiting, stomach cramps and 
skin rash after eating shrimp. He had no known reaction 
after receiving either intravenous or oral contrast media 
or povidone-iodine solution for medical procedures in the 
past. Even after receiving a 150 mg bolus dose of intrave-
nous amiodarone, he had no reaction. The third case had 
a history of “rash due to iodine” documented in the medi-
cal chart, but the rash was actually following exposure to 
intravenous contrast dye. The patient received a total intra-
venous and oral loading regimen of amiodarone consisting 
of 10.4 g without incident (Brouse and Phillips, 2005).

Amiodarone-Induced Anaphylaxis Conversely, there is 
at least one published report of amiodarone-induced ana-
phylaxis immediately after exposure to a 300 mg intrave-
nous dose (Fransi and Briedis, 2004). The World Health 
Organization Adverse Drug Reactions database also has 
another 19 reports of anaphylaxis documented following 
exposure to amiodarone (Noble, 2004). Anaphylaxis is 
listed as a rare adverse drug reaction with amiodarone in 
the package insert (Wyeth Laboratories, 2003). However, 
there is no documentation that these patients with amio-
darone-induced anaphylaxis had any previous history 
of allergy to iodine-containing compounds. Due to the 
aforementioned cases by Brouse and Phillips (2005) and  
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Figure 95.1 Amiodarone chemical structure. From http://
lysine.pharm.utah.edu/netpharm/netpharm_00/gifs/amiodarone.
gif Accessed March 13, 2007, with permission.
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Beall et al. (2007) where no reaction occurred following a 
second exposure to an iodine-containing compound (ami-
odarone) after initial exposure to either contrast media or 
seafood, the reaction is unlikely to be due to the iodine 
content. There are no reported cases of patients having an 
anaphylactic or anaphylactoid reaction after receiving ami-
odarone with a previous history of reaction to an iodine-
containing compound.

Potassium iodide

Another iodine-containing product, potassium iodide, 
is used in radiation emergencies to block thyroid uptake 
of radioactive iodine. It has been given to patients living 
near nuclear power plants as prophylaxis against radia-
tion caused by accidental discharges, as well as terrorism 
attacks. The Adverse Reactions to Foods Committee and 
the Adverse Reactions to Drugs and Biologicals Committee 
issued a statement regarding the use of potassium iodide in 
patients allergic to iodine. They agreed that an anaphylac-
toid reaction to contrast media or iodine-containing anti-
bacterial products did not translate into a contraindication 
for potassium iodide. Lastly, the committee concluded that 
if there is no evidence of an IgE-antibody-mediated reac-
tion, a patient should not be denied treatment with potas-
sium iodide simply because of a previous reaction to other 
iodine-containing compounds (Sicherer, 2004).

Povidone-iodine preparations

For centuries, iodine-containing products have been used 
as antiseptics and disinfectants (Marks, 1982). These 
preparations are available in aqueous solutions, aerosols, 
tincture of alcohol, antiseptic gauze pads, swab sticks and 
foam (Lee et al., 2005). Iodophor is a complex of iodine 
and a carrier molecule which increases iodine’s solubility 
and slows down the release of iodine, thus prolonging its 
effect. Povidone-iodine is the most commonly used iodo-
phor. Its germicidal activity against most bacteria, fungi, 
yeast and protozoa make it an ideal agent for hand hygiene 
and degerming of preoperative skin, wounds and mucous 
membranes. Povidone-iodine preparations contain 10% 
povidone-iodine with additives of concentrated glycerin 
and polyoxyethylene nonylphenyl ether. Povidone-iodine 
preparations are commercially available under many differ-
ent trade names, including Betadine® (Juhäsz, 2002).

Povidone-Iodine Adverse Reactions Adverse reac-
tions associated with povidone-iodine application include 
unpleasant odor, skin irritation and allergic reactions. 
Systemic absorption through topical application may result 
in metabolic acidosis, hypothyroidism (neonates), hyper-
thyroidism, electrolyte disturbances and kidney dysfunc-
tion (Wax, 2006). Several case reports by Marks (1982), 

Lachapelle (2005), Tosti et al. (1990) and Erdmann, et al. 
(1999) have reported cutaneous skin reactions in patients 
with and without previously documented iodine hyper-
sensitivity. Both allergic and irritant contact dermatitis 
caused by povidone-iodine have been characterized as 
erythematous papules to chemical burns, accompanied 
by vesicles, bullae and erosions in the area of application. 
The reactions may be associated with prolonged applica-
tion of large quantities of povidone-iodine (Lachapelle, 
2005; Iijima and Kuramochi, 2002). Sowa et al. (2006) 
described the first patient with generalized allergic con-
tact dermatitis with eosinophilia due to povidone-iodine 
exposure. This patient had reported an acute urticaria of 
the left arm spreading to the neck and face 20 min after 
being swabbed with a povidone-iodine preparation during 
a surgical procedure 2 years prior (Sowa et al., 2006).

Povidone-Induced Hypersensitivity Reactions Vaginal 
and skin application of povidone-iodine has been reported 
to cause anaphylactoid or anaphylactic reactions to povi-
done, the carrier molecule in povidone-iodine (Le Pabic 
et al., 2003; Waran and Munsick, 1995). Numerous 
studies have evaluated the use of patch testing to deter-
mine irritant versus allergic reactions to povidone-iodine. 
Patch testing with 10% povidone-iodine may result in 
false positive reactions because the likelihood of irrita-
tion resembling an allergic reaction is high. Lachapelle 
(2005) recommends using the repeated open application 
test (ROAT) of 10% povidone-iodine to rule out allergic 
contact dermatitis due to povidone-iodine. Van Ketel and 
van den Berg (1990) described eight patients with positive 
patch test reactions to povidone-iodine 5–10% in petrola-
tum or povidone-iodine solution, ointment, or scrub. Five 
of these eight patients had negative patch test reactions to 
potassium iodide, and three patients undergoing open test 
with iodine tincture had completely negative reactions; 
however, all patients reacted again to povidone-iodine. The 
authors concluded that an allergy to povidone-iodine is not 
based on sensitization to iodine. It has been reported by 
Kunze et al. (1983) that the rate of positive patch test reac-
tions in patients with iodine allergy is 6–25% with povi-
done-iodine ointment and 34–60% with povidone-iodine 
solutions. It is important to note that cutaneous reac-
tions with povidone-iodine are rare. Only two true aller-
gic contact dermatitis reactions were reported in a series 
of 500 patients receiving povidone-iodine applications, 
and most reports in the literature are likely due to skin 
irritation rather than iodine content (Lachapelle, 2005). 
Although there are reports which suggest that iodine may 
be involved with some reactions to povidone-iodine, it is 
clear that most documented reactions are due to the carrier 
povidone. Regardless, in patients with an iodine allergy 
or previous history of povidone-iodine hypersensitivity, 
 povidone-iodine should be used cautiously only after eval-
uating the nature and severity of the previous reaction.
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Summary Points

l Although iodine is a common factor linking con-
trast media, seafood and amiodarone, it should not be 
assumed that reactions to these compounds are due to 
the iodine content.

l Clinicians should be mindful of a patient’s reported 
adverse reactions to iodine-containing products when 
considering the initiation of other agents containing 
iodine, because their atopy may lead to reactions with 
other compounds.

l Until more studies are completed and more is known 
about the mechanism behind reactions to iodine-con-
taining compounds, it is unclear if these responses are 
true type 1 hypersensitivities.

l There is scant evidence that the iodine content of either 
contrast media or povidone-iodine is linked with reac-
tions to these products, and there is no evidence that 
the iodine content of seafood is related to reactions with 
these foods.

l Contrast media can induce an immune reaction lead-
ing to histamine release; povidone-iodine can cause 
both allergic and irritant contact dermatitis; and the 
tropomyosin protein content of seafood can lead to 
IgE-mediated hypersensitivity reactions.

l It is not appropriate to mark a patient’s medical chart 
with “iodine allergy” if a patient has a reaction to an 
iodine-containing product; rather, it should be marked 
only with the individual product invoking the reaction.

l The future publication of case reports in “iodine allergic” 
patients, documenting their experiences with other iodine-
containing compounds, including the source product, dos-
age, severity and type of reaction, and route administered, 
may shed light on this cloudy picture. Previous exposure 
to iodine-containing food products consumed (fish, bread, 
salt, vitamins, etc.) should also be documented.

l Patients with previous severe reactions should have 
emergency treatments, such as epinephrine and hista-
mine blockers, ready upon re-exposure in case a future 
reaction occurs.

l In the meantime, it is important to educate patients and 
other healthcare professionals to limit misconceptions.
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Abstract

Few normal individuals develop thyroid dysfunction, 
even when their iodine intake is excessive. However, a 
high iodine intake can lead to iodine-induced thyroid 
dysfunction in susceptible persons, especially those with 
underlying thyroid disease, as well as fetuses and neonates. 
Development of iodine-induced thyroid dysfunction is 
influenced by prior iodine status, and such thyroid dys-
function is prevalent in iodine-deficient areas. Iodine-con-
taining pharmaceuticals, such as povidone-iodine (PVP-I), 
radiographic contrast media and amiodarone, are a major 
cause of iodine overload. Among the types of thyroid dys-
function induced by iodine-containing pharmaceuticals, 
hypothyroidism in the fetus or neonate and amiodarone-
induced thyrotoxicosis are severe problems. Long-term 
treatment with PVP-I, even at relatively low doses, can 
also lead to thyroid dysfunction. Amiodarone has intrin-
sic effects on the thyroid gland and thyroid hormone  
production, in addition to those related to an excessive 
iodine load and it induces dysfunction more frequently 
than any other iodine-containing pharmaceutical. Iodine-
induced hyperthyroidism, especially thyrotoxicosis caused 
by amiodarone, is often difficult to treat, whereas iodine-
induced hypothyroidism usually resolves after iodine with-
drawal. Individuals at risk of developing iodine-induced 
thyroid dysfunction should be observed carefully when 
they are treated with iodine-containing pharmaceuticals.

Abbreviations

AIH Amiodarone-induced hypothyroidism
AIT Amiodarone-induced thyrotoxicosis
DEA Desethylamiodarone
FT4 Free thyroxine
IL-6 Interleukin-6
PVP-I Povidone-iodine
rT3 Reverse triiodothyronine
T3 Triiodothyronine

T4 Thyroxine
TgAb Thyroglobulin antibody
TPO Thyroid peroxidase
TSH  Thyroid-stimulating hormone 

(thyrotropin)

Introduction

Iodine is an essential component of thyroid hormones, 
and iodine deficiency can lead to severe hypothyroidism. 
On the other hand, excessive iodine intake also results 
in thyroid dysfunction in certain persons. Coindent 
described the first case of iodine-induced hyperthyroidism 
in 1821 (Fradkin and Wolff, 1983), and Hurxthal (1945) 
reported the first case of iodine-induced hypothyroidism. 
Ingestion of iodine-rich foods, such as seaweed, can cause 
hyperthyroidism, and the incidence of hyperthyroidism 
showed an increase in regions of dietary iodine deficiency 
after prophylactic iodization of bread or salt. Iodine-
containing pharmaceuticals, such as povidone-iodine  
(PVP-I), radiographic contrast media and amiodarone, 
are a major source of excessive iodine intake (Wolff, 1969; 
Fradkin and Wolff, 1983; Markou et al., 2001; Roti and 
degli Uberti, 2001).

The effect of excessive iodine intake on thyroid func-
tion, the role of iodine-containing pharmaceuticals, and 
clinical aspects of iodine-induced thyroid dysfunction are 
discussed in this review.

Effects of Excessive Iodine Intake on 
Thyroid Hormone and Thyroid Function

Various effects of excessive iodine intake on thyroid 
function have been described, but the exact mechanism 
by which iodine overload induces thyroid dysfunction 
remains unclear.

Suppression of the organification of iodine in the thy-
roid gland by high doses of iodine was originally described 
by Wolff and Chaikoff (1948), and is known as the acute 
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Wolff–Chaikoff effect. Raben (1949) showed that this 
effect was dependent on the amount of iodine in the thy-
roid gland and not on the plasma concentration of iodine. 
The acute inhibitory effect of iodine overload is usually 
transient. Intrathyroidal iodine decreases within a few 
days despite a high plasma iodine concentration and thy-
roid hormone synthesis then returns to the previous level. 
This resumption of the organification of iodine is known 
as the “escape” phenomenon (Wolff, 1969), and it means 
that hypothyroidism will not develop in most individuals 
despite excessive iodine intake.

It has been suggested that iodine-induced hypothy-
roidism, especially that occurring in patients on amiodar-
one therapy, fetuses and neonates, is caused by failure of 
the thyroid gland to escape from acute inhibition (Pitsiavas  
et al., 1999; Theodoropoulos et al., 1979).

It is well-known that iodine administration induces 
thyroid autoantibodies, and many studies have suggested 
that excessive iodine intake may enhance thyroid-related 
autoimmunity. Weetman et al. (1983) showed that iodide 
enhanced immunoglobulin synthesis by human periph-
eral blood lymphocytes in vitro. In addition, Sundick 
et al. (1987) found that high-iodine thyroglobulin was 
more immunogenic than low-iodine thyroglobulin. 
Furthermore, Premawardhana et al. (2000) reported 
that both thyroglobulin antibody (TgAb) and thyroid  
peroxidase (TPO) antibody were commonly detected 
in schoolgirls after iodine prophylaxis. Finally, Boukis  
et al. (1983) showed that 42.8% of 58 goiter patients had 
microsomal antibodies and 22.5% became TgAb-positive 
due to excessive iodine intake.

A high level of iodide may also be harmful for the  
thyroid gland. Vitale et al. (2000) showed that excessive 
levels of iodide, generated through the oxidation of ionic 
iodine by endogenous peroxidases, induced apoptosis of thy-
roid gland cells (thyrocytes) through a mechanism involving 
the generation of free radicals. Bagchi et al. (1995) sug-
gested that iodine-induced damage to thyrocytes through 
the generation of reactive oxygen species might be an  
initial event in the induction of autoimmune thyroiditis 
by iodine.

Excessive iodine intake permits the autonomous thyroid 
tissue to synthesize and release large amounts of thyroid 
hormone (Roti and degli Uberti, 2001).

Iodine-Containing Pharmaceuticals 
that Induce Thyroid Dysfunction

There are many iodine-containing pharmaceuticals that 
can cause thyroid dysfunction. The majority of patients 
with such drug-induced thyroid dysfunction are found 
among those treated with inorganic iodine preparations, 
such as potassium iodide, sodium iodide, hydrogen iodide, 
or Lugol’s solution (Wolff, 1969; Fradkin and Wolff, 
1983). These days, however, the major sources of iodine 

overload are PVP-I, contrast media and amiodarone 
(Tables 96.1 and 96.2).

Few normal persons develop thyroid dysfunction 
despite excessive iodine intake. However, certain persons, 
especially those with underlying or former thyroid disease, 
as well as fetuses and neonates, are susceptible to pharma-
cological doses of iodine (Markou et al., 2001; Roti and 
degli Uberti, 2001). Iodine is excreted via the kidneys, so 

Table 96.1 Commonly used iodine-containing drugs

Drugs Iodine content

Oral or local
 Amiodarone 75 mg/200 mg tab
 Benziodaronea 49 mg/100 mg tab
  C alcium iodide (e.g., Calcidrine 

Syrup)
26 mg/ml

 Diiodohydroxyquin (e.g., Yodoxin) 34 mg/tab
  E chothiophate iodide ophthalmic 

solution (e.g., Phospholine)
5–41 g/drop

 Hydriodic acid syrup 13–15 mg/ml
  I odochlorhydroxyquin (e.g.,  

 Entero-Vioform)
104 mg/tab

  Iodinated glycerol (e.g., Organidin,  
  Iophen)

15 mg/tab, 25 mg/ml

  Is opropamide iodide (e.g., Darbid, 
Combid)

1.8 mg/tab

 Kelp 0.15 mg/tab
 KI (e.g., Quadrinal) 76 mg/100 mg, 24 mg/ml
 Lugol’s solution 6.3 mg/drop
  N iacinamide hydroiodide  KI  

(e.g., Iodo-Niacin)
115 mg/tab

 Ponaris nasal emollient 5 mg/0.8 ml
 SSKI 38 mg/drop

Parenteral preparation
 Sodium iodide, 10% solution 85 mg/ml

Topical antiseptics
  D iiodohydroxyquin cream (e.g., 

Vytone)
6 mg/g

 Iodine tincture 40 mg/ml
  Io dochlorhydroxyquin cream (e.g., 

Vioform)
12 mg/g

 Iodoform gauze (e.g., NuGauze) 4.8 mg/100 mg gauze
  P ovidone iodine (PVP-I) solution 

(Betadine)
10 mg/ml

Radiographic contrast media
  D iatrizoate meglumine sodium  

(e.g., Renogrfin-76)
370 mg/ml

 Iodized oil 380 mg/ml
 Iopanoic acid (e.g., Telepaque) 333 mg/tab
 Ipodate (e.g., Oragrafin) 308 mg/cap
 Iothalamate (e.g., Angio-Conray) 480 mg/ml
 Metrizamide (e.g., Amipaque) 483 mg/ml (before dilution)

Note: There are many iodine-containing pharmaceuticals that can 
cause thyroid dysfunction. The majority of patients with such drug-
induced thyroid dysfunction used to be found among those treated 
with inorganic iodine preparations, such as potassium iodide, 
sodium iodide, hydrogen iodide, or Lugol’s solution. These days, 
however, the major sources of iodine overload are PVP-I, contrast 
media and amiodarone 
Source: Roti and Vagenakis (1991).
aNot FDA approved.
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the inorganic iodine level is elevated in patients with renal 
failure and the presence of renal failure is a risk factor for 
iodine-induced thyroid dysfunction (Sato et al., 1992).

Iodine-induced hypothyroidism usually improves within 
a few weeks after iodine withdrawal, but some patients 
require temporary hormone replacement therapy (Wemeau, 
2002). Unless there is underlying Graves’ disease, patients 
with iodine-induced hyperthyroidism do not have exoph-
thalmos (Fradkin and Wolff, 1983; Roti and degli Uberti, 
2001). Unlike hypothyroidism, iodine-induced hyperthy-
roidism is often not self-limited, and medication is required 
in addition to discontinuation of iodine-containing phar-
maceuticals (Rajatanavin et al., 1984).

Development of iodine-induced thyroid dysfunction is 
influenced by a person’s prior iodine intake. Cases of thy-
rotoxicosis being induced by contrast media are mainly 
reported in Europe or Australia, where dietary iodine levels 
are low, as described by Fradkin and Wolff (1983). Except 
for cases due to amiodarone, the incidence of iodine-
induced hyperthyroidism is very low in regions where 
dietary iodine is adequate (Roti and degli Uberti, 2001). 
Neonates treated with PVP-I often develop hypothyroidism 
in iodine-insufficient regions of Europe, but rarely do so in 
iodine-sufficient regions of the United States, as described 
by Brown et al. (1997). Thus, persons who live in areas 
where iodine is deficient in the diet are at risk of devel-
oping thyroid dysfunction induced by iodine-containing 
pharmaceuticals.

Among the types of thyroid dysfunction induced by 
such pharmaceuticals, hypothyroidism in the fetus or 
neonate and amiodarone-induced thyrotoxicosis (AIT) are 
severe problems.

The fetus and neonate are both at risk of developing 
iodine-induced hypothyroidism (Table 96.3). Many cases 
of such hypothyroidism in fetuses and neonates have been 
reported, especially in iodine-deficient regions of Europe, 
but also in iodine-sufficient areas. Iodide goiter in neonates 
is usually a transient problem. However, tracheal obstruc-
tion due to such goiter can be fatal (Markou et al., 2001; 
Wolff, 1969). Transient hypothyroidism without eleva-
tion of thyroid-stimulating hormone (TSH) in extremely 

premature infants is correlated with neurodevelopmental 
impairment (van Wassenaer et al., 2002). However, it is 
unclear whether transient iodine-induced hypothyroidism 
associated with elevation of TSH results in a poor neu-
rodevelopmental outcome.

There are many reasons why fetuses and newborn 
infants are more likely to develop hypothyroidism due 
to iodine-containing pharmaceuticals. The ability of the  
thyroid gland to escape from acute inhibition is defective 
in the fetus and neonate (Theodoropoulos et al., 1979), 
so both fetuses and newborns are sensitive to iodine over-
load. Also, the capacity to synthesize and release thyroid  
hormones is low in preterm babies (Ares et al., 1997).

Iodine readily crosses the placenta (Wolff, 1969), and 
significant amounts of iodine are concentrated by the 
mammary gland and secreted into the breast milk (Spencer 
et al., 1986; Koga et al., 1995; Roti and degli Uberti, 
2001). The high permeability of the skin of neonates can 
lead to iodine overload when iodine-containing antisep-
tics are applied (Mitchell et al., 1991; Pyati et al., 1977). 
Additionally, the renal clearance of iodine is poor in  
newborn infants (Aliefendioǧlu et al., 2006).

The problem of AIT is discussed later in this chapter.

PVP-I and thyroid dysfunction

PVP-I is used frequently in various fields as a broad- 
spectrum topical disinfectant for bacteria, funguses, viruses 
and protozoa. It is a powder containing 10% iodine 
(Figures 96.1 and 96.2). The available iodine content in the 
preparation varies from 0.05 to 1%. PVP-I solutions used 
for disinfection of the skin or wounds have a 1% iodine 
content.

Little iodine is absorbed by healthy skin in a short 
period (Moody et al., 1988), so there is no concern about 
potential absorption of iodine after washing the hands with 
PVP-I (Nobukuni and Kawahara, 2002). However, iodine 
absorption from sites of topical treatment with PVP-I is 

Table 96.2 Recently used nonionic contrast media

Agents Iodine content (mg/ml)

Iopamidol (e.g., Niopam, Iopamiron,  
 Isovue)

150–370

Iopromide (e.g., Ultravist, Proscope) 150–300
Iomeprol (e.g., Iomeron, Imeron) 300–400
Iohexol (e.g., Omnipaque) 140–350
Ioversol (e.g., Optiray) 160–350
Iodixanol (e.g., Visipaque) 270–320
Iotrolan (e.g., Isovist) 240–300

Note: Recently nonionic contrast agents are commonly used in 
radiological studies. Preparations of various concentrations are in 
the market.

Table 96.3 Background of iodine-induced hypothyroidism in 
the fetus and neonate

1. The acute Wolff–Chaikoff effect
 The ability to escape from the acute inhibition is defective
2. Excessive iodine supplied by their mother
 Iodine is readily transferred across the placenta
  Amounts of iodine concentrated by the mammary gland are 

secreted into the milk
3. High permeability of skin
  The permeability of newborn’s skin permits iodine overloading 

when iodine-containing antiseptics are applied
4. The low iodine renal clearance
5. The low capability to synthesize/release thyroid hormones

Note: The fetus and neonate are both at risk of developing 
iodine-induced hypothyroidism. Many cases of hypothyroidism 
in newborns have been reported, especially in iodine-deficient 
regions of Europe, but also in iodine-sufficient areas.
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enhanced if it is applied to injured skin or mucosal sur-
faces, or even to extensive areas of intact skin (Dela Cruz 
et al., 1987). High permeability of the skin of neonates 
allows the absorption of large amounts of iodine.

Vaginal douching with PVP-I by women can cause 
transient hypothyroidism in their neonates and increased 
the false-positive rate of screening for congenital hypothy-
roidism in an iodine-deficient region of Germany (Grüters 
et al., 1983), and even in iodine-sufficient areas of Japan 
(Koga et al., 1995). It has been suggested that iodine-rich 
breast milk may play an important role in this increased 
recall rate (Chanoine et al., 1988; Koga et al., 1995).

Iodine is readily absorbed when PVP-I is applied to 
the skin of a newborn infant, because of high cutaneous 
permeability, and neonates are very sensitive to iodine 
overload, as described previously. Topical PVP-I therapy 
is associated with a significant risk of hypothyroidism in 
neonates, especially very-low-weight babies (Smerdely  
et al., 1989). Many cases of hypothyroidism induced by 
topical use of PVP-I have been reported in newborn infants, 
mainly from iodine-deficient regions (Markou et al., 2001). 
However, a case of severe hypothyroidism in a neonate was 
also reported from North America, an iodine-sufficient 
region (Khashu et al. 2005). A premature infant developed 
severe hypothyroidism that required l-thyroxine replace-
ment therapy after application of PVP-I for 20 days.

The serum iodine concentration is extremely elevated 
in patients who have severe burns and are treated with 
PVP-I. Rath et al. (1988) reported two cases of hyperthy-
roidism in burn patients. Both patients had no history of 
thyroid disease and follow-up examination after recovery 
from injury revealed normal thyroid function. After topical  
treatment with PVP-I was discontinued, the thyroid 
function of these patients returned to normal within a 
few weeks. In one patient, PVP-I treatment was repeated 

and this led to hyperthyroidism, which was also readily 
reversible.

There have been many reports of a decrease in thy-
roxine (T4) and triiodothyronine (T3), as well as an 
increase in TSH, in burns patients receiving PVP-I treat-
ment. However, these changes in thyroid hormones may  
represent part of general stress response (Becker et al., 
1980).

Iodine is readily absorbed from mucosal surfaces. 
Peritoneal lavage with PVP-I was reported to frequently 
induce transient thyroid dysfunction in patients from 
Germany where dietary iodine ingestion is relatively low 
(Gortz et al., 1984). In Japan (an iodine-sufficient region), 
however, intraoperative bowel irrigation with PVP-I does 
not cause thyroid dysfunction (Tsunoda et al., 2000).

Long-term treatment with PVP-I, even at a relatively 
low dose, can result in thyroid dysfunction. Out of 27 
patients in whom PVP-I was applied on the tracheotomy 
site, the gastrostomy site, the external urethral meatus, or 
an ulcerated skin for 3–133 months (mean  standard 
deviation 48.0  33.2), subclinical hypothyroidism was 
seen in 3 patients, mild hyperthyroidism was seen in 1 
patient, and subclinical hyperthyroidism was suspected 
in 7 patients (Nobukuni et al., 1997). Sato et al. (2007) 
reported two cases of hypothyroidism induced by pro-
longed habitual gargling with PVP-I for 4 and 10 years, 
respectively. Shetty and Duthie (1990) and Valayer-
Chaleat et al. (1998) reported cases of hyperthyroidism 
in patients who received topical application of PVP-I for  
6 months to treat decubitus ulcers.

Contrast media and thyroid dysfunction

Iodine-induced thyroid dysfunction after administration of 
iodine-containing contrast media has mainly been reported 
in areas where dietary iodine intake is not adequate (Wolff, 
1969; Fradkin and Wolff, 1983). The iodine content of 
iodinated contrast media varies from 50 to 480 mg/ml. 
Iodine bound to a molecule of contrast medium is unable 
to be taken up by the thyroid gland. However, deiodina-
tion of contrast medium and contamination of the prepa-
ration by free iodide leads to an increase of the serum level 
of inorganic iodine. For example, infusion of ioglycamide 
which is usually given in doses containing 5 g of iodine, 
results in a load of 5–50 mg of iodide during the first day 
after exposure as a result of deiodination. Ten percent of 
the administered ioglycamide dose is stored in the liver for 
at least 2–4 months and continues to release iodide (Kallee 
et al., 1980). The level of contaminating free iodide ranges 
from 1 to 20 g/ml for the different contrast media (Laurie 
et al., 1992), which corresponds to a load of 0.05–4 mg of 
iodide when routine doses (50–200 ml) are used.

Conn et al. (1996) described the occurrence of frank 
hyperthyroidism in 2 out of 73 patients after radiological 
studies. Both of the patients who developed clinical and 
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Figure 96.1 The PVP-I complex. Povidone-iodine (PVP-I), 
a complex of the polymer polyvinylpyrrolidone and iodine, is a 
water-soluble powder containing 10% iodine. The available iodine 
content in the preparation varies from 0.05 to 1%. PVP-I solu-
tions used for disinfection of the skin or wounds have a 1% iodine 
content.

(PVP • H�) I3
� (PVP • H�) I� � I2

Figure 96.2 The chemical equilibrium of PVP-I in aqueous 
medium. In the solution, a chemical equilibrium develops. The 
complex-linked iodine is a reservoir for prolonged delivery.
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biochemical hypothyroidism were elderly (aged 72 and 
83 years, respectively). In four other patients, either free 
thyroxine (FT4) was elevated or TSH was suppressed, and 
one of them developed atrial fibrillation. In another series, 
8 out of 788 patients developed hypothyroidism and 2 
developed overt hyperthyroidism after coronary angiogra-
phy. Hypothyroidism was induced within 12 weeks of the 
procedure and hyperthyroidism occurred within 4 weeks 
(Hintze et al., 1999).

Administration of contrast media, as well as PVP-I, is 
liable to cause hypothyroidism in neonates, especially 
in preterm babies. Two out of 24 term newborns and 6 
out of 8 preterm infants developed hypothyroidism after  
radiological studies (I’Allemand et al., 1987).

Costa et al. (1978) reported that persons with previ-
ous exposure to contrast agents show an increased iodine 
content in various tissues, including adipose tissue, bone, 
brain, kidneys, liver, lung, skeletal muscle, skin and spleen. 
In a patient who was administered iopanoic acid, they 
found that accumulation of iodine in adipose tissue was 
still detectable more than 2 years after the radiological 
study. Contrast agents that remain in the body for a long 
time are more likely to cause thyroid dysfunction (Kallee 
et al., 1980). The oily contrast agent lipiodol can persist in 
the body for years (Malter and Fox, 1972). While 51 out of 
143 patients developed goiter after administration of lipi-
odol (Ishizuki et al., 1994), none of the 20 very-low-birth-
weight infants showed any changes of thyroid function 
after injection of iopromide (Dembinski et al., 2000). The 
risk of thyroid dysfunction might be lower with iopromide 
than other contrast media because it is excreted completely 
after a short period.

A decrease of free T3 and an increase of free T4, reverse 
T3 (rT3) and TSH are observed soon after administration of 
oral choleocystography agents, such as iopanoic acid (Bürgi 

et al., 1976) and ipodate (Beng et al., 1980). These agents 
alter thyroid hormone metabolism in several ways, including 
the inhibition of type 1, 2 and 3 5-deiodinases, competitive 
inhibition of T3 binding to the nuclear receptor, blocking of 
thyroid hormone secretion and reducing the conversion of 
T4 to T3 (Bal et al., 2005). As a result, these contrast media 
may be useful for the treatment of hyperthyroidism.

Amiodarone and thyroid dysfunction

Amiodarone is an effective type 3 anti-arrhythmic drug 
that is an iodine-rich benzofuran derivative. It is metabo-
lized through dealkylation to desethylamiodarone (DEA), 
which is the active metabolite. Amiodarone and DEA share 
a structural resemblance with thyroid hormones (Figure 

96.3), and amiodarone has a high content of organic  
iodine (approximately 37%). Ten percent of its organic 
iodine is deiodinated to yield free iodine and amiodar-
one has a very long half life of approximately 100 days. 
Administration of a 200-mg daily dose of this drug results 
in an iodine load of approximately 6 mg (Wiersinga and 
Trip, 1986).

Amiodarone also has intrinsic effects on the thyroid 
and thyroid hormone production besides those related to 
excessive iodine intake (Table 96.4), and this means that 
it induces thyroid dysfunction more frequently than any 
other iodine-containing pharmaceutical.

According to Pitsiavas et al. (1999), the inhibitory 
effect of amiodarone occurs at a lower iodide concentra-
tion than that for sodium iodide, and the effect of amio-
darone is irreversible, indicating possible persistence of the  
Wolff–Chaikoff effect due to a persistently high intracel-
lular iodide level.

Amiodarone induces specific ultrastructural changes 
of the thyroid gland in rats, including marked distortion 
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Figure 96.3 Structures of amiodarone, DEA and thyroid hormones. Amiodarone is a type 3 anti-arrhythmic drug that is an iodine-rich 
benzofuran derivative. It is metabolized through dealkylation to desethylamiodarone (DEA), which is the active metabolite. Amiodarone 
and DEA share a structural resemblance with thyroid hormones.
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of its architecture, cellular necrosis and apoptosis, inclu-
sion bodies, accumulation of lipofucsin, and marked dila-
tion of the endoplasmic reticulum (Pitsiavas et al., 1997). 
Chiovato et al. (1994) showed that the thyroid cytotoxic-
ity of amiodarone was mainly due to a direct effect of the 
drug on thyrocytes. Amiodarone induces cytochrome 
c release from the mitochondria and triggers apoptosis 
through an iodine-independent mechanism (Di Matola 
et al., 2000). Nakajima et al. (2001) described a cytotoxic 
effect of amiodarone related to inducing the production 
of the proinflammatory cytokine interleukin-6 (IL-6) at 
higher concentrations. Besides its direct effects on the thy-
roid gland, amiodarone influences the function of thyroid  
hormones because it inhibits thyroid hormone uptake by 
the peripheral tissues (Krenning et al., 1982). In the periph-
eral tissues, amiodarone also inhibits type 1 5-deiodinase, 
which removes an atom of iodine from T4 to generate T3, 
resulting in a decrease in serum T3 levels and an increase 
in serum T4, free T4 and rT3 levels (Aanderud et al., 1984; 
Martino et al., 2001). An increase of TSH is likely to be the 
result of amiodarone inhibiting pituitary type 2 5-deiodinase 
(Iervasi et al., 1997). Bogazzi et al. (2001) showed that 
DEA antagonized the binding of T3 to its nuclear receptor.

The estimated incidence of amiodarone-induced thy-
roid dysfunction varies widely from 2 to 24% (Albert  
et al., 1987). Amiodarone-induced hypothyroidism (AIH) 
is prevalent in iodine-sufficient areas, while AIT occurs 

more often in iodine-deficient areas. Thus, the prevalence 
of AIH was 22% in the United States compared with 5% 
in Italy, whereas the prevalence of AIT was 2% in the 
United States and 9.6% in Italy (Martino et al., 1984).

Amiodarone and iodine both readily cross the pla-
centa, so amiodarone-induced thyroid dysfunction can 
occur in neonates when pregnant women are treated with 
amiodarone. Hypothyroidism was reported in 17% of the 
infants born to women treated with amiodarone and neu-
rodevelopmental assessment of these hypothyroid infants 
showed mild abnormalities, which were also reported in 
some euthyroid infants exposed to amiodarone, suggesting 
that there might be a direct neurotoxic effect of this drug  
during fetal development (Bartalena et al., 2001).

AIH typically occurs after 6–12 months of treatment 
with amiodarone (Trip et al., 1991) and the symptoms of 
AIH are similar to those of hypothyroidism due to other 
causes (Basaria and Cooper, 2005). Administration of  
levothyroxine restores a euthyroid state and it is not nec-
essary to discontinue amiodarone treatment (Basaria and 
Cooper, 2005; Ursella et al., 2005).

Typical symptoms of thyrotoxicosis are often absent in 
patients with AIT because amiodarone has beta-blocking 
effects and inhibits conversion of T4 to T3. Worsening 
of underlying cardiac disorder, unexplained weight loss, 
or muscle weakness suggest the diagnosis of AIT (Harjai 
and Licata, 1997; Basaria and Cooper, 2005; Ursella et al., 
2005).

AIT can be categorized into two subtypes, which are 
termed type 1 and type 2 (Table 96.5). Type 1 AIT is  
primarily iodine-induced hyperthyroidism that devel-
ops in patients with underlying thyroid disease, such as  
nontoxic multinodular goiter or Graves’ disease. Synthesis 
and release of thyroid hormones are increased in type 1 
AIT. In contrast, type 2 AIT is a destructive thyroiditis 
that occurs in persons with no apparent thyroid disease 
(Basaria and Cooper, 2005; Ursella et al., 2005). Type 1 
AIT is more prevalent in iodine-deficient regions and 
type 2 AIT is more prevalent in iodine-sufficient regions 
(Daniels, 2001). Thus, type 1 AIT is rare in Japan where 
dietary iodine intake is high (Sato et al., 1999).

The treatment of type 1 AIT is more difficult than 
that of other forms of iodine-induced thyrotoxicosis. 
Discontinuation of amiodarone therapy is usually recom-
mended in patients with type 1 AIT, as long as other anti-
arrhythmic drugs are available. However, withdrawal of 
amiodarone is often difficult because of underlying severe 
heart disease. High doses of antithyroid drugs have been 
used to treat type 1 AIT. Combined therapy with antithy-
roid drugs and potassium perchlorate is recommended  
in patients who fail to respond to antithyroid drugs  
alone after 2–3 months of treatment (Basaria and Cooper, 
2005).

Some patients with type 2 AIT show spontaneous  
resolution of their thyroiditis. In patients with type 2 AIT, 

Table 96.4 Effects of amiodarone on the thyroid gland

Intrinsic drug effects Iodine-induced effects

Enhanced Wolff–Chaikoff  
 effect

Failure to escape from  
Wolff–Chaikoff effect

Blockade of thyroid hormone 
 entry into cell

Iodine-induced potentiation  
  of thyroid autoimmunity, 
accelerating the natural course 
of underlying thyroid disease 
and hypothyroidism

Inhibition of type 1 and  
 type 2 5 deiodinase

In patients with underlying  
 autonomous tissue or latent

 ↑ Total and free T4 Graves’ disease, unregulated  
  hormone synthesis produces 
hyperthyroidism

 ↑ rT3 Thyroid cytotoxicity
 ↓ T3

 ↑ TSH (early)
Decreased T3 binding to its  
  receptor thyroid hormone 
antagonism and possible tissue 
hypothyroidism

Thyroid cytotoxicity

Notes: rT3, reverse triiodothyronine; T3, triiodothyronine; T4, 
thyroxine; TSH, thyroid-stimulating hormone (thyrotropin). 
Amiodarone has intrinsic effects on the thyroid and thyroid 
hormone production besides those related to excessive iodine 
intake, and this means that it induces thyroid dysfunction more 
frequently than any other iodine-containing pharmaceutical. 
Source: Adapted from Basaria and Cooper (2005) with permission 
from Elsevier.
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glucocorticoid therapy is rapidly effective and discontinu-
ation of amiodarone is not essential (Basaria and Cooper, 
2005; Ursella et al., 2005).

Prevention of Thyroid Dysfunction  
due to Iodine-Containing Drugs

Thyroid dysfunction caused by iodine-containing drugs 
usually occurs in iodine-deficient areas, and patients with 
underlying thyroid disease, as well as fetuses and neonates, 
are at risk of developing such iodine-induced thyroid 
dysfunction.

Prophylactic iodization may be effective in preventing 
iodine-induced thyroid dysfunction in iodine-deficient 
areas. However, iodine prophylaxis itself can cause hyper-
thyroidism, especially in older individuals (Fradkin and 
Wolff, 1983; Roti and degli Uberti, 2001). Thus, prophy-
laxis must be carefully designed, if iodization is initiated.

Prolonged treatment with PVP-I, even at a relatively 
small dose, can cause thyroid dysfunction. Antiseptic 
agents are often toxic to injured skin as well as microor-
ganisms. Therefore, the use of antiseptics for wound care 
has long been controversial (Barrois, 2001; Phillips and 
Davey, 1997). The Agency for Health Care Policy and 
Research stated that pressure ulcers should be cleaned 
with saline instead of antiseptic agents (Burks, 1998). 
Antiseptics (including PVP-I) should not be used for the 
management of pressure ulcers and chronic wounds, such 
as tracheotomy or gastrostomy sites, at least when these 
are not infected. Patients who are treated with PVP-I for a 
long period should be observed carefully to detect thyroid 
dysfunction.

The risk of developing thyroid dysfunction is various 
among contrast agents. It would be useful for prevention 
of thyroid dysfunction to clarify the risk associated with 
each agent.

Complete examination of thyroid function, including 
serum TSH, free T4, free T3 and TPO antibody should 
be undertaken before starting therapy with amiodarone. 
Prolonged monitoring of thyroid function is also recom-
mended after the initiation of amiodarone therapy (Basaria 
and Cooper, 2005; Ursella et al, 2005).

Use of iodine-containing pharmaceuticals should be 
avoided, if possible, in newborn infants and pregnant 
women, especially in areas with a low dietary iodine 
intake. Individuals at risk for iodine-induced thyroid  
dysfunction, such as patients with previous thyroid disease 
or neonates, should be observed carefully to detect mani-
festations of thyroid dysfunction when they are treated 
with iodine-containing pharmaceuticals.

Summary Points

l A high dose of iodine can cause iodine-induced thy-
roid dysfunction in susceptible individuals, especially 
in patients with underlying thyroid disease, fetuses and 
neonates.

l Iodine-induced thyroid dysfunction is more common in 
iodine-deficient areas.

l Iodine-containing pharmaceuticals, such as PVP-I, 
radiographic contrast media and amiodarone, are a 
major cause of excessive iodine intake inducing thyroid 
dysfunction.

l Amiodarone therapy often causes thyroid dysfunction.

Table 96.5 Comparison of amiodarone-induced hyperthyroidism types 1 and 2

Factor AIT type 1 AIT type 2

Pre-existing thyroid disease Yes (either multinodular goiter or latent  
 Graves’ disease)

No

Physical examination Goiter, 1 or more nodules Normal to slightly firm; occasionally tender
Duration of amiodarone therapy Shorter (1–2 years) Longer (> 2 years)
Thyroid function test High FT4, T3 normal or high High FT4, T3 normal or high
Thyroid autoantibodies Absent (unless Graves’ disease is present) Absent
Radioiodine uptake Low Very low
Thyroid ultrasound Underlying thyroid disease (multinodular  

 goiter or Graves’ disease)
Normal or minimally enlarged; heterogeneous  
 pattern

Color flow Doppler of thyroid Increased parenchymal blood flow Normal or decreased parenchymal blood flow
Serum IL-6 Normal or low Elevated (? only in iodine-deficient parts of the world)
Therapy Stop amiodarone, if possible; high-dose  

 antithyroid drugs; perchlorate; lithium
Discontinuation of amiodarone may not be essential;  
 glucocorticoid; lithium

Subsequent hypothyroidism No Often

Note: FT4: free thyroxine, T3: triiodothyronine, IL-6: interleukin-6. Amiodarone-induced hyperthyroidism (AIT) can be categorized into 
two subtypes, which are termed type 1 and type 2. Type 1 AIT is primarily iodine-induced hyperthyroidism that develops in patients 
with underlying thyroid disease, such as nontoxic multinodular goiter or Graves’ disease. Synthesis and release of thyroid hormones are 
increased in type 1 AIT. In contrast, type 2 AIT is a destructive thyroiditis that occurs in persons with no apparent thyroid disease 
Source: Basaria and Cooper (2005).
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l Iodine-induced hyperthyroidism (especially AIT) is 
often difficult to treat, whereas iodine-induced hypothy-
roidism usually resolves after iodide withdrawal.

l Individuals at risk of developing iodine-induced thy-
roid dysfunction should be observed carefully if they are 
administered iodine-containing drugs.
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Abbreviations

T4	 Thyroxine
T3	 Triiodothyroxine
TPO	 Thyroid	peroxidase
TSH	 Thyrotropin/thyroid-stimulating	hormone

Euthyroid	 individuals	 readily	 tolerate	 modest	 increases	 in	
iodide	 ingestion	 without	 developing	 thyroid	 dysfunction.	
Although	small	increases	in	intrathyroidal	iodine	may	cause	
subtle	 changes	 in	 thyroid	 function,	 as	 evidenced	by	 small	
decreases	 in	 serum	 thyroxine	 (T4)	 and	 triiodothyronine	
(T3)	and	a	 small	 compensatory	 rise	 in	 serum	thyrotropin	
(TSH)	 concentrations,	 these	 physiologic	 changes	 do	 not	
cause	true	thyroid	dysfunction	(Paul	et al.,	1988;	Gardner	
et al.,	1988;	Chow	et al.,	1991).	 In	the	1940s,	Wolff	and	
Chaikoff	 (1948)	 reported	 that	 continuous	 high	 concen-
trations	 of	 serum	 iodide	 in	 the	 rat	 resulted	 in	 a	 transient	
decrease,	probably	due	to	an	iodolipid	inhibitor	of	thyroid	
peroxidase	(TPO),	in	thyroid	organic	iodine	(T4	and	T3)	
for	about	24	h,	the	acute	Wolff–Chaikoff	(W–C)	effect,	fol-
lowed	by	restoration	of	normal	hormone	synthesis	despite	
persistent	high	concentrations	of	serum	iodide,	escape	from	
or	adaptation	to	the	acute	W–C	effect.	This	escape	protects	
both	man	and	rat	from	developing	hypothyroidism	in	the	
presence	of	excess	plasma	iodide.	In	1963	(Braverman	and	
Ingbar,	1963),	we	 suggested	 that	 this	escape	was	due	 to	a	
decrease	 in	 the	 active	 transport	 of	 iodide	 from	 the	 blood	
into	 the	 thyroid,	 thereby	 permitting	 normal	 thyroid	 hor-
mone	 synthesis	 to	 resume.	The	 mechanism	 of	 this	 down	
regulation	 of	 the	 iodide	 trap	 has	 since	 been	 found	 to	
be	 due	 to	 a	 marked	 decrease	 in	 the	 sodium	 iodide	 sym-
porter	 (NIS),	 since	both	 the	mRNA	and	NIS	protein	are	
decreased	within	24	h,	thereby	protecting	the	thyroid	from	
the	 inhibitory	 effects	 of	 excess	 intrathyroidal	 iodine	 (Eng	
et al.,	1999).	In	some	individuals	with	underlying	thyroid	
dysfunction,	 escape	 from	 the	 acute	 W–C	 effect	 does	 not	
occur,	and	hypothyroidism	ensues	(Table 97.1).

Goiter,	 hypothyroidism,	 and/or	 a	 rise	 in	 serum	 TSH	
concentrations	 have	 been	 reported	 following	 the	 inges-
tion	of	large	amounts	of	iodine	in	medications,	especially	
amiodarone	(Martino	et al.,	2001),	ingestion	of	well	water	

rich	in	iodine	(Zhao	et al.,	1998),	use	of	iodine-containing	
mouth	rinses	(Ader	et al.,	1988),	and	excess	seaweed	inges-
tion	(Mizukami	et al.,	1993).	The	ingestion	of	iodine	used	
for	water	purification	by	military	personnel	and	backpack-
ers	 (approximately	32	mg	 free	 iodine	daily)	has	 also	been	
reported	to	cause	TSH-dependent	goiter	in	some	individu-
als	(Georgitis	et al.,	1993).

We	have	recently	reported	the	effects	of	the	inadvertent		
ingestion	of	excess	iodine	in	drinking	water	by	Peace	Corps	
workers	in	Niger,	West	Africa	and	by	astronauts	in	the	US	

Two Unusual Situations of Excess Iodine Ingestion: A Faulty 
Iodinator and the US Space Program
Lewis E. Braverman  Section of Endocrinology, Diabetes and Nutrition, Boston Medical Center 
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Table 97.1 Causes of iodine-induced hypothyroidism or goiter

No underlying thyroid disease
 Fetus and neonate, mostly preterm
   Secondary to transplacental passage of iodine and exposure 

of newborn infants to topical or parenteral iodine-rich 
substances

 Infant
   Occasionally reported in infants drinking iodine-rich water 

(China) and after exposure to excess iodide
 Adult
   Frequently reported in Japanese subjects with high iodine 

intake (Hashimoto’s thyroiditis has been excluded)
 Elderly
   Reported in elderly subjects with and without possible 

defective organification and autoimmune thyroiditis
 Chronic nonthyroidal illness
 Cystic fibrosis
 Chronic lung disease (Hashimoto’s thyroiditis was not excluded)
 Chronic dialysis treatment
 Thalassemia major
 Anorexia nervosa
Underlying thyroid disease
 Hashimoto’s thyroiditis
  Euthyroid patients previously treated for Graves’ disease by 

131I, thyroidectomy, or antithyroid drugs
 Subclinical hypothyroidism, especially in the elderly
 After transient postpartum thyroiditis
 After subacute, painful thyroiditis
 After hemithyroidectomy for benign nodules
  Euthyroid patients with a previous episode of amiodarone-

induced destructive thyrotoxicosis
  Euthyroid patients with a previous episode of interferon-alpha-

induced thyroid disorders
Iodine plus other potential goitrogens
 Lithium



Space	Program.	The	following	material,	including	text	and	
tables,	is	based	on	our	previous	publications.

American Peace Corps Volunteers in 
Niger, West Africa (Pearce et al., 2002)

American	 Peace	 Corps	 volunteers	 in	 Niger,	 West	 Africa	
must	 drink	 iodine-treated	 water	 to	 avoid	 microbial		
contamination	 commonly	 found	 in	 many	 areas	 of	 rural	
Africa.	It	was	noted	that	between	1995	and	1998,	many	of	
these	volunteers	developed	goiters	and	this	was	reported	by	
Khan	et al.	(1998).	It	was	subsequently	found	that	the	two-
stage	 iodine-resin	 ceramic	filters	 used	 to	 iodize	 the	water	
was	faulty	and	was	delivering	approximately	10	mg	iodine/l		
of	 water.	 Since	 Niger	 is	 arid	 and	 hot,	 these	 volunteers		
were	 drinking	 5–9	L	 of	 water	 daily,	 resulting	 in	 the		
consumption	of	50–90	mg	 iodine	daily,	 far	above	 the	US	
RDA	 of	 approximately	 150	g	 iodine	 daily.	The	 median	
urine	 iodine	 excretion	 was	 an	 astonishing	 5048	g/l.	
Following	 the	 discovery	 of	 the	 faulty	 iodinator,	 the		
volunteers	were	re-evaluated	at	a	mean	of	30	weeks	later.

Goiter	 by	 palpation	 (ultrasound	 was	 not	 available)	 was	
present	in	44%	of	the	102	volunteers	examined	during	the	
ingestion	of	excess	iodine	and	significantly	decreased	to	30%	
( p		0.001)	 following	 the	 removal	 of	 the	 faulty	 iodinator	
(Table 97.2).	Mean	 serum	 iodine	decreased	markedly	 from	
293	g/l	to	a	normal	mean	of	84	g/l	( p		0.001).	Serum	T4	
and	free	T4	concentrations	decreased	and	were	accompanied		
by	 a	 significant	 increase	 in	 serum	 TSH	 concentrations	
(4.9	vs.	1.8	mU/l).	Serum	TSH	was	greater	 than	4.2	mU/l	
(upper	 range	 of	 normal)	 in	 29%	 of	 the	 volunteers	 which	
decreased	 to	 only	 5%	 after	 removal	 of	 the	 excess	 iodine.	
Serum	T4	and	free	T4	values	increased	and	TSH	decreased	
significantly	 after	 the	 volunteers	 drank	 water	 which	 con-
tained	appropriate	amounts	of	iodine.	Finally,	mean	serum	
TPO	concentrations	decreased	from	33	IU/ml	during	excess	
iodine	 ingestion	 to	 22	IU/ml	 following	 correction	 of	 the	
iodine	content.

This	 study	 demonstrated	 that	 chronic	 ingestion	 of	 a	
large	 excess	 of	 iodine	 may	 adversely	 affect	 thyroid	 func-
tion,	 especially	 hypothyroidism	 and	 goiter.	 Although	 the	
role	 of	 iodine	 ingestion	 in	 the	 pathogeneses	 of	 chronic	

autoimmune	thyroiditis	remains	controversial,	some	stud-
ies	suggest	that	increased	iodine	ingestion	does	increase	the	
prevalence	of	Hashimoto’s	thyroiditis	(Konno	et al.,	1994;	
Harach	and	Williams,	1995)	while	others	do	not	(Boyages	
et al.,	1989;	Martins	et al.,	1989).	The	present	study	does	
suggest	that	large	amounts	of	ingested	iodine	may	increase	
the	prevalence	of	positive	TPO	antibodies.

American Astronauts in the US Space 
Program (McMonigal et al., 2000)

Although	 iodine	 has	 been	 used	 in	 the	 US	 Space	 Program	
as	 an	 antimicrobial	 to	 disinfect	 the	 potable	 drinking	 water	
system	during	space	flight,	it	was	not	considered	to	have	an	
adverse	effect	on	thyroid	function	until	the	late	1990s.	In	the	
Skylab	Program	(1973–1974),	 iodine	concentrations	 in	the	
drinking	water	reached	concentrations	as	high	as	36	mg/l;	in	
the	Shuttle	Program	(1981–present),	iodine	was	added	by	an	
iodinated	anion-exchange	resin	resulting	 in	a	concentration	
of	approximately	4	mg/l	in	the	drinking	water.

To	evaluate	the	possible	adverse	effects	of	excess	iodine	con-
sumed	during	space	flights,	serum	TSH	was	measured	at	a	rou-
tine	annual	physical,	preflight,	1	and	3	days	after	returning	to	
earth,	and	at	the	time	of	the	next	annual	physical	(Table 97.3).		
Serum	 TSH	 values	 were	 significantly	 higher	 in	 the	 nine	
Skylab	 astronauts	 on	 their	 return	 to	 earth	 and	 in	 the	 134	
astronauts	 in	 the	 earlier	Shuttle	missions,	 all	of	whom	con-
sumed	 iodine-enriched	 water	 during	 flight.	 In	 contrast,	 no	
rise	in	serum	TSH	was	observed	in	the	Shuttle-Mir	astronauts	
who	drank	water	on	the	Russian	Space	Station	Mir,	since	the	
water	 was	 disinfected	 with	 silver	 followed	 by	 pasteurization	
for	their	time	in	space	except	on	the	return	flight	to	earth.

In	 order	 to	 decrease	 the	 exposure	 to	 excess	 iodine,	 the	
iodine	and	iodide	were	removed	by	passing	the	iodized	water	
through	 activated	 charcoal	 and	 an	 ion-exchange	 resin	 just	
prior	to	drinking.	In	the	1998	Shuttle	Mission,	 this	process	
prevented	the	rise	in	serum	TSH	concentrations	observed	in	
previous	missions	when	excess	iodine	was	consumed.

Although	 subtle	 adverse	 effects	 on	 thyroid	 function	 were	
observed	in	the	astronauts	who	did	consume	excess	quantities	
of	iodine	during	space	flight,	no	significant	increase	in	thyroid	
disease	was	observed	over	a	prolonged	period	of	time.	Previous	

Table 97.2 Thyroid parameters during and after excess iodine exposure

Parameters Number of subjectsa
During excess iodine 
exposure p Value

After excess iodine 
exposureb

TSH (mean, mU/l) 90 4.9 0.001 1.8
Anti-TPO antibody  
 (mean  SD, IU/ml)

52 33  1.3 0.01 22  1.0

T4 (mean  SD, g/dl) 88 7.8  1.6 0.002 8.8  1.9
Free T4 (mean  SD, ng/dl) 87 2.5  0.5 0.01 2.7  0.5
Goiter (n, %) 93 41 (44%) 0.001 28 (30%)

aNumber of subjects for whom values were obtained both during and after excess iodine exposure.
bAll differences between the values obtained during and after excess iodine exposure were significant at the p  0.05 level.
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studies	 have	 evaluated	 the	 effects	 of	 low-dose	 iodide	 sup-
plementation	on	 thyroid	 function	 in	normal	 subjects,	 and	 it	
appears	likely	that	the	total	amount	of	iodine	consumed	daily	
by	crew-members	in	flight	should	not	exceed	1	mg	(Table 97.3).

Summary Points

l	 		Iodine	excess	is	occasionally	unrecognized	and	may	cause	
thyroid	dysfunction.	Iodine	is	added	to	drinking	water	as	
an	antimicrobial.

l	 	Correction	of	iodine	excess	due	to	a	faulty	iodinator	in	
a	 group	 of	 American	 Peace	 Corps	 volunteers	 in	 Niger,	
West	 Africa,	 restored	 normal	 thyroid	 function	 and	 a		
decrease	in	goiter	prevalence.

l	 	American	 astronauts	 are	 no	 longer	 exposed	 to	 excess		
iodine	 ingestion	 from	 iodized	water	 since	 the	 iodine	 is	
removed	by	activated	charcoal	and	an	ion-exchange	resin	

just	prior	to	drinking.
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Table 97.3 Serum TSH values in astronauts with iodine exposure

Mission
Number of 
subjects

Mean days 
in space 
exposed 
to iodine 
(range)

Total iodine 
exposure 
(mg)

TSH 
reference 
range 
(U/l)

TSH 
preflight 
annual

TSH 
preflight

TSH  
R  0

TSH  
R  3

TSH 
postflight 
annual

Incidence 
of thyroid 
disease Comments

Skylab 9 57 (28–84) 3061 0–10 4.2 4.9 8.4b 8.6c 4.2 None Annual exam 
3 years later

Shuttlea 134 6 (2–10) 72.1 Varied, 
0.1–9.7

2.6 2.8 3.4b 2.5 2.4 7/134

Shuttlea 9 (4–17) 67.2 Varied, 
0–6.0

Shuttle- 
Mir

6 9 (8–10) 60.8 0.4–5.1 2.0 2.2 2.7 1.8 1.5 0/6 Iodine 
consumption 
split by stay 
on Mir

1998 
Shuttle 
Missiond

7 17 8 0.4–5.1 2.1 2.2 2.2 1.7 1.4 0/7 No iodine in 
chilled water, 
1.5 mg/L 
iodine in hot 
water

aIf baseline TSH . 4, response at R  0 is exaggerated.
bMean TSH at R  0 is significantly different from all other examinations (paired t-test, p  0.001).
cp  0.05 vs. annual preflight, preflight and postflight.
dApproximately 2 L of iodized water (3.6 mg iodine/l) was consumed in drink bags during deorbit.
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Abstract

Graves’ disease is the most common form of hyperthy-
roidism in childhood. Current treatment options include 
antithyroid medications, surgery and radioactive iodine. 
Medical therapy is generally associated with long-term 
remission rates of less than 25% and a small risk of seri-
ous adverse reactions that include hepatic failure and bone 
marrow suppression. Total thyroidectomy is associated 
with very high cure rates and a small risk of hypoparathy-
roidism and recurrent laryngeal nerve damage. When radio-
active iodine is used in appropriate doses, there is a very 
high cure rate without increased risks of thyroid cancer or 
genetic damage. Definitive therapy in the form of surgery 
or radioactive iodine is necessary and unavoidable for the 
majority of pediatric patients with Graves’ disease.

Abbreviations

Gy gray
gm gram
Ci curie
PTC propylthiouracil
MMI methimazole

Introduction

Current treatment approaches involving antithyroid medi-
cations, surgery and radioactive iodine have been used 
for more than five decades for the treatment of hyperthy-
roidism due to Graves’ disease in children, adolescents and 
adults (Weetman, 2000, 2003; Chapman, 1983; Cooper, 
2005). Although additional studies are needed, the collec-
tive observations of thousands of children with Graves’ dis-
ease have spawned a generous body of literature detailing 
the natural history of Graves’ disease, along with treatment 
outcomes and complications (Gruneiro-Papendieck et al., 
2003; Rivkees et al., 1998). This report will address the use 

of radioactive iodine in the treatment of childhood Graves’ 
disease in the context of current treatment options.

Childhood Hyperthyroidism

Hyperthyroidism occurs much less commonly in children 
than hypothyroidism, but it is a far more virulent condition 
(Takashima et al., 1995; Wilkins, 1965). In children, the 
most common cause of childhood thyrotoxicosis is Graves’ 
disease, which is characterized by diffuse goiter, hyper-
thyroidism, and occasionally ophthalmopathy (Rivkees 
et al., 1998; Fisher, 1994; Zimmerman and Lteif, 1998; 
LeFranchi and Mandel, 1995). Untreated, hyperthyroidism 
is associated with excessive activity, tremor, tachycardia, 
flushing, palpitations, accelerated linear growth, weight 
loss, impaired skeletal mineralization and poor performance 
at school (Rivkees et al., 1998; Fisher, 1994; Zimmerman 
and Lteif, 1998; LeFranchi and Mandel, 1995).

Spontaneous remission of Graves’ disease in the pediatric 
population occurs in a minority of individuals. Published 
remission rates are usually less than 25% after several years 
of antithyroid therapy (Rivkees et al., 1998; Levy et al., 
1988; Gruneiro-Papendieck et al., 2003). The most extensive 
long-term study of this issue, involving nearly 200 children, 
showed that less than 20% of children treated medically 
achieved remission lasting greater than 2 years (Hamburger, 
1985) (Figure 98.1). In another large series of 186 children, 
less than 30% of children went into remission (Glaser and 
Styne, 1997) (Figure 98.2). When responses to medical ther-
apy between prepubertal and pubertal children are compared, 
remission rates are even less in prepubertal than in pubertal 
children, with remission occurring in fewer than 15% of pre-
pubescent children (Shulman et al., 1997; Lazar et al., 2000).

When spontaneous remission of Graves’ disease does not 
occur, prolonged drug therapy will control the hyperthyroid 
state and is used by some clinicians; however, treatment with 
antithyroid drugs beyond 2 years does not appear to increase 
the likelihood of a lasting remission. It is notable that remis-
sion rates in these cohorts of adults are considerably greater 
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than those reported in children, suggesting that the younger 
one is when Graves’ disease occurs, the more lasting it will be.

131I Therapy

Origins of 131I therapy

The use of radioactive iodine grew out of the collaborative 
efforts in the 1930s and 40s of physicists at the 
Massachusetts Institute of Technology (MIT) and clinicians 
at the Massachusetts General Hospital (MGH; Dr J Howard 
Means, Dr Earle M. Chapman, and others) (Chapman, 
1983). The first patient treated with radioactive iodine 
alone, with the intention of curing Graves’ disease, was a 
55-year-old gentleman who received two doses in 1943 of 
the very short half life isotope 130I (t1/2  12 h). Between 
1943 and 1945, an additional 22 patients were treated with 
a short half life radioactive iodine at the MGH with good 
outcomes (Chapman, 1983).

When the US Atomic Energy Commission was allowed 
to supply uranium fission products for medical use, 131I, 
with a half life of 8 days became available for the treat-
ment of Graves’ disease. In 1946, a patient with thyroid 
cancer at Barnard Hospital in St. Louis became the first 
to be treated with the long half life nuclide (Chapman, 

1983). Because of the inherent advantages, the longer half 
life isotope, 131I, rapidly became the preferred isotope of 
iodine for treating hyperthyroidism and thyroid cancer.

About 10 years after the first adult was treated with radio-
active iodine for Graves’ disease, Dr John D. Crawford 
and Dr Chapman at the MGH treated the first child with 
Graves’ disease with radioactive iodine. The child faced 
unremitting hyperthyroidism in the face of toxic reactions 
to antithyroid medications. In the 1960s and 1970s, several 
groups reported their experience using radioactive iodine 
to treat childhood Graves’ disease (Hayek et al., 1970; Safa 
et al., 1975; Crile and Schumacher, 1965). These reports 
showed both safety and efficacy in children. When radio-
iodine was not associated with an increased risk of thyroid 
cancer or genetic damage to the offspring of treated chil-
dren and adolescents (Robertson and CA, 1976), the use 
of radioiodine therapy became more widespread and was 
progressively extended to younger children.

131I

Because the uptake of radioactive iodine by the thyroid 
is indistinguishable from ordinary iodine, radioactive 
iodine is trapped in thyroid cells (Williams, 1986). When 
taken up by thyroid cells, beta-emissions from radioactive  

Juvenile hyperthyroidism

Initial and subsequent treatment – 262 patients

Drugs
182

Surgery
7

Surgery

Surgery
decisive

Still on
drugs

Still on
drugs

Relapse drugs
resumed Relapse

In
remission

Surgery
decisive

Relapse
131I

Lost to
follow-up

3 4 16

Treated only
while pregnant

No remission
achieved

3

3

93

89

Relapse
131I

7

7 2

Hypo-
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6

6
Total number of patients

treated with 131I

191/239 (80%)

1 21 39
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61
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1

131I

131I
73

Figure 98.1 Remission rates as related to therapy for 262 pediatric patients treated for Graves’ disease. Lasting remission occurred 
in about 20% of individuals. From Hamburger (1985).



131Iodine in the Treatment of Graves’ Disease in Children 945

iodine result in the destruction of the trapping-cell and 
cells in close proximity. Because the thyroid gland has 
an extremely high affinity for iodine in comparison with 
other tissues, the use of radioactive iodine results in selec-
tive ablation of thyroid tissue (Williams, 1986).

About ten different isotopes of iodine have been used 
medically. 123I is the most frequently used isotope for 
 diagnostic studies of thyroid function and structure 
(Williams, 1986). This isotope has a short half life (13.3 h) 
and emits X-rays, gamma-photons, but no beta particles. 
In comparison, 131I has a half life of about 6–8 days and 
emits beta particles and gamma rays. The beta particles 
result in local thyroid damage; gamma emissions facilitate 
external diagnostic imaging.

It has been suggested that doses (administered activi-
ties) delivering 30 000–40 000 cGy (rad) to the thyroid are 
required to ablate the thyroid gland (Goolden and Davey, 
1963; Maxon et al., 1983). However, doses delivering 10 000–
20 000 cGy to the thyroid are more commonly used and may 
result in complete or partial destruction of the thyroid (Levy 
et al., 1988; Peters et al., 1997; Rivkees et al., 1998).

Doses of 150 Ci/g (5.5 MBq/g) typically yield radia-
tion doses of 12 000 cGy to the thyroid (Graham and 
Burman, 1986). Following 131I treatment, radiation expo-
sures to the stomach, marrow, liver and gonads are about 
14, 6.8, 4.8 and 2.5 cGy per organ, respectively. The total 

body exposure is about 4.0 cGy (Graham and Burman, 
1986). Because of the risk to the fetus, 131I should not be 
given to pregnant women.

131I-therapy

Thyroid destruction is strongly influenced by rates of iodine 
uptake and the amount of thyroid tissue. Doses of radio-
iodine administered to the patient are therefore based on 
gland size and iodine uptake using the Quimby–Marinelli 
equation: dose (b  g radiation; in Gy)  90  {oral 
iodine-131 dose (Ci)  oral 24-h uptake (%)/gland mass 
(g)  100%}; assuming an effective t1/2 of 6.0 days for 
iodine-131 (Quimby et al., 1970). Thyroid size is deter-
mined by palpation or ultrasound (ultrasound volume  
0.48  length  width  depth; Peters et al., 1995). For 
example, if a dose of 300 Ci/g of thyroid tissue is desired 
for a patient with a 20-g thyroid gland and a 50% radioio-
dine uptake at 24-h, the dose will be 12 mCi.

When calculating 131I doses, thyroid size can be assessed 
clinically relative to the size of a normal thyroid gland size 
(0.5–1 g per year of age; 15–20 g for adults) or by ultra-
sound, which is preferred to provide a more accurate 
size determination (Graham and Burman, 1986; Vitti  
et al., 1994; Ueda, 1990). However, even when gland size, 
uptake and effective 131I half times are measured with a 

Outcomes of medical treatment for hyperthyroidism

191 patients

7 chose initial Rx with I131 or surgery

184 chose initial Rx with anti-thyroid medication

131 patients continued medical Rx

79 patients continued medical Rx

44 patients continued medical Rx

21 patients continued medical Rx4 yrs

3 yrs

2 yrs

1 yr

9 achieved remission

9 achieved remission

5 achieved remission

18 achieved remission

11 achieved remission

23 treated with alternative Rx*

21 no further follow-up available�

20 treated with alternative Rx*

14 no further follow-up available�

12 treated with alternative Rx*

12 no further follow-up available�

6 treated with alternative Rx*

8 no further follow-up available�

8 treated with alternative Rx*

8 no further follow-up available�

Figure 98.2 Remission rates as related to therapy for 184 pediatric patients treated for Graves’ disease. Lasting remission occurred 
in less than 30% of individuals. From Glaser and Styne (1997).
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high degree of accuracy, the outcome is still imprecise due 
to individual variation in the sensitivity of the thyroid to 
radioiodine (Peters et al., 1995).

If a patient is taking antithyroid medication, as is often 
the case, treatment should be stopped 3–5 days before the 
administration of radioactive iodine. If antithyroid medica-
tion is stopped too soon before radioactive iodine administra-
tion, there can be accumulation of thyroid hormones within 
the gland leading to thyroid storm following radioactive 
iodine treatment (Kadmon et al., 2001). After 131I admin-
istration, circulating levels of thyroid hormones may rise 
within 4–10 days as thyroid hormone is released from degen-
erating follicular cells (Becker and Hurly, 1971). Progressive 
decline in thyroid hormone levels will then occur.

Until the patient becomes biochemically euthyroid or 
hypothyroid, which usually takes 6–12 weeks after treat-
ment, symptoms of hyperthyroidism can be controlled 
using beta-blockers (Becker and Hurly, 1971; Refetoff 
et al., 1977; Ross et al., 1983). The use of SSKI or Lugol’s 
solution started 1 week after the administration of radioac-
tive iodine will also attenuate biochemical hyperthyroidism 
and not adversely affect the outcome of radioiodine 
therapy (Ross et al., 1983). In some patients, transient 
biochemical hypothyroidism can develop by 8 weeks, 
and hyperthyroidism will recur (Aizawa et al., 1997). In 
5–20% of patients (varying with dose), hyperthyroidism 
will persist; a second dose of radioiodine is recommended 
for these patients (Levy et al., 1988). Additional doses of 
radioactive iodine are not usually given until 6 months 
after initial therapy.

Long-term cure rates

Long-term cure rates are generally higher in patients 
treated with larger amounts compared to smaller amounts 
of radioactive iodine (Rivkees et al., 1998). In adults 
treated with low doses of 131I (50–75 Ci/g), hyperthy-
roidism persists in 30–50% adults 1 year after therapy 
(Rappaport et al., 1973; Sridama and Degroot, 1989; 
Goolden and Stewart, 1986; McCullagh et al., 1976) 
and hypothyroidism will develop in 7–20% of patients 
(Rappaport et al., 1973; Sridama and Degroot, 1989). 
In comparison, after treatment with higher doses of 131I 
(150–250 Ci/g), only 5–10% of patients are hyperthyroid 

at 1 year, and 40–80% become hypothyroid (Graham and 
Burman, 1986; Dobyns, 1975; Safa, 1975).

The success of radioiodine therapy is influenced by the 
size of the thyroid gland and possibly by circulating levels 
of TRAb. Responses to 131I therapy are lower in patients 
with very large glands (,80 g) and high TRAb levels com-
pared to patients with smaller glands (Peters et al., 1997; 
Chiovato et al., 1998; Murakami et al., 1996; Hancock  
et al., 1997; Allahabadia et al., 2001). Thus, surgical thy-
roidectomy should be considered for persistently large 
glands. Responses to radioactive iodine may also be less favo-
rable after treatment with propylthiouracil (PTU) (Hancock 
et al., 1997; Tuttle et al., 1995; Yoshida et al., 1996) than 
after methimazole (MMI) treatment (Imseis et al., 1998).

Radioactive iodine use in children

The details of 131I therapy for childhood Graves’ disease 
have been reported in several studies (Crile and Schumacher, 
1965; Hayek et al., 1970; Hamburger, 1985; Freitas et al., 
1979; Starr et al., 1964; Starr and Lj, 1969; Kogut et al., 
1965; Moll and Patel, 1997). Patients as young as 1 year 
of age have been treated with 131I with excellent outcomes 
(Safa et al., 1975; Moll and Patel, 1997). 131I doses in chil-
dren and adolescents have ranged from 100 to 400 Ci/
g of thyroid tissue (Rivkees et al., 1998). As in adults, 
responses to 131I therapy are related to dose and gland size. 
In children treated with 50–100 Ci/g of thyroid tissue, 
25–40% are hyperthyroid several years after therapy (Sheline  
et al., 1962). In children treated with a single dose of 
150–200 Ci/g thyroid, hyperthyroidism persists in 5–20%, 
and 60–90% become hypothyroid (Hayek et al., 1970; Levy  
et al., 1988; Rivkees et al., 1998; Safa et al., 1975).

We have analyzed the outcomes of 31 children (aged 
7–15) treated with radioactive iodine therapy at Yale New 
Haven Hospital over the past 7 years to assess the effective-
ness of therapy as related to dose and gland size (Rivkees 
and Cornelius, 2003). When children were treated with 
80–120 Ci of 131I/g of thyroid tissue at 6–12 months after 
treatment, 28% were hyperthyroid, 28% were euthyroid and 
42% were hypothyroid. When children are treated with 200–
250 Ci/g of thyroid tissue, 37% were hyperthyroid, 0% 
were euthyroid and 62% were hypothyriod. When children 
were treated with 300–400 Ci/g of thyroid tissue, 0% were 

Table 98.1 Outcome of iodine-131 treatment as related to dose

I-131 dose (Ci/g) Radiation dose (Gy) Outcome

Mean  SEM (range) Mean  SEM (range) Hyperthyroid Euthyroid Hypothyroid

  92.1  8.1 (80–120) 82.9  7.3 (72–108) 28.6% 28.6% 42.8%
222.7  12.3 (200–250)  200  11.1 (180–225) 37.5% 0% 62.5%
365.0  11.5 (300–405)  325  10.8 (270–364) 0% 6.25% 93.75%

Source: From Rivkees and Cornelius (2003).
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hyperthyroid, 7% were euthyroid and 93% were hypothyroid 
(Table 98.1). When we compare these data with those of Peter 
and coworkers (Rivkees and Cornelius, 2003; Peters et al., 
1995; Peters et al., 1997), it appears that thyroid tissue of 
children and adolescents is more sensitive to 131I than adults, 
as hypothyroidism occurs at lower 131I doses (Figure 98.3).

We also find that gland size influences therapy out-
comes, especially at lower doses (Figure 98.4). For chil-
dren treated with low or moderate doses, 53% developed 
hypothyroidism when the thyroid gland is moderately 
enlarged (30 g) and when the thyroid gland is quite large 
(50–80 g), about 60% remain eu- or hyperthyroid. Yet, 
when high doses are used, hypothyroidism occurs in 93% 
of patients, irrespective of gland size of up to 80 g of thy-
roid tissue.

Complication rates

Acute complications of 131I therapy have been reported, 
but the incidence of these is low and not well-defined 
(Rivkees et al., 1998). In children, very few acute adverse 
responses to 131I therapy of Graves’ disease have been 
described (Rivkees et al., 1998).

In adults, transient nausea has been reported after radio-
iodine administration, and mild pain over the thyroid 

gland, reflecting radiation thyroiditis, may develop 1–3 
days after a therapeutic dose (Becker and Hurly, 1971). 
These side-effects are self-limited and respond to treat-
ment with nonsteroidal anti-inflammatory agents (Becker 
and Hurly, 1971). Severe neck swelling and tracheal com-
pression have been rarely reported in patients with very 
large goiters after 131I administration, this can be con-
trolled with large doses of corticosteroids (Becker and 
Hurly, 1971). However, neck swelling after radioactive 
iodine treatment typically occurs with doses greater than 
50000 cGy; such doses are much greater that those needed 
for Graves’ therapy (Goolden et al., 1986). Vocal cord 
paresis occurs very rarely (Craswell, 1972).

Thyroid storm has been reported to develop between 
1 and 14 days after 131I treatment in a small number of 
patients (Dermott et al., 1983). This complication is rare 
and no cases were reported among the 7000 patients 
treated with 131I at one center (Levy et al., 1988). Patients 
with severe thyrotoxicosis and very large goiters may be 
at higher risk for thyroid storm. In this setting, antithy-
roid drugs can be administered for several weeks before 
radioactive iodine therapy to deplete stores of hormones 
before radioactive iodine therapy (Dermott et al., 1983). 
However, if medication is stopped too soon, thyroid hor-
mone stores will be replenished and this can lead to thy-
roid storm (Kadmon et al., 2001).
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It has also been suggested that 131I therapy was thought 
to be associated with the occurrence of hyperparathy-
roidism (Bondeson et al., 1989). However, evidence is not 
available to support this notion in case-controlled studies 
(Hedman et al., 1985; Fjalling et al., 1983).

Recent discussions have focused on the association of 131I 
therapy of Graves’ disease with the development or progres-
sion of ophthalmopathy in adult patients (De Groot et al., 
1995; Tallstedt and Lundell, 1997; Wiersinga et al., 2006; 
Lee et al., 2006; Garrity and Bahn, 2006). In contrast to 
adults, children rarely develop severe ophthalmopathy and 
proptosis is generally mild (Saxena et al., 1964; Lafranchi, 
1992). Of 87 children treated with 131I for Graves’ disease 
at one center, eye signs improved in 90% of children, did 
not change in 7.5% and worsened in 3% after treatment 
(Safa, 1975; Safa et al., 1975). In 45 children with ophthal-
mopathy at the onset of treatment, eye disease improved 
in 73% and worsened in 2% after 1 year or more of drug 
therapy (Barnes and Blizzard, 1977). Following subto-
tal thyroidectomy in 80 children, eye disease worsened in 
9% (Miccoli et al., 1996). In contrast, eye disease was sta-
ble in 60 (75%) children after total surgical thyroidectomy 
(Miccoli et al., 1996). Thus, eye disease worsens in only a 
small percentage of children following medical, radioactive 
iodine, or surgical therapy of Graves’ disease.

It has been suggested that the development and progres-
sion of ophthalmopathy could be prevented by treatment 
with prednisone for 3 months after radioiodine therapy 
(Bartalena et al., 1998). However, adjunctive prednisone 
therapy is not routinely recommended for most chil-
dren since long-term progression of ophthalmopathy 
occurs infrequently and unpredictably after radioiodine 
(Bartalena et al., 1998). Prolonged prednisone administra-
tion is also associated with weight gain, immune suppres-
sion and growth failure in children. However, prednisone 
may be useful after radioiodine therapy for the pediatric 
patient with severe eye disease. In this setting, we prescribe 
0.5 mg/kg/day of prednisone for 12 weeks after radioactive 

iodine therapy. Patients treated in this manner typically 
gain 2–5 kg over this period.

131I Cancer Risks The increased risk of thyroid cancer 
after thyroid irradiation in childhood has been recog-
nized for nearly 50 years (Dolphin, 1968). Thus, a major 
concern of 131I therapy relates to the risk of thyroid can-
cer. Detractors of 131I therapy point to the increased 
rates of thyroid cancer and thyroid nodules observed in 
young children exposed to radiation from nuclear fall-
out at Hiroshima or after the Chernobyl nuclear reactor 
explosion.

The thyroid gland is unique in its developmental sen-
sitivity to malignancy following radiation exposure. 
Individuals older than 20 years of age do not have an 
increased risk of thyroid cancer when exposed to low-level 
thyroid irradiation (Boice, 2005, 2006; Ron et al., 1995). 
Yet, when individuals are less than 20 years of age at the 
time of low-level thyroid irradiation, the thyroid cancer 
risks increases (Boice, 2005, 2006; Ron et al., 1995).

In addition to age, the radiation dose plays a major role 
in causing cancer (Dolphin, 1968; Ron et al., 1995; Boice, 
2005, 2006). The risk of thyroid cancer and thyroid nod-
ules is highest with exposure to low or moderate levels of 
external radiation (0.1–25 Gy), and not with the consid-
erably higher doses used internally to treat Graves’ disease 
(150 Gy) (Dolphin, 1968; Ron et al., 1995; Boice, 2005, 
2006; Sigurdson et al., 2005).

It is important to note that iodine deficiency and expo-
sure to nuclides other than 131I may have contributed to the 
increased risk of thyroid cancer in the young following the 
Chernobyl reactor explosion (Dolphin, 1968; Boice, 2005, 
2006). In comparison, rates of thyroid cancer were not 
increased in the more than 3000 children exposed to 131I 
from the Hanford reactor site in an iodine-replete region 
(Davis et al., 2004). An increase in thyroid cancer has not 
been observed in about 6000 children who received 131I for 
diagnostic procedures (Dickman et al., 2003; Boice, 2006).
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The Cooperative Thyrotoxicosis Therapy Follow-up 
Study showed that long-term thyroid problems occur in 
children treated with lower, rather than higher, doses of 
131I. Thyroid adenomas developed in 30% of 30 children 
treated in one center with low doses of 131I estimated to 
result in thyroid exposure of 25 Gy [33,50]. Yet, when chil-
dren were treated with higher doses of 131I (100–200 Gy), 
the incidence of thyroid neoplasms did not increase 
(Dobyns et al., 1974).

Outcomes after 131I treatment of more than 1200 chil-
dren and adolescents treated with higher doses of radioiodine 
for Graves’ disease have been reported (Rivkees et al., 1998). 
The duration of follow-up in these studies ranged from less 
than 5 years to 15 years, with some subjects being followed 
for more than 20 years. These studies have not revealed an 
increased risk of thyroid malignancy. The longest follow-
up studies of children recently treated with 131I come from 
Read et al. (2004). When more than 100 patients were sur-
veyed nearly four decades after receiving radioactive iodine at 
ages ranging from 3 to 19 years, no adverse events or deaths 
could be attributed to 131I therapy (Read et al., 2004). None 
of the patients developed thyroid cancer or leukemia. One 
individual developed breast cancer, and one developed colon 
cancer; these numbers were in keeping with the incidence of 
these malignancies in the population at large.

We are aware of four reported cases of thyroid malig-
nancy in children previously treated with 131I (5-years-of-
age at treatment with 50 Ci/g; 9-years-of-age at treatment 
with 5.4 mCi; 11-years-of-age at treatment with 1.25 mCi; 
16-years-of-age at treatment with 3.2 mCi) (Rivkees  
et al., 1998). These individuals were treated with low 
doses of 131I. We are not aware of reports of thyroid can-
cer in patients treated with >100 Gy of radioactive iodine 
for childhood Graves’ disease that can be attributed to 
radioactive iodine therapy. Thus low doses of 131I in chil-
dren should be avoided. Ablation of the thyroid gland will 
decrease the risks of tumors and recurrence of hyperthy-
roidism. The child will need long-term thyroid hormone 
replacement, but this will also be the situation if total thy-
roidectomy is performed. It is important to emphasize that 
because of an increased risk of thyroid cancer associated 
with low-dose thyroid irradiation in children, larger, rather 
than smaller, doses of 131I should be given and low doses 
of 131I in children should be avoided.

Although radioactive iodine is being used at progres-
sively younger ages, we do not know if there is an age 
below which high-dose 131I therapy should be avoided. 
Risks of thyroid cancer after external irradiation are high-
est in children less than 5 years of age and progressively 
decline with advancing age (Read et al., 2004; Boice, 
1998, 2006; Dolphin, 1968). If there is residual thyroid 
tissue in young children after radioactive iodine treatment, 
there is a theoretical risk of thyroid cancer. It may there-
fore be prudent to avoid radioactive iodine therapy in chil-
dren less than 5 years of age. However, children as young 

as 1 year have been treated with radioactive iodine with 
 excellent outcomes (Safa et al., 1975; Rivkees et al., 1998).

Radiation exposure of the gonads during 131I therapy 
approximates 2.5 cGy, which is comparable to the gonadal 
exposure from a barium enema or an intravenous pyelo-
gram (Toohey and Stabin, 1996). The literature contains 
data on 500 offspring born to approximately 370 subjects 
treated with 131I for hyperthyroidism during childhood 
and adolescence (Rivkees et al., 1998). The incidence of 
congenital anomalies reported among the offspring of 
patients treated with radioiodine does not differ from the 
incidence in the general population. In addition, there was 
no increased prevalence of congenital anomalies in the off-
spring of 77 patients treated for thyroid cancer in childhood 
with 80–700 mCi of 131I (Sarkar et al., 1976). There is also 
no evidence of an increased rate of birth defects in survi-
vors of the Hiroshima and Nagasaki atomic bomb blasts 
who were exposed to higher levels of external irradiation 
of the gonads than those associated with radioactive iodine 
 therapy (Schull et al., 1981; Robertson and CA, 1976).

In addition to thyroid cancer, potential influences of 131I 
therapy on other cancers need to be considered. Follow-
up from the large cohort of the Cooperative Thyrotoxicosis 
Therapy Follow-up Study did not find increased risks of 
leukemia in the 131I-treated group, as compared with the drug 
and surgery-treated groups (Saenger et al., 1968). No increase 
in overall cancer mortality was seen in the 131I-treated patients 
either (Ron et al., 1998). In other studies, excess thyroid can-
cer mortality following 131I therapy for Graves’ disease was 
observed during the early, but not later, years of the follow-
up (Hall et al., 1992). This observation is believed to reflect 
issues related to increased cancer surveillance and detection, 
rather than 131I effects (Hall et al., 1992).

More recently, an increased risk of stomach, kidney 
and breast cancer was observed in adults treated with 
131I. Importantly, these increased risks were seen in those 
patients who did not become hypothyroid, and no increased 
risk for cancer was seen in those patients who became 
hypothyroid (Metso et al., 2007a). An increased risk of car-
diovascular mortality has also been observed in adults with 
hyperthyroidism due to toxic multinodular goiters, but not 
in adults with Graves’ disease (Metso et al., 2007b).

Health of offspring

Radiation exposure of the gonads during 131I therapy 
approximates 2.5 cGy, which is comparable to the gonadal 
exposure from a barium enema or an intravenous pyelo-
gram (Robertson and CA, 1976). The literature contains 
data on 500 offspring born to approximately 370 subjects 
treated with 131I for hyperthyroidism during childhood 
and adolescence (Rivkees et al., 1998). The incidence of 
congenital anomalies reported among the offspring of 
patients treated with radioiodine does not differ from the 
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incidence in the general population. In addition, there was 
no increased prevalence of congenital anomalies in the off-
spring of 77 patients treated in their childhood with 80–
700 mCi of 131I (Sarkar et al., 1976). Furthermore, there 
was no evidence of an increased rate of birth defects in sur-
vivors of the Hiroshima and Nagasaki atomic bomb blasts 
who were exposed to higher levels of external irradiation 
of the gonads than are associated with radioactive iodine 
therapy (Schull et al., 1981).

Surgical Options

Surgery is the oldest form of definitive therapy of Graves’ 
disease with the Nobel Prize in Physiology and Medicine 
awarded to Koker in 1909 for developments in this field 
(http://nobelprize.org/medicine/laureates/1909/index.html). 
The higher relapse rates seen with subtotal thyroidectomy 
have resulted in the recommendation that total thyroidec-
tomy is the procedure of choice for Graves’ disease (Lal et al., 
2005; Miccoli et al., 1996; Altman, 1973; Schussler-Fiorenza 
et al., 2006).

Following subtotal thyroidectomy, relief of hyperthy-
roidism is achieved in about 80% of children and adults, 
and hypothyroidism develops in about 60% of indi-
viduals (Ching et al., 1977; Buckingham et al., 1981). 
Hyperthyroidism recurs in about 10–15% of patients after 
subtotal thyroidectomy (Ching et al., 1977; Buckingham 
et al., 1981; Miccoli et al., 1996). In comparison, hyper-
thyroidism recurs in less than 3% of children and adults 
who undergo total thyroidectomy, and hypothyroidism is 
nearly universal (Ching et al., 1977; Buckingham et al., 
1981; Miccoli et al., 1996; Rudberg et al., 1996).

Acute complications include hypocalcaemia (40%), 
hematomas (2%) and recurrent laryngeal nerve paresis 
(2%) (Terris et al., 2006; Lal et al., 2005; Miccoli et al., 
1996). Long-term reported complications include perma-
nent hypoparathyroidism in 1% of patients, which is treat-
able with vitamin D or vitamin D analogs, and recurrent 
laryngeal nerve injury in 2% (Harrison, 1970).

The experience and expertise of the surgical center and 
surgeon is of considerable importance in evaluating the sur-
gical outcome of Graves’ disease. The above complication 
rates pertain to adults treated at expert surgical centers. 
We know little about current complication rates following 
 thyroidectomy performed on the pediatric population.

The Use of Antithyroid Medications

With the advent of thiouracil and (PTU) in the mid-
1940s, medical therapy for Graves’ disease improved 
markedly (Talbot et al., 1952). Because of the relatively 
high incidence of toxic reactions that developed following 
the administration of thiouracil, including agranulocytosis, 
leukopenia and drug fever, PTU became the mainstay of 

medical therapy (Talbot et al., 1952) and was later joined 
by MMI as an effective treatment option.

PTU and MMI reduce thyroid hormone synthesis by 
inhibiting the oxidation and organic binding of thyroid 
iodide (Cooper, 1986, 1998, 2005; Abraham et al., 2005; 
Azizi, 2006; Pearce and Braverman, 2004). These medi-
cations are not curative. Rather, they palliate the hyper-
thyroid state until it spontaneously resolves or definitive 
treatment is rendered.

MMI is ten-fold more potent than PTU and has a 
longer half life (Cooper, 1986, 1998). Recommended 
doses for initial therapy are 5–10 mg/kg per day for PTU 
and 0.5–1.0 mg/kg per day for MMI (Dallas and Foley, 
1996). But, even lower doses of PTU or MMI may be 
effective for induction or maintenance therapy.

To control the hyperthyroid state, PTU and MMI are 
typically given every 8 h. However, once-a-day dosing 
may bring remission as rapidly as divided doses (Dallas 
and Foley, 1996; Mashio et al., 1988, 1997) and is well 
suited for maintenance therapy (Shiroozu et al., 1986; 
Greer et al., 1965). Because MMI pills (5 or 10 mg) are 
smaller than PTU tablets (50 mg), and fewer MMI pills 
are generally needed, MMI may be more convenient.

After initiation of treatment with PTU or MMI, maxi-
mal clinical responses are seen after 4–6 weeks, at which 
time biochemical hypothyroidism develops. The thionamide 
dose can then be reduced to 30–50%. To achieve a euthy-
roid state, the dose of MMI or PTU can either be reduced 
further, or supplementation with levo-thyroxine started.

Complications of PTU and MMI

An apparent difference between the adult and pediatric 
populations is the higher incidence of adverse side-effects 
of antithyroid medications in the young. Published studies 
including 500 children (Huang et al., 2000; Hamburger, 
1985; Rivkees et al., 1998; Rivkees and Cornelius, 2003; 
Lippe et al., 1987), show that complications of drug ther-
apy include increases in liver enzymes (28%) and leukope-
nia (25%). Up to 0.5% of PTU or MMI-treated children 
will develop serious complications (Rivkees et al., 1998; 
Zimmerman and Lteif, 1998). By 1998, 36 serious adverse 
events and two deaths from liver failure (from PTU) due to 
antithyroid drug therapy of childhood Graves’ disease had 
been reported to the FDA MedWatch Program, which is 
very prone to under-reporting (Rivkees et al., 1998). In addi-
tion, several other deaths related to antithyroid medication 
therapy in children have been reported (Rivkees et al., 1998).

Long-term efficacy of antithyroid drugs

In children, published remission rates after several years 
of drug therapy are usually less than 25% (Barnes and 
Blizzard, 1977; Hamburger, 1985; Buckingham et al., 1981; 

http://nobelprize.org/medicine/laureates/1909/index.html
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Crawford, 1981; Hung et al., 1962; Rivkees and Cornelius, 
2003; Vaidya et al., 1974). It has been suggested that after 
2 years of treatment remission rates are 25%, that 4 years 
of drug therapy are needed to achieve 50% remission rates 
(Lippe et al., 1987), and that 10 years of drug therapy can 
achieve remission in 75% of children (Lippe et al., 1987). 
However, although widely cited, these theoretical projec-
tions have not been substantiated. The most extensive long-
term study of this issue involving nearly 200 children with 
Graves’ disease shows that less than 20% of children treated 
medically achieve remission lasting greater than two years 
(Hamburger, 1985). When responses to medical therapy 
between prepubertal and pubertal children are compared, 1-
year remission rates are also less in prepubertal than in puber-
tal children (Lazar et al., 2000; Shulman et al., 1997).

Risks of cancer after drug therapy

Antithyroid drugs are preferred over radioactive iodine 
therapy by many clinicians based on the assumption that the 
risk of cancer is less after drug therapy than after radioactive 
iodine. However, data do not support this assumption.

The largest long-term follow-up study of thyroid can-
cer risks after treatment of Graves’ disease by the CTSG, 
revealed that the incidence of thyroid carcinomas in over 
10–20 years of follow-up (not lifetime incidence) is five-
fold higher in adults with Graves’ disease treated with 
thionamide drugs (follow-up period normalized incidence 
rate  1 case per 332 individuals) than in patients treated 
with 131I (1/1783), and eight-fold higher than in patients 
treated surgically (1/2820) (Dobyns et al., 1974). The 
incidence of thyroid adenomas are also 10 and 20 times 
higher among the adults treated with antithyroid drugs 
(1/76) than in patients treated with 131I (1/802) or surgery 
(1/1692), respectively (Dobyns et al., 1974) (Figure 98.5). 
Rather than reflecting a causative role for medical therapy 
in the pathogenesis of thyroid neoplasia, these observa-
tions may reflect the persistence of more thyroid tissue in 
patients treated with drugs than in individuals treated with 
radioactive iodine or surgery.

Although CTSG data show an increased rate of thyroid 
cancer in the drug-treated patients (Dobyns et al., 1974), 
it is important to note that thyroid cancer mortality rates 
were not increased in the CTSG patients treated with 

drugs (Ron et al., 1998). We are also unaware of thyroid 
cancer cases in the large numbers of children treated with 
antithyroid drugs alone.

Treating Children with Graves’  
Disease

Based on what is now known about the risks and benefits 
of different treatments and the pathogenesis of Graves’ 
disease, we can now be more selective in our approach to 
therapy. To reduce treatment risks and expedite cures, the 
treatment of the child or adolescent with Graves’ disease 
can be guided by the patient’s age, the nature of the intrin-
sic autoimmune disease, and the known risks and benefits 
of therapy (Figure 98.6; Table 98.2).

For children less than 5 years of age, we consider antithy-
roid medications as a first-line therapy. Radioactive iodine 
has also been successfully used in this age group without an 
apparent increase in cancer rates. Yet, it may be best to defer 
radioactive iodine therapy because of the possible increased 
risks of thyroid cancer after radiation exposure in very 
young children in the event that any thyroid tissue remains 
after radioactive iodine therapy, and to avoid the low level 
whole body irradiation associated with radioactive iodine.

Because young children are less likely to have remission 
than older children on drug treatment (Shulman et al., 1997; 
Lazar et al., 2000), prolonged drug therapy may be needed. 
If there are no toxic effects, continuing antithyroid drugs is 
reasonable until the child is considered old enough for radio-
active iodine therapy. Alternatively, thyroidectomy or ablative 
radioactive iodine therapy can be considered if reactions to 
medications develop, or there is the desire to avoid prolonged 
drug use. Fortunately, less than 5% of children with Graves’ 
disease present at 5 years of age or younger (Wilkins, 1965).

Fifteen percent of children with Graves’ disease will 
present between 6 and 10 years of age (Wilkins, 1965). 
Considering drug therapy as a first-line measure for 
this age group is reasonable. Yet, as 10 years of age is 
approached, either radioactive iodine or drug therapy can 
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be considered as an initial therapy, as the risks of thyroid 
 cancer in remaining irradiated thyroid tissue is expected to 
be less at 10 than at 5 years, and there will be lower whole-
body radionuclide exposure at 10 than at 5 years.

Children 10 years of age and older account for 80% of 
the pediatric cases of Graves’ disease. For this age group, 
radioactive iodine or antithyroid drugs can be considered 
as first-line treatment options. In determining if drug 
therapy is likely to be successful, thyroid size may be pre-
dictive of remission rates. The presence of a small thyroid 
suggests the possibility of remission on medical therapy. 
Yet, if the thyroid is large, the odds of spontaneous remis-
sion are low.

The critical issue about drug therapy is whether a lasting 
cure can be achieved after using medications to palliate the 
hyperthyroid state. Thus, for patients with normal TRAb 
levels and a small thyroid size, it seems reasonable to con-
tinue treatment for 6–12 months and stop the drug when 
clinical remission has been achieved. If a relapse occurs, 
medical treatment can be resumed, or an alternative form 
of therapy chosen. For patients with elevated TRAb levels 
and a large thyroid, it is much less likely that remission 
will occur after short-term or long-term medical therapy, 
and consideration should be given to definitive treatment 
after euthyroidism is achieved.

When radioactive iodine is used, it is important that 
higher doses of 131I be used in children. The goal of radio-
active iodine therapy in children should be to ablate the 
thyroid gland and achieve hypothyroidism. If no thyroid 
tissue remains, the risk of thyroid cancer will be very small, 
if present at all. To achieve this goal, we now use doses of 
131I of 200–300 Ci/g of thyroid tissue.

Finally, irrespective of the treatment option selected, 
careful follow-up is needed for all patients treated for 
Graves’ disease. Long-term follow-up should include regu-
lar examination of the thyroid gland and measurement of 
circulating levels of thyroid hormones once or twice a year. 
All newly-appearing thyroid nodules should be biopsied or 
excised.

Choosing a treatment approach for Graves’ disease 
during childhood is often a difficult and highly personal 
decision. Discussion of the advantages and risks of each 
therapeutic option by the physician is essential to help the 
patient and family select a treatment option.

Summary Points

l Long-term, spontaneous remission of Graves’ disease 
occurs in less than 30% of children. Thus the vast 
majority of children with Graves’ disease will need 
definitive, curative therapy, either in the form of sur-
gery or radioactive iodine.

l There is little evidence that use of antithyroid medica-
tions beyond 1 or 2 years increases the likelihood of 
spontaneous, long-term remission.

l Antithyroid medication use in children and adoles-
cents is associated with minor and major side-effects. 
Although the use of antithyroid medications is a stand-
ard practice, the use of antithyroid medications involves 
definite risks.

l Total thyroidectomy is an effective treatment of Graves’ 
disease, with a low rate of disease recurrence. Long-
term complications include recurrent laryngeal nerve 
paresis in 2% or more of individuals, permanent 
hypoparathyroidism in 1% or more, and hypertrophic 
and nonhypertrophic scars. Surgery is the preferred 
definitive treatment for a very large thyroid gland and 
when the individual is considered too young for 131I.

l When used at doses that deliver 150 Gy or more 
(,150 Ci 131I/g of thyroid tissue), radioactive iodine 
is an effective cure for Graves’ disease and is associated 
with few acute side-effects. Potential long-term adverse 
side-effects, including thyroid cancer and genetic dam-
age, have yet to be observed in individuals treated as 
children or adolescents with 131I.

Addendum

Radiation Safety Precautions for Iodine-131 
Patients

The radioiodine from the treatment will initially localize in 
your bloodstream. During the first few days after admin-
istration, significant levels of radioactivity may be present 
in all body fluids. During this period, we recommend that 
you minimize potential transfer of body fluids such as 
blood, saliva, sweat, urine, etc. to others. Your body will 
excrete most of this radioactivity during this period via 
urination. The levels of radioactivity in the bloodstream 

Table 98.2 Graves’ disease treatments

Medical Surgery Radioactive iodine

Long-term remission rates 15–25% 90–100% 90–100%
Minor side-effects 20–30%, Rash/Urticara arthralgia, 

 Leukopenia
100%, 5% transient hypocalcemia 5% pain

Major side-effects 0.8% severe hepatitis 
 agranolocytosis

1–5% vocal cord paresis,  
 1–5% hypoparathyroidism

0.01% thyroid storm

Reported mortality 10 children 1/1000 children None
Long-term thyroid cancer risks 0.3% 0.03% 0.05%
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will rapidly decrease during this period until the residual 
activity is fixed in any remaining thyroid tissue.

External levels of radiation will be present, so you 
should follow the Radiation Safety Officer’s (RSO) recom-
mendations regarding the period of time others may stay 
near you during the week. Infants and children (less than 
18 years old) are more sensitive to radiation than adults. 
Please strictly limit your time in close contact with infants, 
children and pregnant women during the first week,

1. Drink plenty of fluids for at least the first 2 days and go 
to the bathroom frequently to keep the bladder from fill-
ing completely. We also recommend you chew sugarless 
gum or something natural like fruit, during this period, 
to reduce unnecessary dose to the salivary glands.

2. Do not breastfeed infants until your physician or the 
RSO says it’s okay to do so. You may elect to freeze 
breast milk in preparation for the Iodine-131 treat-
ment. After treatment, always consult your physician or 
the RSO before the resumption of breast feeding.

3. For the first week, do not prepare or share food, drinks, 
snacks, clothes, toys, book, or other items with others. 
We also recommend that you use automatic dishwash-
ing or disposable dishware and utensils during this ini-
tial period.

4. Keep your toiletries (e.g., toothbrush and paste, razor, 
soap, deodorant, cosmetics, etc.) strictly for your own 
use. Also, all personal items (e.g., books, magazines, 
tapes, etc.) that you intend to handle, should likewise 
be kept away from others for a period of 1 month after 
treatment. You can use disposable plastic or cloth gloves 
if you wish to handle items that others need to use. If 
more than one bathroom is available in your home you 
may elect to designate it for your personal use only, 
during the first week.

5. After using the bathroom sink, tub, or shower, wash 
them with soap and water or other common cleansers. 
Likewise, flush the toilet two or three times after each 
use and clean the seat with a suitable cleanser. Men 
should sit down on the toilet during urination to mini-
mize splashing for the first week.

6. Store your laundry separately during the week, then 
at the end of the week, wash all your laundry separate 
from all other laundry. Do not mix your laundry with 
other laundry in the washing machine or dryer. Use 
regular laundry detergent. If this is your washer, you 
may wish to run an empty load after you finish, before 
washing the normal laundry.

7. If a child wishes to sit on your lap (this is not recom-
mended for the first 48 h), place a towel on your lap 
for the child to sit on during the first week. Do not let 
the child remain on your lap more than a total of half 
an hour (30 min) per day. The RSO will review your 
individual situation and make appropriate changes to 
this precaution, if needed.

 8.  If possible, sleep separately from your mate or sibling 
for this first week. If this is not feasible, you can con-
tinue to sleep with that person, provided you avoid 
contact while sleeping.

 9. Try to avoid intimate contact (exchange of body flu-
ids) with your mate for 1 month following treatment. 
If this cannot be done, appropriate barrier protection 
is recommended.

10. Avoid exercising in health clubs. Also do not use 
saunas, steam rooms, hot tubs, or get involved in 
activities causing excessive perspiration during this 
first week, to avoid contaminating publicly shared 
equipment.

11. You should wash your hands frequently and shower 
daily during the first week.

12. When your physician recommends a return to work, 
you may do so without being concerned about expos-
ing coworkers. If you work with children, in the 
nuclear industry or in the food service fields, you 
should discuss the situation with the RSO.

13. Do not travel by commercial airline or long haul 
bus transportation for at least the first 2 days. Avoid 
lengthy auto trips with other people in a car for at 
least 2 days.

14. Avoid becoming pregnant for 6 months and preferably 
for 1 year.
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Abstract

The avidity of the thyroid gland for iodine is exploited with 
the use of radioiodine (131I) in the treatment and investiga-
tion of differentiated thyroid cancer. In combination with 
stimulation by thyroid-stimulating hormone (TSH), a low-
iodine diet is commonly utilized to enhance the uptake of 
radioiodine by remnant thyroid tissue or tumor. A low-
iodine diet is effective in reducing total body iodine. There 
is good evidence from several studies that a low-iodine 
diet can significantly increase the radiation dose delivered 
to remnant thyroid tissue following surgery, and some 
 retrospective data demonstrates an increased rate of thyroid 
remnant ablation. The optimal duration of the low-iodine 
diet is uncertain, usually lasting up to 2 weeks. Due to the 
wide range of foods containing iodine, a low-iodine diet can 
be complex to follow and potentially distressing to thyroid 
cancer patients. There is a wealth of information, sometimes 
contradictory, available to patients regarding the appropriate 
content of a low-iodine diet. Dietary advice needs to be as 
simple as possible and individualized to the region/country.

Abbreviations

BTA British Thyroid Association
CT Computerized tomography
TSH Thyroid-stimulating hormone
rTSH recombinant thyroid stimulating hormone

Introduction

Thyroid cancer is the commonest endocrine malignancy, 
with approximately 1000 new cases per year in the UK. 
Papillary and follicular thyroid cancer are referred to as dif-
ferentiated thyroid cancer, and carry a favorable prognosis, 
with overall 10 year survival in the order of 90%. For most 
patients treatment for differentiated thyroid cancer consists 

of a total thyroidectomy followed by radioiodine ablation 
and suppression of thyroid-stimulating hormone (TSH) by 
thyroid hormone replacement. Although termed a “total” 
thyroidectomy, there is almost always some remnant thy-
roid tissue in the neck following surgery. Both thyroid tissue 
and differentiated thyroid cancer exhibit very high-iodine 
uptake, which can be exploited both diagnostically and 
therapeutically using radioiodine. Routine postoperative 
ablation of the thyroid remnant using radioiodine has been 
shown to reduce local recurrence, and may improve sur-
vival after a total thyroidectomy for differentiated thyroid 
cancer, particularly following removal of tumors more than 
1–1.5 cm in size. The British Thyroid Association (BTA, 
2002) guidelines recommend routine postoperative radio-
iodine ablation for differentiated thyroid cancers greater 
than 1 cm in size. The rationale for radioiodine ablation is 
summarized in Table 99.1. Radioiodine administration is 
well-tolerated and has an excellent safety record. The avid-
ity of thyroid tissue and differentiated thyroid cancer for 
iodine provides therapeutic potential for radioiodine with 
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Table 99.1 The rationale for the use of radioiodine (131I)

1. Destruction of residual thyroid cancer cells
  Radioiodine ablation reduces local and distant recurrence, 

possibly prolonging survival

2. Aids interpretation of thyroglobulin on follow-up
  Radioiodine ablation renders the patient completely athyroid 

and thyroglobulin levels should be undetectable. Any 
subsequent elevation in thyroglobulin is likely to indicate 
recurrence, facilitating earlier detection

3. Aids the accuracy of diagnostic scans
  Whole body postablation gamma camera scans may show the 

presence of previously undiagnosed metastases. Ablating of 
thyroid tissue improves the ability of future radioiodine scans to 
detect local or metastatic disease.

Note: The table gives a summary of the reasons underlying the 
benefit of radioiodine in the treatment of differentiated thyroid 
cancer.
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the possibility of delivering a high dose of radiation to the 
target tissues while minimizing the dose to the rest of the 
body. Radioiodine scans use lower 131I doses than ablation 
treatment, and are used in follow-up to detect recurrence.  
A diet low in nonradioactive iodine (127I) is widely used 
prior to the administration of 131I for scans and therapy in 
order to improve the diagnostic and therapeutic ratio, by 
enhancing uptake of radioiodine by remnant thyroid tissue 
and any residual differentiated thyroid cancer.

Preparation for Radioiodine Scans  
and Therapy, and the Rationale for a 
Low-Iodine Diet

The radiation dose delivered by radioiodine treatment to 
any residual thyroid tissue or tumor is an important deter-
minant in the effectiveness of radioiodine therapy (Maxon 
et al., 1983b). The dose administered to areas of radioio-
dine uptake is determined by the activity of radioiodide 
administered, extent of uptake and duration of retention 
of the radioisotope. There is considerable uncertainty over 
the optimum dose of radioiodine that should be adminis-
tered. Although increasing the dose of radioiodine admin-
istered to the patient may increase the dose to the target 
tissue, and possibly the efficacy of ablation of remnant 
thyroid tissue, it will also increase the dose to the whole 
body. The risks of side-effects from radioiodine are low, 
but higher whole body doses are likely to increase the risk 
of serious consequences, such as secondary carcinogenesis. 
Enhancement of the uptake of radioiodine by thyroid  
tissue and residual disease increases the dose delivered to 
thyroid tissue, avoiding the necessity of increasing the 
whole body dose. This can be achieved by stimulation of 
the activity of thyroid tissue via high levels of TSH and by 
depletion of competing total body iodine.

The induction of high levels of TSH to stimulate resid-
ual thyroid tissue or tumor is a key strategy in successful 
radioiodine administration. Thyroid tissue takes up radio-
iodine from the bloodstream much more readily when 
exposed to high levels of TSH. TSH is an anterior pitui-
tary hormone whose release is under negative feedback 
control from circulating thyroid hormones. Following a 
total thyroidectomy patients require oral replacement of 
thyroid hormones to prevent hypothyroidism. Temporary 
withdrawal of these hormones removes the negative feed-
back on the pituitary and TSH production escalates. 
Withdrawal of thyroid hormones typically involves with-
drawal of levothyroxine (T4) 4 weeks prior to radioiodine 
administration. Triiodothyronine (T3), a compound with 
a shorter biological half life than thyroxine, is adminis-
tered for the subsequent 2 weeks, prior to a final 2 weeks 
of complete withdrawal of thyroid hormones. Although 
successful in stimulating TSH release from the pituitary, 
the withdrawal of thyroid hormones commonly induces 
symptoms of hypothyroidism. A recent alternative to the 

withdrawal of thyroid hormones to stimulate the endog-
enous production of TSH is the exogenous administration 
of recombinant TSH (rTSH) (Haugen et al., 1999).

Depletion of plasma iodide by following a diet with 
restricted iodine content is a complementary approach to 
the stimulation of thyroid tissue by endogenous or rTSH. 
Iodine depletion is thought to enhance radioiodine uptake 
and retention by thyroid tissue, by both increased expres-
sion of the sodium iodide symporter within thyroid cells 
(De La Vieja et al., 2000), and by reduced competition for 
uptake due to a reduced plasma iodide concentration.

Evidence for the Benefit of a  
Low-Iodine Diet

There have only been a limited number of studies that have 
addressed the value of a low-iodine diet prior to radioiod-
ine administration, summarized in Table 99.2. It is difficult 
to define the optimal extent of reduction in iodine intake 
and consequently urinary excretion when a low-iodine diet 
is used in preparation for radioiodine administration. Park 
and Hennessey (2004) classified a reduction in urinary 
iodine/creatinine ratios to 50 g/g as excellent, and to  
51–100 g/g as adequate preparation prior to radioiodine 
treatment. Comparison between studies is further complic- 
ated by the different measures used to measure urinary iodine, 
including 24 h urinary iodine, iodine/creatinine ratios and 
spot urine iodine measurements. Spot urinary iodine con-
centrations which are not normalized to urine creatinine are 

Table 99.2 Summary of evidence for the benefit of a low-iodine 
diet

Efficacy in reducing urinary iodine excretion
Multiple studies confirm the efficacy of a low-iodine diet in 
reducing urinary iodine excretion. Goslings (1975), Maxon 
(1983a), Lakshmanan et al., (1988), Morris et al., (2001), Pluijmen  
et al., (2003), Tomoda et al., (2005).

Enhancement of radioiodine dose delivered to the thyroid
Studies show an increase in delivered radiation dose, varying from 
approximately 50% to 200%, by increased uptake and increased 
biological half life of 131. Barakat and Ingbar, (1965); Goslings, 
(1975); Maxon, (1983a); Lakshmanan et al., (1988); Pluijmen  
et al., (2003).

Evidence for effect on ablation rates
Morris et al., (2001): Retrospective study, n  94. Nonsignificant 
increase (68% vs. 62%) in thyroid remnant ablation with  
low-iodine diet
 Pluijmen et al., (2003): Retrospective study, n  120. Significant 
improvement (p  0.001) in thyroid remnant ablation (65% vs. 
48%) in favor of a low-iodine diet

Evidence of impact upon disease-free survival, overall survival
Studies not done

Note: The use of a low-iodine diet in combination with radioiodine 
as part of the treatment of differentiated thyroid cancer is 
supported by studies investigating a variety of surrogates for 
clinical outcomes.



dependant on the hydration state of the patient and do not 
necessarily reflect total body iodine. The effectiveness of low-
iodine diets in reducing iodine intake have been shown in 
studies measuring urinary excretion of iodine. A study com-
pared 19 patients receiving a low-iodine diet with 21 con-
trol patients without dietary modification, and found that 
urinary iodine excretion was significantly reduced (43 vs.  
347 g/gCr per 24 h) (Maxon et al., 1983a). Early studies 
suggested that a low-iodine diet could successfully be used 
to increase radioiodine uptake by tumor or residual thy-
roid tissue. A small study in patients with residual local 
disease following thyroidectomy found a two-to three-fold 
increase in radiation dose to the target tissue in the absence 
of TSH stimulation following a low-iodine diet (Barakat 
and Ingbar, 1965). Similarly, a study of seven patients with 
metastatic follicular thyroid cancer found that a 4-day low-
iodine diet appeared to double the tumor dose (Goslings, 
1975). Other studies had similar findings of an increase in 
131I tumor dose to differentiated thyroid cancer (Maxon  
et al., 1983a; Lakshmanan et al., 1988). In these studies, the 
delivered dose was increased both by enhanced radioiodine 
uptake by the thyroid gland and by increased biological half 
life of the radioiodine. These studies are small and meas-
ure surrogates for clinical outcomes, including radioiodine 
uptake, calculated tumor dose and urinary iodine excretion. 
These outcome measures do not necessarily correlate with 
clinical disease outcomes.

Two larger, more recent, studies have investigated 
the role of a low-iodine diet on successful ablation rates 
of thyroid remnants (Morris et al., 2001; Pluijmen  
et al., 2003). Although ablation rates of thyroid remnants 
remain a surrogate for clinical outcomes in treating thy-
roid cancer, they represent an important aim of treatment. 
Measurement of more conventional outcomes in cancer 
care, such as disease-free survival and overall survival are 
difficult in a disease with a protracted natural history and 
a generally good prognosis. Assessment of the benefits of 
a low-iodine diet in terms of clinically relevant benefits is 
critical to determining whether a low-iodine diet, with the 
associated inconvenience, is warranted.

Morris et al. (2001) retrospectively reviewed the abla-
tion rates following initial radioiodine treatment post-
thyroidectomy for differentiated thyroid cancer patients 
in a single institution in the US. In this center a written 
comprehensive low-iodine diet was introduced in 1996 to 
replace a policy of limited simple verbal advice to avoid 
iodized foods, enabling a retrospective comparison between 
two different cohorts. Successful ablation was deemed to 
have occurred if there was no radioiodine uptake in the 
area of the thyroid bed on a diagnostic uptake scan per-
formed between 4 and 42 months post-ablation. The 
was no statistically significant difference in ablation rates 
between 50 patients treated prior to 1996 who received 
minimal dietary advice with a 62% successful ablation 
rate, and with 44 patients post-1996 who received the 

formal low-iodine diet advice and had an ablation rate of 
68%. In patients receiving the low-iodine diet there was a 
69% reduction in mean urinary iodine content measured 
on spot urinary iodine uncorrected for hydration status, 
with a mean urinary iodine level of 174 g/l on comple-
tion of the low-iodine diet. The dose of radioiodine used 
in the ablation treatment within the study varied between 
100 and 200 mCi, with a significantly higher proportion 
of patients who did not receive the formal low-iodine diet 
receiving higher doses. The authors noted a nonsignificant 
trend toward improved ablation rate with higher doses of 
radioiodine. Based on the lack of a statistically significant 
difference in ablation rates, the authors recommended a 
less stringent diet to improve patient convenience, with-
out compromising outcome. However, although this study 
demonstrates only a small nonstatistically significant trend 
toward improved ablation rates with a low-iodine diet, 
the size of any benefit may be masked by the lower aver-
age ablation doses administered to the low-iodine group. 
In addition, despite the reduction in spot urinary iodine 
concentration achieved by a low-iodine diet, significant 
levels of iodine were present. Failure to reduce iodine 
intake sufficiently may reduce or prevent the benefit of a  
low-iodine diet.

A retrospective review of patients treated in a refer-
ral center in the Netherlands has also examined the effect 
of a low-iodine diet on thyroid remnant ablation follow-
ing surgery for differentiated thyroid cancer (Pluijmen  
et al., 2003). Before 1992 in this center, patients were not 
advised to follow a low-iodine diet prior to thyroid radi-
oiodine ablation, after 1992 patients received stringent 
low-iodine dietary information. This low-iodine diet was 
of only 4 days duration, but was aimed at reducing uri-
nary iodine excretion to below 49.4 g/day and consisted of 
both written instructions and assistance from a dietician. 
Thyroid ablation was assessed 6 months after treatment by 
a radioiodine scan and measurement of serum thyroglob-
ulin. Fifty-nine patients were studied in the low iodine 
group and 61 in the control group treated prior to 1992. 
The low-iodine diet was successful in reducing iodine 
excretion to a mean of 27 g/day compared with 159 g/
day in a sample of patients not receiving a low-iodine 
diet. The 24 h uptake of 131I was significantly higher in 
patients receiving a low-iodine diet, with an increase in 
uptake by 65% consistent with the earlier studies (Maxon 
et al., 1983a; Lakshmanan et al., 1988). In patients with-
out anti-thyroglobulin antibodies there was a statistically 
significant improvement in ablation rates, 65% in the 
low-iodine diet group compared with 48% in the control  
group (p  0.001).

Determining the importance of the low-iodine diet 
prior to radioiodine ablation therapy and scans is ham-
pered by the limited size and retrospective nature of the 
studies performed. Overall these studies, with the study in 
the Netherlands leading the way, generally suggest that a 
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low-iodine diet is effective at increasing radioiodine uptake 
by the thyroid remnant following surgery and improving 
ablation rates. The link between these outcome measures 
and long-term clinical benefits remains to be investigated.

Low-Iodine Diet in Combination 
with rTSH and Thyroid Hormone 
Replacement Prior to Radioiodine 
Administration

The increasingly common use of rTSH in preparation for 
radioiodine scans or ablation allows patients to continue to 
take T4 and avoid transient symptoms of hypothyroidism. 
Depletion of body iodine levels is potentially complemen-
tary to the administration of rTSH, in the same way as the 
stimulation of endogenous TSH production by thyroid 
hormone withdrawal. The efficacy of a low-iodine diet to 
increase radioiodine uptake has not been validated in the 
setting of thyroid hormone replacement and rTSH. Recent 
studies testing the efficacy of rTSH have included a low-
iodine diet (Haugen et al., 1999). T4, however, represents a 
significant source of daily iodine intake. A typical daily dose 
of 200 g of T4 contains 126 g iodine (Sonenberg, 2002). 
A retrospective study by Park and Hennessey (2004) at 
Rhode Island hospital examined the efficacy of a low-iodine 
diet when rTSH is used prior to radioiodine scans and T4 is 
continued. This study confirmed the ability of a simple out-
patient self-managed low-iodine diet in reducing total body 
iodine to an iodine-deficient state (defined as a urinary 
iodine/creatinine ratio of 50 g/g) in 78% of the patients 
who underwent standard thyroid hormone withdrawal. As 
expected, there was a loss of efficacy in achieving an iodine-
deficient state in patients who received both a 1-and 2-week 
low-iodine diet combined with rTSH and continued T4. 
No patient achieved iodine deficiency after a 1-week diet, 
and only 21% after a 2-week diet. The low-iodine diet was, 
however, effective in reducing total body iodine, achieving 
what was classed as suboptimal but adequate preparation 
prior to radioiodine scans (urinary iodine/creatinine ratio of 
50–100 g/g) in 41% of patients at 1 week and 71% at 2 
weeks. The authors conclude that a low-iodine diet can suc-
cessfully induce a degree of iodine deficiency in combina-
tion with rTSH and T4, and that a full 2-week low-iodine 
diet appears to be necessary in this situation. Some patients 
who receive rTSH prior to radioiodine are switched from 
T4 to T3 which contains less iodine. A typical daily dose 
of T3 of 50 g contains about 35 g iodine, and therefore 
facilitates more effective reduction in iodine intake com-
pared with T4.

Duration of the Low-Iodine Diet

Although a 2-week low-iodine diet appears to be neces-
sary when a patient is prepared for radioiodine with rTSH 

and continues thyroid hormone replacement, the optimal 
 duration of the diet when the patient is prepared by thyroid 
hormone withdrawal is uncertain. Previous studies have 
demonstrated adequate reduction in urinary iodine excre-
tion using a 1-week diet (Maxon et al., 1983a; Lakshmanan 
et al., 1988). The recent Netherlands study demonstrated 
effective induction of iodine deficiency with a 4-day period 
of iodine restriction (Pluijmen et al., 2003). Other studies 
have used diets of up to 2 weeks in duration (Morris et al., 
2001). A recent study in Japan, a country with high levels 
of dietary iodine, found that a 2-week low-iodine diet ade-
quately prepared 70% of patients for radioiodine (defined 
as a urinary iodine/creatinine ratio of 100 g/gCr) com-
pared with only 26% receiving a 1-week diet (Tomoda  
et al., 2005). The required duration of the low-iodine diet 
is likely to vary with the level of iodine in the normal diet 
and how strictly the diet excludes iodine-containing foods.

The Impact on Patients of Following a 
Low-Iodine Diet

Most patients asked to follow a low-iodine diet will receive 
written information from the treating institution at the time 
of their hospital consultation, outlining the basics of follow-
ing a low-iodine diet. There is a wealth of additional useful 
information with widely varying degrees of detail available 
from thyroid cancer support networks (Table 99.3), including 
extensive lists of permitted and forbidden food products. The 
Thyroid Cancer Survivors’ Association based in the US also 
provides a free low-iodine cookbook online with a host of rec-
ommended low-iodine recipes. In addition, there is informa-
tion to be found on a multitude of Internet sites. Advice on 
how to follow a low-iodine diet can be hugely complicated, 
and at times inconsistent. Overall determination of  which 
foods are safe to eat can be a daunting task for patients.

The impact on patients of the responsibility for follow-
ing a low-iodine diet should not be underestimated. The 
psychological state of patients with thyroid cancer awaiting 
either diagnostic radioiodine scans or radioiodine ablation 
has not been formally studied, although this is a period 
of time potentially associated with considerable difficulty. 
Some patients will be adjusting to a recent diagnosis of 
thyroid cancer. Patients who are preparing for radioiodine 
by the induction of hypothyroidism through temporary 
withdrawal of thyroid hormones are often suffering from 

Table 99.3 Sources of information for patients for following a 
low iodine diet

The British Thyroid Association: www.british-thyroid-association.
org
Thyroid Cancer Survivors’ Association (USA): www.thyca.org
Canadian Thyroid Cancer Support Group: www.thry’vors.org

Note: Useful advice on how to follow a low-iodine diet is available 
from a variety of organizations.

www.thyca.org
http://www.thry'svors.com
http://www.british-thyroid-association.org
http://www.british-thyroid-association.org
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 typical symptoms of hypothyroidism including mood 
changes and lethargy. In the authors’ and others experience 
(Morris et al., 2001) attempting to follow a low-iodine diet 
at this time can induce a great deal of anxiety, with some 
taking the diet to such extremes that they feel there is little 
that they can safely eat. Overcomplication of the diet also 
risks noncompliance and the consequent loss of any benefit 
obtained by reducing body iodine. The distinction between 
the recommended low-iodine diet and an iodine-free diet is 
often not clearly appreciated. Some patients will go on to 
have multiple radioiodine uptake scans or multiple radioio-
dine ablation treatments, with instructions to follow a low-
iodine diet each time. If their disease later recurs or fails to 
respond to treatment some patients will incorrectly blame 
this on dietary failures at the time of the low-iodine diet.

The huge amount of information, sometimes inconsist-
ent and occasionally contradictory, available to patients is 
due to the highly variable iodine content of many foods. 
Iodine content can depend on factors ranging from animal 
feeding practices, methods of food preparation, geographi-
cal location, season and legislation. For some food prod-
ucts, advice in one country may not be correct in another 
(Prestwich and Gerrard, 2005). The average iodine intake 
with a normal diet also varies greatly between countries, 
which has implications for how strict a low-iodine diet 
must be to achieve the generally recommended intake of 
less than 50 g/day. For example, the average daily excre-
tion of iodine in an individual living in Toronto, Canada, 
has been found to be 10 times than that of an individual 
in a European city (Delange, 2002). Similarly, in Japan 
the normal diet is iodine-rich and median urinary iodine 
excretion rate was 321 g/gCr in a Japanese population 
(Nagataki, 1993). In contrast, the diet in many countries, 
especially in Europe, remains relatively iodine-deficient 
(Vitti et al., 2003).

The Content of a Low-Iodine Diet

The key features of most low-iodine diets with reference 
to the major sources of iodine contributing to daily iodine 
intake are discussed below, and are summarized in Table 

99.4. As discussed, there is only limited uniformity between 
sources of information as to the content of a low-iodine 
diet, partly due to geographical and dietary variations. The 
recommendations of the British Thyroid Association (2002) 
for patients, adapted in Table 99.5, are for example not iden-
tical to the much lengthier advice provided by the Thyroid 
Cancer Survivors’ Association. Patients need to be aware 
that ingredient lists cannot be used reliably to determine 
whether a product contains significant levels of iodine.

Dairy products

Cows’ milk is a major contributor to dietary exposure 
to iodine, and intake has been shown to correlate with 

 urinary iodine excretion (Nelson et al., 1988). Iodine is 
naturally present in cows’ milk, but the concentration var-
ies with the animal feed used, the use of iodine-contain-
ing hygiene products by the dairy industry and the season 
of the year, with winter milk containing more iodine than 
that in the summer. In the UK the 1995 Total Diet Study 
estimated that milk contributed 41% of total exposure to 

Table 99.4 Key features of a typical low-iodine diet

Product Advice within low-iodine diet

Milk and diary products Avoid milk/milk products; Oat  
 milk is a good alternative
Avoid eggs (egg whites are  
 permitted)

Seafood Avoid fish/shellfish/seaweed  
 products

Salt Noniodized salt or sea salt  
 unrestricted

Grain and cereals Have only bread/baking without  
 iodized additives
Restrict portions of grain/bread/ 
 cereal/rice to 4 per day

Meat and poultry Some diets restrict to a  
 maximum 125 g per day; no  
 restriction in others

Vegetables and fruit Unrestricted other than  
 avoidance of rhubarb and  
 potato skins

Food colorings Avoid erythrosine (only in certain  
 cherries in UK)

Medication Consult physician if red coating  
 to tablets – may contain  
 erythrosine; amiodarone is  
 iodine containing.

Other iodine sources CT contrast forbidden
Avoid iodine containing  
 antiseptics/wound dressings

Note: Recommendations for following a low-iodine diet vary 
between organizations and countries, but the key consistent 
features are summarized.

Table 99.5 An example of advice given to patients for following 
a low-iodine diet

Do eat foods low in iodine
Fresh meat, vegetables, fresh fruit, pasta and rice

Do not eat foods rich in iodine
Foods artificially colored pink or red, such as canned and glace 
cherries, canned strawberries, spam, salami, certain pastries and 
sweets

Fish, kelp and all seafood

Vitamin supplements that contain iodine, cough medicine, iodized 
table salt or sea salt

Reduce intake of foods containing iodine
Dairy produce including eggs, cheese, milk and milk products

Note: An example of the type of advice given to patients on how 
to effectively follow a low-iodine diet.
Source: Adapted from the recommendations from the British 
Thyroid Association (2002) guidelines for patients.
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iodine (Ministry of Agriculture, 1997). The iodine con-
centration of milk in this study was 303 g/kg, meaning 
that a cup of milk would exceed the allowed daily intake 
of iodine within a standard low-iodine diet. Egg yolks are 
a rich source of iodine, although egg whites are low in 
iodine. A successful low-iodine diet needs significantly to 
restrict the intake of dairy products, with the Canadian 
Thyroid Cancer Support Group recommending a restric-
tion to less than 125 ml of milk per day or 30 g of cheese. 
Milk chocolate needs to be limited due to the milk con-
tent. Oat milk is a suitable low-iodine dairy milk sub-
stitute. Soya milk is not recommended by the Thyroid 
Cancer Survivors’ Association, although it is considerably 
lower in iodine content than dairy milk (McCance and 
Widdowson, 2002).

Seafood

Seafood, including saltwater fish, shellfish, kelp, and sea-
weed and seaweed products are rich in iodine. Processed 
food may need to be avoided, as seaweed products includ-
ing agar-agar, carrageenan and alginates are commonly 
used in food processing. The diet in Japan is very rich 
in iodine and achieving an iodine-deficient state is par-
ticularly difficult, partly due to the high intake of seafood 
products (Tomoda et al., 2005).

Salt

The use of salt in a low-iodine diet has caused a great deal 
of confusion to patients, with many patients and medical 
staff believing that a low-iodine diet is also a low-salt diet.

In order to combat the prevalence of iodine deficiency 
disorders, the World Health Organization has recom-
mended that all food salt should be iodized (WHO, 1999), 
although compliance with this varies. Salt sold in Canada 
for table use must be iodized according to federal law. The 
proportion of households using iodized salt is lowest in 
Europe at 27% compared with 90% in the US (WHO, 
1999). The UK has a diet sufficient in iodine, and salt is 
not routinely supplemented with iodine. There are only 
trace levels of iodine in noniodized salt, which is therefore 
entirely safe within a low-iodine diet. Studies testing levels 
of iodine in sea and rock salt have found only trace levels 
of iodine (Aquaron, 2000). In one comparison 1.2–1.4 g 
iodine/g of noniodized sea salt compared with 52.9–
84.6 g iodine/g of iodized salt (Fisher, 1980). However, 
due to the significant quantity of iodine in seawater a com-
mon misconception exists that sea salt is also rich in iodine.

Due to the prevalence of iodized salt in the US, the 
Thyroid Cancer Survivors’ Association, while stating that 
noniodized salt is acceptable, places emphasis on low salt 
recipes and the avoidance of restaurants or processed food 
in case iodized salt has been used. The British Thyroid 
Association (2002) similarly advises avoidance of iodized 

salt. It is important to emphasize to patients in the UK that 
normal table salt is not iodized, and that iodized salt is an 
unusual product in the UK and would be clearly labeled. 
Non-iodized sea salt is safe within a low-iodine diet.

Grain and cereals

Grain contains an amount of iodine that varies widely 
depending on the region in which the grain was grown. A 
recent study analyzed the iodine content in slices of bread 
and found a variation in different breads from 2 g to 
587 g per slice (Pearce et al., 2004). Whole grain products 
are higher in iodine than white bread. Commercial baker-
ies sometimes use calcium or potassium iodate as a dough 
stabilizer in bakery products, which can significantly con-
tribute to the iodine content in the diet. Given this diffi-
culty in predicting the iodine content in bread and cereals, 
the Thyroid Cancer Survivors’ Association recommends 
that patients bake for themselves if possible, while the 
Canadian Thyroid Cancer Support Group recommends 
restriction of whole grain cereals to twice per week, with 
no restriction on white bread.

Meat and poultry

Meat contains a limited amount of iodine with consider-
able regional variation. The Thyroid Cancer Survivors’ 
Association and the Canadian Thyroid Cancer Support 
Group advise limiting the intake of cooked weight to 
125 g/day. The BTA, however, does not place any restric-
tion (see Table 99.5) reflecting the limited contribution of 
meat to overall iodine intake.

Vegetables and fruit

Rhubarb and potato skins are avoided in some low-iodine 
diets, but otherwise fruit, fruit juices and vegetables are 
not restricted.

Food colorings

The red food dye erythrosine contains high levels of bound 
iodine, although there is evidence that the bioavailabil-
ity of this iodine is relatively low (Wenlock et al., 1982). 
Erythrosine provides another example of the variability in 
the advised content of a low-iodine diet between countries. 
In the US, erythrosine is known as F&DC Red No. 3 and 
is approved by the Food and Drug Administration for use 
as a food coloring (US Food and Drug Administration, 
1995). In contrast, in the UK, erythrosine is known as 
E127 and, under legislation implementing European 
Union law, it is limited to use in “cocktail cherries, can-
died cherries, bigarreaux cherries in syrup and cock-
tails” (Statutory Instrument, 1995). Even these types of 
 cherries in the UK are often not colored with erythrosine. 
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Alternative red food dyes are not high in iodine and 
 blanket advice sometimes given to patients to avoid prod-
ucts colored pink or red is not necessary in countries such 
as the UK, in contrast to the US.

Erythrosine is also used to provide the red color in the 
coating of some tablets. This use continues in the UK as it 
is not covered by food legislation. Red-colored tablets can 
provide a source of iodine in the diet that is sometimes not 
considered.

Contrast for computerized tomography (CT) 
scans

Radiographic contrast media contain iodine and need to 
be avoided prior to radioiodine scans or treatment. Due 
to the difficulty in achieving an iodine deficiency state 
following the use of contrast media, the inadvertent use 
of such media can delay radioiodine administration for 
6 months. This restriction is of particular relevance in CT 
scans used as a staging investigation for thyroid cancer, for 
which contrast must be avoided.

Wound dressing

Antiseptic agents which are iodine-based, such as betadine, 
need to be avoided, as iodine can be systemically absorbed 
following topical administration.

Conclusion

A low-iodine diet is used to enhance the uptake of radio-
iodine by the thyroid gland in the treatment and investi-
gation of differentiated thyroid cancer. There is a body of 
largely retrospective evidence supporting the benefit of a 
low-iodine diet. A low-iodine diet can be difficult to follow 
and anxiety-inducing. Advice regarding a low-iodine diet 
needs to be tailored to individual countries and simplified 
as much as possible.

Summary Points

l A low-iodine diet is used to enhance the uptake of 
radioiodine by thyroid tissue in the treatment and 
 investigation of thyroid cancer.

l The diet is effective at reducing total body iodine, 
increasing the delivered radiation dose to the thyroid, 
and evidence suggests improved thyroid ablation rates.

l Dairy products and seafood represent major sources of 
iodine to be avoided in the diet.

l Noniodized salt is acceptable within a low-iodine diet.
l A low-iodine diet can be difficult and distressing to fol-

low for cancer patients, with overwhelming amounts of 
information available.

l Advice on following a low-iodine diet needs to be as 
simple as possible, and country/region-specific.
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Abstract

For decades, 131I (radioiodine) has been used for the diag-
nosis and treatment of benign and malignant conditions of 
the thyroid gland. The beta particles from 131I damage and 
destroy the thyroid partly or completely. Radiation from 
131I has the potential to induce solid cancers and leuke-
mia, but there is no firm evidence of increased cancer risk 
after a diagnostic scan or treatment for hyperthyroidism. 
A significantly increased risk of second primary malignan-
cies has been reported with high cumulative activities of 
131I (22 GBq). There is no evidence that treatment with 
131I is associated with infertility in female patients or birth 
defects in subsequent children. Persons who stay in the 
vicinity of the patient are at risk of radiation exposure. Age 
at the time of such exposure is the most important factor 
that influences cancer risk. The thyroid gland of children is 
very sensitive to radiation, and special precautions should 
be taken in order to minimize external exposure and con-
tamination of children and pregnant women. Some stud-
ies recommend that when 131I is given to parents of small 
children, persons other than the patient should take care of 
the children in the first days after treatment. The patient 
should receive written information about the treatment 
and instructions for radiation protection. Release criteria 
from hospital and suggested restrictions on the behav-
ior of the patient after the treatment vary widely among 
European countries and between Europe and North 
America. The International Commission on Radiological 
Protection (ICRP) has recommended occupational and 
public dose limits and dose constraints. The European 
Commission (EC) has suggested more detailed dose con-
straints for different categories of caregivers. In Europe 
thyroid cancer patients are hospitalized for some days after 
the treatment. In the USA and Canada, competent and 
cooperative thyroid cancer patients can be treated on an 
outpatient basis.

Abbreviations

ALARA As low as reasonably achievable
 Beta particles  electrons
CI 95% confidence interval
E  Expected number of cancers in 

the non-exposed group
EC European Commission
ERR  RR  1 Excess relative risk
 Gamma rays
131I  131-iodine 
  radioiodine A radioactive isotope of iodine
123I  Another radioactive isotope of 

iodine
ICRP  International Commission on 

Radiological Protection
NRCP  National Council on Radiation 

Protection and Measurement
O Observed number of cancers
rhTSH Recombinant human TSH
RR  O/E Relative risk
SIR  Standardized incidence ratio; 

used when the expected cancer 
number is obtained from a 
registry

SPM Second primary malignancies
99mTc  A radioactive isotope of 

technesium
TEDE Total effective dose equivalent
Tg Thyroglobulin
TLD Thermoluminescence 
dosimeter
TSH  Thyroid-stimulating hormone 

or thyrotropin
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US NRC  United States Nuclear 
Regulatory Commission

US SEER  United States Surveillance 
Epidemiology and End Result

131Xe A stable isotope of xenon

Introduction
131I has been used for more than 60 years as a radioactive 
label for radiopharmaceuticals in nuclear medicine, both 
diagnostically (imaging) and therapeutically (for treatment 
of cancer and various thyroid conditions).

When administered as 131I, a major amount concen-
trates in the thyroid gland, although to a lesser extent in 
differentiated thyroid cancer compared with normal thy-
roid tissue. The short range of the emitted beta particles 
leads to cell damage and cell death. The emitted radiation, 
however, can be harmful to other organs of the patient and 
has the potential to induce cancer, especially with repeated 
treatments and high cumulative activities. Other people 
in the vicinity of the patient may be exposed to external 
radiation and contamination. For children, thyroid cancer 
after radiation exposure appears to be a significant risk, as 
has been documented after the accident in Chernobyl.

There are three basic principles to avoid unnecessary 
radiation exposure to others. Since the patient is a source of 
radiation to others; keep distance, limit the time spent close 
to the patient and avoid contamination, i.e., apply meticu-
lous hygiene to reduce the possibility of contamination.

The general public (children, pregnant women, etc.) may 
come into contact with the patient inadvertently and should 
avoid long-lasting close contact. The patient, as well as per-
sons who voluntarily help the patient, should be informed 
about the risks and simple radiation protection precautions.

131-Iodine and Radiobiology

Properties of 131I

131I is a radioactive isotope of iodine that decays with a 
physical half life of 8 days to stable 131Xe, and releases radi-
ation during the decay process by emitting beta particles 
(  electrons) and gamma () radiation. The emitted 
gamma radiation can be detected by a gamma camera and 
can be used diagnostically. The beta particles travel a dis-
tance of about 2 mm in tissue, thereby ensuring local treat-
ment of the tissue under consideration.

Some properties of the 131I beta-gamma emitter are 
shown in Table 100.1.

Radiation quantities and units

Radioactivity, or simply activity (A), is the number of 
disintegrations per second (dps) of a given sample of a 

radionuclide. The unit of radioactivity is the Becquerel 
(1 Bq  1 dps). The Curie (Ci) unit is still used in the 
USA (1 mCi  37 MBq). Table 100.2 shows the intercon-
version of Becquerel and Curie measures of radioactivity. 
The absorbed dose is the fundamental dosimetric quan-
tity in radiological protection and is measured in Gray 
(Gy). Absorbed dose means the radiation energy absorbed 
per unit of mass and is the quantity that is most directly 
related to biological effects. Dose equivalent is a quantity 
that includes organ-specific risk factors and is expressed 
as an effective dose in millisieverts (mSv). For  and  
radiation, 1 Gy  1 Sv.

Radiobiology and radiation sensitivity of the 
thyroid gland

Iodine is essential for proper functioning of the thyroid 
gland. The thyroid cells have the ability to take up iodine 
and do not distinguish between stable and radioactive 
iodine. The metabolism, biodistribution and excretion are 
the same as for ordinary iodine.

The sensitivity to ionizing radiation differs according to 
age. Age at the time of exposure is the most important factor 
that influences cancer risk, and the thyroid gland in children 
has one of the highest risk coefficients of any organ (Ron  
et al., 1995). Cancer risk decreases with increasing age at 
exposure. Adults seem to be fairly resistant to the induction 
of thyroid cancer by external radiation of 131I. The thyroid 
gland of children proliferates more rapidly than the adult 
gland. This fact is the primary reason why radiation effects 
are so apparent after exposure in childhood (Hempelmann, 

Table 100.1 Some properties of the 131I beta-gamma emitter

Physical  
half life

Type of  
radiation

Beta energy 
(MeV)

Gamma energy 
(MeV)

8 days beta/gamma 0.61 (main 
emission)

0.364 (main 
emission)

0.25–0.81 
(range)

0.08–0.72 
(range)

Notes: MeV, million electron volt; the emitted beta particles 
are used for treatment, and the emitted gamma rays are used 
diagnostically.

Table 100.2 Interconversion of Curie (Ci) and Becquerel  
(Bq) measures of radioactivitya

Millicurie  
(mCi)

Megabecquerel 
(MBq)

Gigabecquerel  
(GBq)

1 37
100 3700 3.7
150 5550 5.55
200 7400 7.4

a1 Ci  3.7  1010 Bq; a more practical subunit is the 
millicurie: 1 mCi  3.7  107 Bq  37 MBq.
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1968). The Chernobyl accident has strengthened the con-
nection between ionizing radiation and thyroid cancer. It has 
become clear that radiation is much more likely to induce 
thyroid cancer in children exposed at very young ages, espe-
cially if they have been exposed to 131I from ingestion, have 
had iodine-deficient diets and have a dysfunctional thyroid 
gland (Cardis et al., 2005).

Medical Use of 131-Iodine

l The diagnostic use of 131I is often replaced by the use of 
99mTc and 123I.

l 131I can be used for treating hyperthyroidism, as well as 
thyroid carcinoma and a few other conditions. The beta 
radiation from 131I leads to damage and death of thy-
roid cells. The side-effects are usually mild and mostly 
transient and can be limited by various precautions.

l Pregnancy is an absolute contradiction to treatment 
with 131I.

l Breast-feeding must be stopped before treatment.

Diagnostic use

131I in the form of sodium iodide was the first radiophar-
maceutical to be used for imaging of the thyroid gland. 
The administered activity used is only a few megabec-
querel. 131I gives a relatively high radioactive burden to the 
patient and does not have an optimal gamma energy for 
detection. 131I is, therefore, usually not the first choice for 
routine examinations of benign thyroid disease. Because of 
its gamma energy of 140 keV and a favorable half life of 
6 h, 99mTc-pertechnetate has become the most commonly 
used tracer for thyroid scintigraphy.

The radionuclides 131I, 123I and 99mTc can all be used diag-
nostically in thyrotoxicosis to differentiate between Graves’ 
disease, toxic multinodular goiter, toxic adenoma and thyroidi-
tis. All three radionuclides can be used to determine thyroid 
uptake values, although 123I should be the preferred option.

Before ultrasound-guided fine-needle aspiration came 
into use, scintigraphy was believed to be the most impor-
tant test for the evaluation of nodules in the thyroid gland. 
Scintigraphy should, however, still be used when the 
patient with a nodule has low serum thyroid-stimulating 
hormone (TSH) value, to confirm the diagnosis of a toxic 
adenoma.

Treatment

Treatment of Benign Thyroid Conditions Treatment of 
benign thyroid disease is the most widely used 131I therapy. 
In the USA, therapy with 131I is the most commonly used 
treatment for thyrotoxicosis. 131I destroys the overactive 
thyroid tissue, leaving the patient hypothyroid or euthyroid, 

depending on the activity administered. 131I can also be 
used to shrink goiters that cause problems because of their 
size. In most countries in Europe and the USA, patients are 
treated on an outpatient basis, provided the administered 
activity is in the range of about 200–800 MBq.

There is, however, still no consensus whether calculated or 
fixed activities should be administered when treating hyper-
thyroidism. The goal of the treatment – to aim for the fastest 
possible elimination of thyrotoxicosis or to try to obtain euthy-
roidism – should be discussed with the patient. In Graves’ dis-
ease, post-therapy hypothyroidism is common and occurs in 
most patients over time. Patients with toxic adenoma often 
reach euthyroidism off all medications. Most endocrinologists 
and nuclear medicine physicians would define cure as euthy-
roidism off medication, or under substitution with thyroxine.

Treatment of Thyroid Cancer Thyroid cancer therapy is 
the second most common therapy with unsealed radionu-
clides. Several courses of 131I therapy are often necessary to 
achieve a cure or remission. Only well-differentiated papil-
lary and follicular cancers are able to concentrate 131I to a 
sufficient degree. To get the best effect from 131I treatment, 
the patient should be under TSH stimulation. To obtain 
this, thyroxine medication should be interrupted for about 
4 weeks, or recombinant human TSH (rhTSH) could be 
used. After surgery, residual functioning thyroid tissue in the 
neck is often ablated with 131I, using an activity in the range 
of 1.85–3.7 GBq. This facilitates detection of recurrences by 
measuring serum thyroglobulin (Tg) and Tg antibodies. For 
treatment of metastasis, activities up to about 7.4 GBq are 
used. Most nuclear medicine physicians prefer to use fixed 
doses. A quantitative approach, however, will determine the 
activity required to deliver a sufficient radiation dose for 
cure. This would be in accordance with the ALARA (as low 
as reasonably achievable) principle.

The side-effects of 131I treatment are usually minor, and 
most of them are transient. The most common are nau-
sea, neck tenderness/radiation thyroiditis, gastric pain, 
 sialadenitis and transitional loss of taste. Sialadenitis can 
be limited by liberal hydration and by lemon juice/drops 
taken on day 2 after 131I treatment. Repeated treatments, 
however, can make dryness of the mouth a problem.

Treatment of Other Conditions In recent years, mono-
clonal antibodies have been labeled with 131I and have been 
used in the treatment of non-Hodgkin’s lymphoma (131I-
tositumomab). Noradrenalin analogs such as metaiodoben-
zylguanidine have also been labeled with 131I and have been 
used to treat patients with tumors of neuroendocrine origin.

Pregnancy and breast-feeding

Pregnancy is an absolute contraindication to therapy with 
131I. 131I is rapidly transferred across the placenta. The  
thyroid of the fetus begins to accumulate iodine at 
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about 10 weeks of gestation, and administering 131I to 
the mother could result in hypothyroidism at birth and 
increase the risk for subsequent thyroid cancer. Most com-
monly, the fetus is below that age and is exposed to gamma 
emission only from the bladder of the mother.

131I is concentrated in breast milk, and breast-feeding 
must be stopped immediately and preferably a few weeks 
before 131I therapy to minimize the dose to breast tissue. If 
a mother continues to breast-feed her child after 131I ther-
apy, the risk of thyroid cancer can be very high. Also, if a 
parent does not follow precautions and if an infant is being 
kissed or is contaminated in other ways, thereby receiving 
about 1 ml of saliva, the natural risk of thyroid cancer will 
be doubled (ICRP-94, 2004).

Modes of Radiation Exposure

External exposure

Because 131I emits gamma radiation with relatively high 
energy, the patient will represent a radiation hazard to his 
surroundings, i.e., family members, hospital staff, caregiv-
ers, friends and members of the public. Such radiation 

exposure of 131I to others is directly related to the amount 
of administered activity, the effective half life in the body, 
and the time spent in proximity to the patient, particularly 
in the first hours and days after treatment.

The activity retained in the patient is a function of the 
presence or absence of the thyroid gland, effective half life, 
hydration and renal function. Retention curves for 131I 
therapy of hyperthyroid and cancer thyroid patients are 
shown in Figure 100.1, which shows that the activity falls 
rapidly from the cancer follow-up patient and more slowly 
from the thyrotoxic patient.

The external exposure to another person from a patient 
treated with 131I will vary by a factor of 2–3 depending on 
whether the patient has been treated for thyroid cancer or is 
euthyroid or hyperthyroid. O’Doherty et al. (1993) meas-
ured dose rates from hyperthyroid patients treated with 200-
600 MBq 131I, and Barrington et al. (1996) measured external 
dose rates from cancer thyroid patients who had received 
ablation or follow-up treatment with 131I. Table 100.3 shows 
the mean dose rates from these studies of hyperthyroid and 
thyroid cancer patients at a distance of 1.0 m during the first 
8 days after treatment. It shows that, in hyperthyroid patients, 
the radiopharmaceutical will be retained in the patient for a 
relatively long time. In cancer patients, there is no retention 

Table 100.3 Mean dose rates from hyperthyroid and cancer patients (ablation and follow-up) 
treated with 131I at a distance of 1  m at various times post-administration (Sv/h/MBq)

Reference Patients Day 0 Day 1 Day 3 Day 8

O’Doherty et al., (1993) Hyperthyroid 0.06 0.05 0.04 0.03
Barrington et al., (1996) Ablation 0.046 0.019 0.007 0.003 (interpolated)
Barrington et al., (1996) Follow-up 0.046 0.019 0.003 0.00008

Notes: Sv, microsievert; MBq, megabecquerel; the table shows the difference in mean dose rates 
from hyperthyroid and cancer thyroid patients; the radioiodine will be retained much longer in a 
hyperthyroid patient compared with a cancer thyroid patient.
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Figure 100.1 Typical excretion curves in percentages of administered activities for 131I in different types of patients. Reproduced with 
kind permission from ICRP-94 (2004). Sources: Barrington et al., (1996); Hilditch et al., (1991). The figure shows that the activity of 131I 
falls rapidly from the cancer follow-up patients and more slowly from the thyrotoxic patients.
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of 131I, because the thyroid gland has been nearly or totally 
removed. Two days after treatment, most of the 131I is elimi-
nated from the patient’s body. If the patient has metastasis or 
residual tumor foci, the situation will be different and a sig-
nificant amount of 131I can be accumulated.

Internal exposure

Contamination of children with 131I is of special concern, 
and doses from internal contamination can be compared 
with doses from external exposure if precautions are not 
followed. For adults, the risk from contamination with 131I 
is low, and is much less important than external exposure.

Contamination can result from a spill during adminis-
tration of a radiopharmaceutical and leakage of body fluids 
from the patient (urine, saliva and vomit), Contamination 
can also result from airborne activity released when open-
ing a vial containing a solution of 131I, or from breathing 
exhaled activity from the patient.

The salivary glands, stomach and lactating breasts con-
tain a high concentration of inorganic iodide; approximately 
1500 times the level in plasma.

Radioactive iodine is excreted primarily in the urine 
and in smaller amounts in saliva, sweat and feces. The 131I 
contamination in sweat is small. According to the findings 
of Lassman et al. (1998) and Schomaecker et al. (2000), 
less than 0.1% 131I is exhaled. Jacobson et al. (1978) have 
shown that internal doses resulting from contamination 
and intake of 131I are likely to be much smaller (a factor of 
over 100) than external exposure to radiation from patients. 
Next to urine, the highest iodine excretion is in saliva. The 
activity in the salivary glands has been found to be propor-
tional to the administered activity. In a study by O’Doherty 
et al. (1993), it was shown that the maximal salivary activity 
occurs approximately 24 h post-administration.

Risks Associated with Non-Intended 
Radiation Exposure to the Patient

l The emitted radiation from 131I can cause damage to 
other tissues in the patient, and has the potential to 
induce cancer and leukemia, but no increased risks have 
been found after diagnostic scans.

l There is no increased risk of thyroid cancer after 131I 
treatment of hyperthyroidism, but only a limited 
number of children have been treated.

l A significantly increased risk of second primary cancers 
and leukemia has been reported with high cumulative 
activities of 131I (22GBq).

l Transient gonadal failure, transient amenorrhea and an 
early age of menopause have been observed.

l There is no evidence that exposure to 131I is associated 
with infertility in female patients, or with birth defects 
in subsequent children.

Risks of cancer induction

The magnitude of the risk of thyroid cancer following 131I 
exposure has been a matter of debate for more than 30 
years (NCRP, 1985). The risk rises linearly with the dose 
absorbed in the thyroid gland, and there is no evidence 
of a lower threshold. The only established etiologic envi-
ronmental factor for thyroid cancer is ionizing radiation. 
A lower risk from 131I compared with brief exposures to 
external radiation is anticipated. One reason is that the 
dose from 131I will be delivered gradually to the thyroid 
gland and will therefore allow the possible repair of DNA 
damage.

Risk After Being Exposed to Diagnostic Activities of 
131I Risks can be expressed as relative risk (RR), stand-
ard incidence ratio (SIR), and excess relative risk (ERR). 
In a large Swedish retrospective study, 34104 patients were 
observed. The patients had diagnostic scans with 131I and 
a mean follow-up of 24 years (Hall et al., 1996a). The 
patients were matched with the Swedish Cancer Registry; 
the SIR was 1.35, and the 95% confidence interval (CI) 
was 1.05–1.71. Among 68% of the patients referred for a 
reason other than suspicion of a thyroid tumor, the SIR 
was 0.75. Among the 2408 patients exposed before 20 
years of age, thyroid cancer occurred only in three. In 
the follow-up of 36 792 patients until 1998, Dickman  
et al. (2003) came to the same conclusion: there was no 
evidence that diagnostic doses of 131I increased the risk of 
thyroid cancer. Excess thyroid cancer was observed among 
the 1767 patients with previous external radiation therapy 
to the head and neck (SIR: 9.8, CI: 6.3–14.6). The study 
included few patients below 20 years of age, so the results 
apply primarily to exposure of adults (Holm, 2006).

Hamilton et al. (1989) studied 3503 children who 
underwent a 131I diagnostic scan. No excess of thyroid 
cancer was detected when compared to population-based 
thyroid cancer incidence rates. Other studies also conclude 
that there is no evidence of a relationship between a low-
activity diagnostic scan with 131I and thyroid cancers or 
benign nodules (Hall et al., 1996b; Hahn et al., 2001).

For leukemia and cancer types other than thyroid carci-
noma, increased risks have not been found after diagnostic 
scans (Holm et al., 1989).

The conclusion that can be drawn from the above stud-
ies is that a diagnostic scan with 131I is safe, and for adults 
there is no significant excess risk of having a thyroid or 
other cancer later in the lifespan.

Risk After Being Exposed to Therapeutic Activities of 
131I for Hyperthyroidism In hyperthyroidism the aim 
of therapy with 131I is often to deliver a dose of about 
100–300 Gy to the thyroid gland. Although 131I is the 
therapy of choice for this condition in many clinics, there 
is still a concern about the possible carcinogenic effects. 
Most studies have not, however, observed any increased 
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risk of thyroid cancer (Dobyns et al., 1974; Hoffman  
et al., 1982; Goldman et al., 1988; Beckers et al., 1996).

In a study from the USA, 65% of more than 35 500 
hyperthyroid patients were treated with 131I (Ron et al., 
1998). 131I was not linked to total cancer deaths or to any 
specific cancer except thyroid cancer. According to the 
authors the excess number of deaths was small, and they 
concluded that the underlying thyroid disease appeared to  
play a role. It was concluded that 131I was a safe therapy for 
thyrotoxicosis in adults. Franklyn et al. (1999) conducted a 
study on 7417 hyperthyroid patients in the period 1950–
1991. They found a significant increase in incidence and 
mortality for thyroid cancer, but the absolute risk was low.

A Swedish study comprising 10 552 hyperthyroid patients 
(Holm et al., 1991) showed that average doses to organs 
other than the thyroid were relatively low, with the highest 
dose to the stomach. The authors did not observe any sig-
nificantly increased risk for thyroid cancer after 131I exposure 
(RR: 1.29, CI: 0.76–2.03), but the statistical power to detect 
risks in children was limited. The study showed a significantly 
elevated risk of stomach cancer that increased with time after 
exposure and with administered 131I activity. This finding 
from the Swedish study has not been confirmed by others.

The risk of leukemia was also evaluated. No increased 
risk of leukemia was found (Hall et al., 1992).

From the above discussion, it can be concluded that 
there is no firm evidence for an increased risk of thyroid 
cancer or leukemia after treatment of thyrotoxicosis with 
131I. An increased cancer risk cannot be excluded in chil-
dren, because most patients treated are adults.

Risk After Being Exposed to High Activities of 131I 
After Treatment of Thyroid Cancer There is persisting 
concern regarding the induction of leukemia and second 
malignancies after 131I therapy of thyroid cancer. High 
activities are used, and the treatment is often repeated. 
High cumulative doses to tissues other than the thyroid 
can be delivered, especially to the organs of the digestive 
tract, the salivary glands and the bladder.

Table 100.4 shows cancer risks after 131I therapy reported 
from some studies of large cohorts of thyroid cancer patients.

An overall risk, SIR  1.43 (CI: 1.17–1.75), was found 
by Hall et al. (1991), along with significantly elevated risks 
for tumors of the salivary glands, genital organs and kid-
neys. They found that there was no increased risk with 
time, which contradicts the strong radiation effect of 131I. 
Dottorini et al. (1995) also found a significantly elevated 
SIR for salivary gland cancer, but the absolute number of 
patients was only three.

The study by de Vathaire et al. (1997) showed a strong 
relationship between the cumulative administered activity of 
131I (18.5 GBq) and the risk of colorectal cancer (ERR: 0.5 
GBq1, P  0.02).

Rubino et al. (2003) evaluated the risk of second pri-
mary malignancies (SPM) in 6841 thyroid cancer patients 

in three major European cohorts during the period 1934–
1995. 131I therapy was received by 62%, and 17% had 
external radiation therapy. An overall significantly increased 
risk of SPM of 27% (CI: 15–40) was found. With the 
increasing cumulative activity of 131I administered, the risk 
increased for both solid tumors and leukemias. A dose–
response relationship was found between the activity of 131I 
administered and the occurrence of bone and soft tissue 
cancers, and of colorectal and salivary gland cancers. No 
relationship between 131I and breast cancer was identified.

According to Ronckers et al. (2005), there is increased 
risk of cancers of the salivary glands, stomach and leuke-
mia following 131I treatment of thyroid cancer. Data from 
1988 were obtained from the United States Surveillance 
Epidemiology and End Results (US SEER) registries.

A multinational record study by Sandeep et al. (2006) 
from 13 cancer registries with 39 002 patients with 
 primary thyroid cancer showed a 30% increased risk for 
a second primary cancer. This study, however, did not 
include information regarding treatment with 131I. An 
increased incidence of breast cancer was found, but the 
authors suggest that the reciprocal association between 
breast cancer and thyroid cancer seems more likely to be 
explained by shared genetic factors and/or shared environ-
mental risk factors.

In the above-mentioned studies, the risk of a second 
malignancy after treatment with 131I is small. The risk, 
however, increases with high cumulative activities, espe-
cially when exceeding 18.5–22 GBq, as pointed out in 
the European consensus statement (Pacini et al., 2006). 
131I treatment of thyroid cancer should not be given to 
a patient if the benefit of the treatment is questionable. 
When 131I treatment is indicated, the administered activ-
ities should be kept as low as possible, because there is a 
linear relationship between the cumulative administered 
activity and the risk of a second other cancer or leukemia.

Infertility, gonadal failure and genetic effects

Radiation is known to be mutagenic. The doses to the ova-
ries and testes are about 0.038 mGy/MBq and 0.023 mGy/
MBq, respectively. Repeated treatment with 131I has been 
shown to impair spermatogenesis, especially with cumula-
tive doses exceeding 18.5–22.2 GBq (Pacini et al., 1994). 
For this reason, young male patients who may require high 
cumulative doses should be offered sperm banking before 
131I treatment. Transient ovarian failure and an earlier age 
of menopause have been reported (Ceccarelli et al., 2001). 
In a study by Schlumberger et al. (1996), data on 2113 
pregnancies of cancer thyroid patients were obtained and 
analyzed. The only anomaly observed was an elevated inci-
dence of miscarriages in women treated with 131I during 
the year preceding conception. The incidence of stillbirth, 
preterm birth, low birth weight, congenital malforma-
tion, death during the first year of life, thyroid disease, and 
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nonthyroidal malignancies did not significantly increase as 
a consequence of therapy. It was concluded that there was 
no reason for patients exposed to 131I to avoid pregnancy 
after treatment. Most female patients are advised not to 
become pregnant for at least 6 months after 131I therapy 
(ICRP-94, 2004). This is not primarily based on potential 
heritable radiation effects, but on the need for cancer or 
hyperthyroidism to be controlled and that there will be no 
need of another treatment of 131I.

Risk of Radiation Exposure to 
Members of the Public, Caregivers  
and Relatives

l External gamma radiation from the patient is the most 
important exposure to other persons.

l Avoiding contamination of children and pregnant 
women is important, because of the high sensitivity of 
the thyroid gland of children and the fetus.

l Close contact with children after treatment should be 
restricted for 1–3 weeks, depending on the age of the child. 
Some European studies recommend that someone other 
than the patient should take care of children less than 2–3 
years of age during the first days after the treatment.

Environmental risks

After the patient treated with 131I has been released from 
hospital, the 131I in the body is excreted primarily in the 
urine, and ends up in the sewage system and further into 
the environment. In general the activities are very low, and 
the dilution and the time it takes from deposition in the 
soil and return to the food chain make the environmen-
tal risk very low. Environmental impact from 131I has not 
been measurable. With appropriate regulations, even with-
out storage of urine, sewer disposal of excreta from patients 
diagnosed or treated with 131I has been within radiation 
dose limits (ICRP-94, 2004) and poses little hazard to the 
public and sewage workers.

Risk associated with exposure of  
other persons

Risk of Exposure of Hospital Staff The most impor-
tant exposure of hospital staff is caused by external radia-
tion. The estimated dose received by nursing staff is 
determined by the mobility of the patient and the degree 
of nursing care required. Barrington et al. (1996) estimated 
the cumulative annual dose to nursing staff in the first 7 
days after treatment of thyroid cancer patients with 131I. 

Table 100.4 Cancer risk after therapy with 131I for thyroid carcinoma

Reference

Thyroid  
cancer  
patients  
(n)

Patients  
treated  
with 131I  
(n)

Average 
cumulative 
activity (GBq)

External or 
other radiation 
therapy (n)

Mean  
follow-up  
(years)

All patients: 
SPM 
 (n)

Sites with increased 
cancer risk after therapy 
with 131I

Hall et al., 
(1991)

1955 834 4.8 (maximum 
49.2)

54 17 221 including  
8 leukemias

Salivary glands: SIR 15.0, 
n  3;
kidney: SIR 3.0, n  7; 
female genitals: SIR 2.0, 
n  18

de Vathaire 
et al., (1997)

1771 846 7.2 (maximum 
55.5)

0 10 80 including  
0 leukemia

Colorectal RR 4.0, n  4, 
ERR 0.5 GBq1

Rubino  
et al., (2003)

6841 4225 6.0 (maximum 
55.5)

1194 13 576 including 
18 leukemias

Salivary glands: RR 7.5, 
n  6; female genitals: RR 
2.2, n  36; CNS: RR 2.2, 
n  13; bone/soft tissue: 
RR 4.0, n  14, ERR 0.6 
GBq1; leukemias: RR 2.5, 
n  12, ERR 0.4 GBq1

Ronckers 
et al., (2005)

29456 6745 (cancer 
registries 
from1988)

1359 (cancer 
registries 
from1988)

8 2214 Salivary glands: O/E 3.9, 
n  2; stomach: O/E 2.4, 
n  8; non-CLL leukemia: 
O/E 3.7, n  11

Notes: n, number of patients; GBq, gigabecquerel; RR, relative risk  the observed number of cancers (O) in the radiation-exposed 
group divided by the expected number of cancers (E) in the nonexposed group, adjusted on external radiotherapy (O/E); SIR, 
standardized incidence ratio, used when the expected cancer number is obtained from a registry; SPM, second primary malignancy; 
ERR  RR – 1, excess relative risk; the table shows some examples of significant increased cancer risks for a number of organs and 
increased risk with high cumulative doses after therapy with 131I.
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For the highest administered activity of 7.4 GBq, the nurse 
received a calculated dose of 25.3 mSv when taking care 
of a totally helpless patient, compared with 0.33 mSv for 
a totally ambulant patient. For a frequently-used activity 
of 3.7 GBq, the corresponding doses received by the nurse 
were 6.3 mSv and 0.16 mSv, respectively. The authors rec-
ommended that when patients are not ambulant or semi-
ambulant, nursing duties could be shared among the staff 
during the year. The nurses could also share the radiation 
burden with family members of the patient. Denman and 
Martin (2001) measured the maximum effective dose of 
0.25 mSv for nurses when treating a terminally ill patient 
who had received 800 MBq of 131I.

In the isolation ward at the hospital, the surfaces (fur-
niture, walls, doors, etc.) and especially the area around 
the toilet could be contaminated by the patient. Nurses 
should be especially careful when dealing with sniffling 
and coughing patients. Hospitals should have written 
instructions on how nurses and other staff should han-
dle the radioactive patient. ICRP recommendations do 
not require urine to be stored at the hospital for decay 
before disposal. Storing the urine of patients following 
131I therapy appears to have a minimal effect and rep-
resents a potential risk of increased exposure of the staff  
(ICRP-94, 2004).

Risk of Exposure of the Public When using a linear 
nonthreshold model, the average population has been 
estimated to have a probability of radiation-induced fatal 
cancer at approximately 5%/Sv for low doses (ICRP-60, 
1991). This means that if 100 000 persons are exposed to 
1 mSv, it is assumed that five persons will have radiation-
induced cancer. For elderly people the probability seems to 
be lower. Young children and the unborn have about 2–3 
times higher probability than the average population.

Members of the public are persons who may unwillingly 
and inadvertently come into contact with a patient treated 
with 131I. The risk of exposure of the public depends 
on the behavior of the patient. It is important that the 
patient follows instructions and keeps to a distance, espe-
cially from children and pregnant women, and stays away 
from social events and work for a few days if it requires  
long-lasting close contact with others.

In two studies by Barrington et al. (1996, 1999), travel 
data were obtained. The authors concluded that the doses 
received by others during travel in a private car were small 
and below 0.3 mSv. The findings indicated that restrictions 
are usually not required for private transport. Mariott et al. 
(2006) found that the received dose to the caregiver dur-
ing the journey home, on average, contributed to 31% of 
the total dose.

Risk of Exposure of Caregivers and Relatives Several 
studies are based on the dose rate measurements of patients 

treated with 131I after leaving hospital (O’Doherty et al., 
1993; Mountford, 1987; Mountford and O’Doherty, 
1994; Culver and Dworkin, 1992; Wassermann and 
Klopper, 1993; Barrington et al., 1996). Results have often 
been extrapolated according to the time spent at different 
distances from the patient. An important supplement to 
dose rate studies are measurements of the doses received by 
family members in real-life situations. A number of studies 
describe the radiation exposure of family members and the 
public from 131I-treated thyroid cancer and hyperthyroid 
patients using film badges and dosimeters. Some of the 
results from these studies are shown in Table 100.5.

Risk After Treatment of Thyroid Cancer Barrington  
et al. (1996) measured dose rates from 86 thyroid cancer 
patients receiving iodine therapy in the UK. The study 
comprised ablation patients (A) and follow-up patients 
(B). The faster clearance in the follow-up patients resulted 
in less stringent restrictions than those advised for ablation 
patients. The authors concluded that their data could be 
used to derive guidelines to restrict the annual dose to less 
that 1 mSv for children and members of the public, and to 
determine dose constraints for caregivers.

In a study from eight centers in Belgium (Monsieurs  
et al., 1998), the measured doses in 94 relatives of thyro-
toxicosis and thyroid cancer patients are presented. The 
relatives wore thermoluminescence dosimeters (TLD) 
on the wrist for at least 7 days. The authors propose the 
implementation of a nonrigid dose constraint for peo-
ple who “knowingly and willingly” help patients treated  
with 131I.

Griegsby et al. (2000) measured the radiation dose 
to 65 household members of thyroid cancer patients. 
The estimated total effective dose equivalent (TEDE) 
to the maximally exposed person was calculated using a 
formula given in the United States Nuclear Regulatory 
Commission (US NRC, 1997) guide. The estimated 
TEDEs ranged from 1.63 to 4.83 mSv (mean 3.12 mSv, 
all estimated TEDEs 5.0 mSv). The measured doses to 
all household members ranged from 0.01 to 1.09 mSv 
(mean 0.37 mSv), and the measured radiation was 
the greatest in bedrooms. The authors concluded that 
patients can be given outpatient 131I therapy for thyroid 
carcinoma. The advantages of outpatient therapy include 
the reduced cost of treatment and less psychological 
strain on patients and their families.

In another study, Mariott et al. (2006) measured radia-
tion doses from 27 patients to caregivers during high-
dose outpatient 131I therapy for thyroid carcinoma. 
The procedure required an eligible patient to comply 
with radiation safety instructions. Selected patients fol-
lowed a strict protocol approved by the Canadian 
Nuclear Safety Commission originally described by 
Caldwell and Ehrlich (1999). The average caregiver 
dose was 98 Sv, and the maximum dose received was 
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283 Sv. The authors concluded that for this group of 
patients, the procedure was safe and did not subject any  
family member or member of the public to the risk of 
exceeding the public dose limit of 1 mSv. However, the 
number of caregivers was small, and because the patients 

were selected, the results cannot be generalized to all thy-
roid cancer patients.

Risk After Treatment of Hyperthyroidism Hilditch et al. 
(1991) measured thyroidal 131I retention in 77 thyrotoxic 

Table 100.5 Restrictions/advice to patients treated with radioiodine in order to reduce exposure of other persons

Reference Patient category
Administered activity 
(MBq) Type of measurement Patient restrictions

Barrington et al., (1996) Thyroid cancer (A: 
ablation; B: follow-up)

A: 1850 (range 1074–
5769); B: 3700 or 7400 
(range 3753–7622)

Dose rates; calculation 
of received doses by an 
individual in contact with 
the patient; calculation 
of restrictions to patient’s 
behavior.

Travel (A: 8 h, B: 4 or 2 h); 
sleep alone (A: for 16 days, 
B: for 4–5 days); remain off 
work (A: for 3 days, B: for  
2 days); contact with 
younger children (A: for 
16 days, B: for 4–5 days); 
contact with older children 
(A: for 10 days, B: for 4 
days).

Griegsby et al., (2000) Thyroid cancer Mean: 4300 (range 
2800–5600)

For 10 days: use of 
luminescence dosimeters 
for monitoring doses to 
patients, family members, 
pets and rooms; 
calculation of the total 
effective dose equivalent 
to the maximally exposed 
person.

For the first 2 days after 
treatment: sleep alone, 
drink fluids liberally, avoid 
prolonged close contact 
with others; thereafter: 
resume normal activities.

Mariott et al., (2006) Thyroid cancer 3700 for most of the 
patients, 5600 for one 
patient and 7400 for one 
patient

For 7 days: electronic 
personal dosimeters for 
monitoring doses to the 
caregivers.

The patient signs that 
he/she will abide a list of 
radiation safety instructions 
to minimize contact with 
others and to sustain good 
hygiene habits.

Barrington et al., (1999) Hyperthyroidism 195–800 For 3–6 weeks: use of 
thermoluminescence 
dosimeters on wrists of 
family members.

Avoid close contact with 
other individuals following 
standard procedures from 
five hospitals in the United 
Kingdom; advice A and 
B differed according to 
administered activities; 
advice B was also 
dependent on the age of 
the child.

Cappelen et al., (2006) Hyperthyroidism 260–600 For 2 weeks: use of 
thermoluminescence 
dosimeters on wrists of 
family members.

Detailed behavior 
restrictions according to 
the European Commission 
(1998); duration: 14 days 
for children aged 0–10 
years, 7 days for children 
aged 11–17 years, 
3–7 days for persons 
aged 18–59 years, 1–3 
days for persons 60 years 
or older; instructions 
were not dependent on 
administered activities.

Notes: MBq, megabecquerel; the table shows that restrictions on the behavior of patients vary widely in different hospitals; several 
studies have emphasized the importance of special precautions concerning small children.
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patients. The retention data were used to calculate the  
necessary period of restrictions to be imposed on patients 
following 131I therapy. They suggested periods of restrictions 
depending on the activity administered. If the administered 
activity is 300 MBq, the patient should avoid close contact 
with children for 17 days and with adults for 2 days.

In a study by Barrington et al. (1999) at five UK hos-
pitals, 122 relatives of patients with thyrotoxicosis treated 
with 131I wore TLDs on their wrists for 3–6 weeks. The 
measurements showed that 6 out of 17 children 3 years 
received a dose in excess of 1 mSv. It was concluded that 
parents of children aged 3 years or younger should not be 
treated as outpatients, unless arrangements could be made 
for the children to stay with other carers for some days. 
Other advice varied according to the activity administered 
and the age of the children. If an activity of 400 MBq was 
administered, the patient should be advised to avoid contact 
closer than 1 m with children aged 3–5 years for 16 days.

In a Norwegian study, Cappelen et al. (2006) meas-
ured radiation doses to 76 family members of thyro-
toxic patients treated with 131I. The relatives wore TLDs 
on both wrists for 14 days. The patients received oral 
and written detailed EC recommendations (Radiation 
Protection 97, 1998) about restrictions of behavior. The 
time periods for restrictions varied according to the age of 
the family members (Table 100.5), and it was advised that 
children aged 0–2 years should be cared by some other 
person for the first days after the treatment. The radiation 
dose to family members was found to be well below the 
EC recommended dose constraints, except to one 2-year-
old child, whose mother did not comply with the instruc-
tions given.

Pant et al. (2006) used TLDs for measuring radiation 
doses to family members of patients with thyrotoxicosis 
and thyroid cancer treated with 131I. The 45 family mem-
bers of thyrotoxicosis patients were divided into two groups. 
Radiation safety instructions were the same in both groups, 
except that patients in the second group were advised to use 
a separate bed at home for the first 3 days after dose admin-
istration. The maximum dose to the group that were given  
no specific instructions and to the second group with specific 
instructions were 2.4 and 1.9 mSv, respectively.

Most studies show that radiation doses to the public, 
caregivers and relatives are below the recommended dose 
limits and dose constraints if proper instructions are given 
and compliance is adequate.

Recommendations of Radiation 
Protection Authorities

l The public dose limit recommended by the ICRP is 
1 mSv/year. Children are treated as members of the public.

l Dose constraints recommended by ICRP is a few mil-
lisievert per episode for caregivers and relatives. The 

EC has recommended more detailed dose constraints 
depending on the age of household members.

l The ICRP has not set any level to require hospitaliza-
tion. The release of patients should be based on their 
family situation rather than on retained activity. 
Hospitalization of patients for some days will reduce 
exposure of the public and relatives, but will increase 
exposure of the hospital staff.

l In accordance with the new regulations from the US 
NRC, patients can be released if the likely exposure to 
the maximum exposed individual is below 5 mSv.

Dose limits and constraints

Public and Nonoccupational Exposure The public 
dose limit recommended by the ICRP is 1 mSv/year and is 
related to effective dose. According to Table 100.6 (ICRP-
60, 1991), a higher effective dose value could be allowed 
in a single year, provided that the average dose over 5 years 
does not exceed 1 mSv/year.

The ICRP-recommended dose constraint is a few mil-
lisievert per episode. The ICRP-94 claims that restrictions 
following the release of patients should focus on the sensi-
tive subgroup (i.e., infants and children).

Dose constraints are not legally binding but act as 
ceiling levels, which should not be exceeded. They are 
recommendations with the aim of limiting doses to the 
patient’s family, close friends and third persons. The dose 
constraints can be higher than the public dose limits for 
the family and close friends. Children (including unborn 
children) are regarded as members of the public with an 
applied dose limit of 1 mSv.

Exposure of Caregivers and Relatives According to the 
revised Basic Safety Standards (BSS) directive, the dose to 
the general public is not valid for “exposure of individu-
als, who are knowingly and willingly helping, other than 
as part of their occupation, in the support and comfort of  
in-patients or out-patients undergoing medical diagno-
sis and treatment” (article 6.4b). To keep the radiation 
exposure “as low as reasonably achievable,” the directive 

Table 100.6 Dose limits recommended by the ICRP 
(1991)

Occupational 
(mSv/year) Public (mSv/year)

Effective dose 20a 1
Equivalent dose in
 Lens of the eye 150 15
 Skin 500 50
 Hands and feet 500

Notes: mSv, millisievert; as can be seen from the table, the 
dose limits for the public are much lower than for people who 
can be exposed to radiation as part of their occupation.
aAveraged over a defined 5-year period.
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requires dose constraints to optimize the protection of 
other individuals (Council of the European union, 1996).

The EC guidance document (Radiation Protection 97, 
1998) has recommended more detailed dose constraints 
than those recommended by the ICRP, as shown in 
Table 100.7. The suggestions are for members of the pub-
lic (sometimes called third persons), as well as for family 
members and close friends. The last group comprises all 
people living in the same house as the patient, or those 
who visit the patient at hospital or at home.

Occupational Exposure According to Table 100.5, 
occupational staff should not exceed an effective dose of 
20 mSv/year averaged over a defined 5-year period. The 
ICRP recommends a dose constraint of a few millisievert 
per episode for caregivers. Other kinds of hospital staff 
considered as members of the public should not exceed the 
dose limit of 1 mSv/year.

Hospitalization

Often the amount of administered radioactivity has been 
used as the criterion to determine whether a patient 
should be hospitalized or not. 131I-treated patients, how-
ever, do not have the same iodine kinetics. The clearance 
of 131I from ablated thyroid cancer patients is much faster 
than from patients treated for hyperthyroidism. The cal-
culations by Coover et al. (2000) enable the nuclear medi-
cine physician to determine the maximum 131I dose to 
be prescribed to each individual patient. There is a wide 

 variation in criteria in various countries used to decide 
whether to hospitalize or release patients. ICRP-94 recom-
mends that the release of patients should be based on their 
family situation rather than on retained activity. The ICRP 
has not set any retained activity level to require hospitali-
zation. The patient may be discharged, provided recom-
mended dose limits and dose constraints are met.

The BSS 96/29 directive, however, recommends a 131I 
guidance level of 1100 MBq. Currently, the European 
Thyroid Association (1996) favors 131I treatment on an out-
patient basis for patients receiving activities up to 800 MBq, 
provided they can cooperate and are able to abide restrictions 
on their behavior. Within the European Union, the mem-
ber states use residual activity constraint ranging from 95 to 
800 MBq. Most European countries treat thyrotoxic patients 
on an outpatient basis, although in Germany, essentially all 
iodine-treated patients have to be hospitalized for at least 48 h.

In 1997, the US Nuclear Regulatory Commission 
changed its regulations for the release of patients after radio-
active treatment from an activity-based limit to a dose-
based limit. The new regulations describe three options for 
patient release: based on administered activity (1.2 GBq); 
based on measured exposure per hour (18.1  107 C/
kg/h at 1 m); or based on a patient-specific calculation of 
the likely exposure to the maximally exposed individual 
(5 mSv). Specific instructions should be given concern-
ing distance from other persons, time spent in public, ways 
of minimizing contamination, etc., and the duration of the 
precautions. In the USA, patients who are able to abide 
such instructions are routinely discharged with activities as 
high as 8 GBq of 131I. As a consequence of the new US 

Table 100.7 Dose constraints for different categories of 
caregiversa

Type of caregiver
Reason for dose 
constraint (risks, habits)

Dose 
constraint  
(mSv)

Third person A fraction of the dose limit  
for the public

0.3

Relatives and close friends
 Pregnant women Protection of the unborn child 1
  Children up to 2 

years
Close physical contact with 
parents

1

  Children aged  
3–10 years

Same risk as unborn child 1

  Adults up to  
60 years

2–3 times lower risk than 
for younger children; certain 
recommendations for partners; 
not to be applied when 
comforting very ill, hospitalized 
patients

3

  Adults over  
60 years

3–10 times lower risk than for 
average population

15

Notes: mSv: millisievert; the table shows that the lowest dose 
constraints are suggested for the youngest children (inclusive of 
the unborn child) and for third persons.
aReproduced with kind permission from ICRP (2004).
Source: European Commission, (1998).

Table 100.8 General issues used in deciding whether to 
release or hospitalize patients following treatment with unsealed 
radionuclidesa

Issue Hospitalization Released

Control of patient  
 environment

High Less

Occupational dose  
 potential

Present Minimal

Dose potential to  
 relatives

Minimal Present

Dose potential to the  
 public

Minimal Present

Method of disposal of  
 waste

Sewage or storage Sewage

Public exposure from  
 waste

Present unless stored Same

Monetary cost Potentially high Minimal
Psychological effect Significant due to isolation Minimal
Patient expiration/ 
 death

Exposure to funeral staff;  
 possible limitation of 
 cremation

Same

Note: Cost-benefit analysis and health consequences should be 
considered when deciding whether to hospitalize the patient or not.
aReproduced with kind permission from ICRP (2004).
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NRC regulations, hospital stays in the USA after treatment  
with 131I have been shorter or eliminated. Also in Canada, 
high-dose 131I therapy is now available on an outpatient 
basis. The protocols used require an eligible patient to be 
able to comply with radiation safety instructions.

In Europe, in 1998 the EC stated that as a general rule, 
treatment of thyroid cancer patients using radioactive 
iodine will only be performed in conjunction with hospi-
talization of the patient. An activity in the patient should 
be measured prior to discharge.

Hospitalization of patients will reduce exposure of family 
members and the public, but will increase occupational doses 
to hospital staff. There is also a potential hazard that the 
patient can have an antibiotic-resistant infection. Isolation in 
a special ward room may also be a psychological burden to 
some patients and their family members. Cost-benefit analy-
sis should be considered, including monetary costs as well as 
psychological and other health consequences (Table 100.8).

Instructions

Patients should receive oral and written information on the 
treatment and instructions on how to behave after therapy 

Table 100.9 Instructions on the behavior of patients after radioiodine therapy

Category Instruction

Immediately Do not eat for 1 h after oral administration of radioiodine. If you vomit within 4 h, try to do it  
 in a waste bin and inform the nuclear medicine department immediately.

Travel Should be restricted to about 2 h. Do not take a long trip (6 h or more) with relatives or  
 caregivers. Try to sit at least 1 m from others.

Persons at home Keep a distance of at least more than 1 m at all times and more than 2 m for extended  
 periods of time. Do not remain within 1 m of any individual for more than 6 h a day.

Infants It is best that someone else takes care of your baby. If this is not possible, do not have  
 the baby close to you for more than a very short time.

Breast-feeding Breast-feeding must stop before radioiodine therapy.
Contact with partner Sleep in a separate bed in a separate room. Avoid kissing and restrict sexual intercourse.
Contact with pregnant women  
and children

Minimize contact and maximize distance. Avoid kissing your infant or child for a period of  
 a few weeks.

Contact with people aged 60 years  
or more

The risk of radiation detriment is small. Precautions are less important.

Hygiene Shower daily, especially for the first 2 days. Use a separate towel, face cloth and  
 toothbrush. Rinse the shower and bath after use.

Toilet Patients (including men) should pass urine while seated. Dry the genitals with toilet paper,  
 flush the toilet and wash hands straight away.

Drinks and food Drink plenty of liquids. Do not share drinks and food with others. It is acceptable to wash  
 the dishes well and reuse them.

Social events Visits to the cinema and other social events where you are in close contact with other  
 individuals should be avoided.

Returning to work Wait for at least 2 days after treatment. If you have close contact with other people at  
 work, wait for 1 week. If you are working with children or pregnant women or preparing  
 food for others, several weeks off work may be necessary. Discuss this matter with your  
 physician.

Emergencies If you have a medical emergency, inform the medical caregivers of the date and the  
 amount of radioiodine therapy you received.

Pregnancy Pregnancy should be avoided for at least 4–6 months. If you are pregnant and did not  
 know it at the time you received radioiodine, inform your physician immediately.

Notes: similar to Table 1, Cappelen et al., (2006); with kind permission of Springer Science and Business Media; to be followed for 
approximately 1 week (from: European Commission, 1998).

in order to protect family members and other persons with 
whom they may come in contact (IAEA, 2002). The guid-
ance should be applied to both patients treated for hyper-
thyroidism and thyroid cancer patients. Special precautions 
should be followed for children and pregnant women. Table 

100.9 shows the instructions suggested in the EC document.

Summary Points

l Minimize contact and maximize distance to other per-
sons, especially to pregnent women and children for a 
period of time.

l Drink plenty fo liquids.
l Focus on good hygiene.
l Avoid pregnancy for at least 4–6 months.
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Abstract

The sodium iodide symporter (NIS) is an intrinsic plasma 
membrane glycoprotein that mediates the active transport 
of iodide in the thyroid gland and a number of extrathy-
roidal tissues, in particular the lactating mammary gland. 
In addition to its key function in thyroid physiology, NIS-
mediated iodide accumulation allows diagnostic thyroid 
scintigraphy, as well as therapeutic radioiodine application 
in benign and malignant thyroid disease. NIS therefore 
represents one of the oldest targets for molecular imaging 
and therapy. Based on the effective administration of radio-
iodine that has been used for over 60 years in the man-
agement of follicular cell-derived thyroid cancer, cloning 
and characterization of the NIS gene has paved the way 
for the development of a novel cytoreductive gene therapy 
strategy based on targeted NIS expression in thyroidal and 
nonthyroidal cancer cells followed by therapeutic applica-
tion of 131I or alternative radionuclides, including 188Re 
and 211At. In addition, the possibility of direct and non-
invasive imaging of functional NIS expression by 123I and 
99mTc scintigraphy or 124I-PET imaging allows the appli-
cation of NIS as a novel reporter gene. In conclusion, the 
dual role of NIS as a diagnostic and therapeutic gene and 
the detection of extrathyroidal endogenous NIS expression 
in breast cancer open promising perspectives in nuclear 
medicine and molecular oncology for diagnostic and ther-
apeutic application of NIS outside the thyroid gland.

Abbreviations
211At 211Astatine
atRA all-trans-Retinoic acid
cDNA complementary Deoxyribonucleic acid
CEA Carcinoembryonic antigen
CMV Cytomegalovirus

Dex Dexamethasone
FRTL Fisher rat thyroid line
HCC Hepatocellular carcinoma
hNIS Human NIS
131I 131Iodine
mRNA messenger RNA
NIS Sodium iodide symporter
PDS Pendred syndrome
PSA Prostate-specific antigen
RA Retinoic acid
188Re 188Rhenium
RNA Ribonucleic acid
T3 Triiodothyronine
99mTc 99mPertechnetate
Tg Thyroglobulin
TPO Thyroid peroxidase

Introduction

Active transport of iodide into the thyroid gland is a cru-
cial and rate-limiting step in the biosynthesis of thyroid 
hormones, which play an important role in the metabo-
lism, growth, and maturation of a variety of organ systems, 
in particular the nervous system (Carrasco, 1993). After it 
had been known for decades that iodide transport into the 
thyroid gland is mediated by a specific sodium-depend-
ent iodide transporter located at the basolateral membrane 
of thyroid follicular cells, in 1996 the rat sodium iodide  
symporter (rNIS) gene was cloned by Dai et al. (1996) 
from a Fisher rat thyroid line (FRTL)-5-derived comple-
mentary deoxyribonucleic acid (cDNA) library, followed 
by the cloning of human NIS (hNIS) by Smanik et al. 
(1996) from a human thyroid cDNA library. As a mem-
ber of the sodium-dependent transporter family, sodium 
iodide symporter (NIS) is an intrinsic membrane protein 
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with 13 putative transmembrane domains, an extracellu-
lar amino terminus and an intracellular carboxyl terminus 
(Spitzweg and Morris, 2002) (Figure 101.1).

NIS cotransports two sodium ions along with one iodide 
ion, with the transmembrane sodium gradient serving as the 
driving force for iodide uptake. The sodium gradient pro-
viding the energy for this transfer is generated by the oua-
bain-sensitive Na/K-ATPase (Figure 101.2). NIS-mediated 

iodide transport is therefore inhibited by the Na/K-
ATPase inhibitor ouabain, as well as by the competitive 
inhibitors thiocyanate and perchlorate (Carrasco, 1993). 
Although its main physiological function is to transport 
iodide across the basolateral membrane of thyroid fol-
licular cells, NIS has also been demonstrated to transport 
other structurally similar anions, such as CIO3

, SCN, 
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Figure 101.1 The human sodium iodide symporter (NIS). A schematic of the protein structure of the human NIS protein.
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et al., 2003). Following active transport across the basolateral 
membrane of thyroid follicular cells, iodide is further trans-
located across the apical membrane by mechanisms that are 
not fully characterized, including nonspecific ion channels 
and pendrin, the Pendred syndrome (PDS) gene product, 
which is a chloride/iodide transporter (Gillam et al., 2004)  
(Figure 101.2). At the cell–colloid interface iodide is oxidized, 
catalyzed by thyroid peroxidase (TPO), and incorporated 
into tyrosyl residues along the thyroglobulin (Tg) backbone –  
a complex reaction termed iodide organification.

In addition to its key function in thyroid physiology, 
NIS-mediated iodide accumulation in the thyroid gland is 
a crucial prerequisite for diagnostic scintigraphic imaging, 
as well as for radioiodine therapy of benign and malignant 
thyroid diseases. Cloning of NIS, which represents one of 
the oldest and most successful targets for molecular imaging 
and therapy, therefore offers the exciting perspective of its 
application as a diagnostic, as well as a therapeutic gene, not 
only in the thyroid gland, but also in nonthyroidal tumors 
(Figure 101.3). The purpose of this review is to summarize 
and discuss NIS and its role in the therapeutic application 
of radioiodine inside and outside the thyroid gland.

The Sodium Iodide Symporter as 
the Molecular Basis for Radioiodine 
Treatment of Thyroid Cancer

The unique property of thyroid follicular cells to trap and 
concentrate iodide due to expression of NIS allows imag-
ing, as well as highly effective therapy of differentiated 
thyroid carcinomas and their metastases by the adminis-
tration of radioiodine, thereby improving the prognosis of 
thyroid cancer patients significantly, and making thyroid 
cancer one of the most manageable cancers (Mazzaferri, 

1996). Follicular cell-derived thyroid carcinomas are usu-
ally treated by total or near-total thyroidectomy followed 
by 131Iodine (131I) ablation of the thyroid remnant and 
occult microscopic carcinomas, which also allows detec-
tion of local and metastatic residual and recurrent dis-
ease by subsequent post-ablative 131I total body scanning. 
Several studies have demonstrated that postoperative radio-
iodine treatment significantly reduces recurrence rates in 
high-risk patients, as compared to patients treated with 
surgery and thyrotropin suppression by thyroxine alone 
(Mazzaferri, 1996). Even young patients with diffuse pul-
monary metastases at initial presentation can be success-
fully treated by 131I, achieving a 10-year survival of over 
80% (Mazzaferri, 1996).

Thyroidal NIS expression therefore provides the molec-
ular basis for the most effective anticancer radiotherapy 
available today, and is remarkably free of serious adverse 
affects, except for transient and usually mild sialadenitis 
due to NIS expression in the salivary glands, and revers-
ible myelosuppression (Mazzaferri, 1996). However, most 
of the follicular cell-derived thyroid cancers demonstrate 
reduced levels of radioiodine accumulation, primarily 
resulting from decreased NIS RNA and protein expression, 
as well as defective NIS membrane targeting (Spitzweg 
and Morris, 2002; Jhiang et al., 1998; Castro et al., 1999; 
Dohan et al., 2001), which requires maximal stimulation 
of NIS expression in thyroid cancer cells, before diagnostic 
and therapeutic radioiodine application through endog-
enous TSH stimulation by the withdrawal of thyroid hor-
mone replacement and induction of hypothyroidism, or 
exogenous TSH stimulation by the application of recom-
binant human TSH.

In order to improve therapeutic efficacy of radioiodine 
in dedifferentiated thyroid cancers that have lost their 
capacity to express sufficiently high NIS levels even in the 
presence of TSH stimulation, several possibilities have been 
explored to enhance functional NIS expression in dediffer-
entiated thyroid cancers, thus restoring their susceptibility 
to radioiodine treatment. In particular, redifferentiating 
strategies using retinoic acid (RA) or thiazolidinediones 
have shown promising results in preliminary experimen-
tal and clinical studies awaiting confirmation in controlled  
prospective clinical trials (Simon et al., 2002; Kebebew  
et al., 2006; Haugen, 2004).

The Sodium Iodide Symporter and Its 
Potential as a Therapeutic Gene

Based on extensive experience with diagnostic and  
therapeutic application of radioiodine in the treatment of 
thyroid cancer due to endogenous NIS expression in thy-
roid follicular cells, the cloning of the NIS gene in 1996 and 
its extensive characterization have provided us with a pow-
erful new diagnostic and therapeutic gene, which allowed 
the development of a promising cytoreductive gene therapy 

NIS and tumor therapy

Thyroidal NIS expression

Molecular basis for
diagnostic and therapeutic
application of radioiodine

in thyroid cancer

Extrathyroidal NIS expression

Endogenous:
Breast cancer

Induction of
NIS expression by
NIS gene transfer 

New perspectives
for tumor therapy

based on tumor-specific
NIS-mediated radionuclide therapy

Figure 101.3 The sodium iodide symporter (NIS) and tumor 
therapy. An overview of the NIS and its role in the therapeutic 
application of radioiodine inside and outside the thyroid gland.
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strategy based on NIS gene transfer in extrathyroidal tumors 
followed by radioiodine application (Spitzweg and Morris, 
2002) (Figures 101.3–101.5).

Using various gene delivery techniques, including elec-
troporation, liposomes, adenoviral, retroviral and other viral 
vectors, radioiodine accumulation was induced in vitro and 
in vivo in a variety of cancer cell lines (glio- and neuroblast-
oma cells; melanoma cells; myeloma cells; and thyroid, ovar-
ian, cervical, breast, colon, lung, liver and prostate cancer 
cells) by NIS gene delivery (Spitzweg and Morris, 2002; 
Dohan et al., 2003). These studies demonstrated that, in 
contrast to other therapeutic genes, NIS, which represents 
a normal nontoxic, nonimmunogenic human gene and pro-
tein, is associated with a number of significant advantages 
(Figure 101.4):

l With the application of radioiodine, NIS gene therapy 
offers the possibility to extend an already established 
and highly effective anti-cancer strategy with an excel-
lent safety profile to the treatment of nonthyroidal can-
cer types.

l Its function as a diagnostic gene allows noninvasive 
radioioidine imaging to confirm and localize functional 
NIS expression before proceeding to the application of a 
therapeutic 131I dose (Dingli et al., 2003b).

l In addition, NIS gene therapy is associated with a sub-
stantial bystander effect based on the crossfire effect of 
the -emitter 131I with a path length of up to 2.4 mm. 
Since in vivo transduction efficiency is limited by low 
levels of vector delivery to tumor cells and by the tox-
icity of available vector systems, a bystander effect is 
desirable for any kind of gene therapy strategy because it 
reduces the level of transduction efficiency required for a 
therapeutic response (Dingli et al., 2003a, b).

Unselective NIS Gene Transfer

Thyroid cancer

Shimura et al. (1997) published the first study on therapeutic 
NIS gene transfer in malignantly transformed rat thyroid cells 
(FRTL-Tc) without iodide transport activity, showing that 
transfection with rat NIS cDNA using electroporation can 
restore radioiodine accumulation in vitro and in vivo. Further, 
stable transfection of a NIS-defective follicular thyroid carci-
noma cell line with the hNIS gene was able to re-establish 
iodide accumulation activity in vitro and in vivo (Smit et al., 
2000). In the same NIS-transfected follicular thyroid carci-
noma cell line, thyroid ablation and a low-iodide diet were 
able to increase the biological half life of accumulated radio-
iodine in vivo leading to postponed xenotransplant develop-
ment in nude mice after the administration of a therapeutic 
activity of 2 mCi 131I (Smit et al., 2002).

Glioma

The expression of functionally active NIS has also been 
reported in human glioma cells in vitro and in vivo using ade-
novirus- and retrovirus-mediated NIS gene delivery, which 
resulted in a prolonged survival in rats after the application 
of a cumulative activity of 12 mCi (444 MBq) (Cho et al., 
2000, 2002). The selective cytotoxic effect of 131I was sig-
nificantly increased in three-dimensional spheroid cultures of 
hNIS-transfected human glioma cells compared with hNIS-
transfected two-dimensional monolayer cultures, indicating a 
substantial radiological bystander effect (Carlin et al., 2000).

Other tumor models

Furthermore, Mandell et al. (1999) demonstrated in vitro 
and in vivo iodide accumulation in several cancer cell lines, 
including melanoma, liver, colon and ovarian carcinoma 
cells, following retrovirus-mediated transfection with the 
rat NIS gene that allowed a therapeutic effect of 131I in 
vitro. Similar results were obtained by Boland et al. (2000) 
who expressed the rat NIS gene in several tumor cell lines 
(cervix, prostate, breast, lung and colon carcinoma cells) 
by adenovirus-mediated gene transfer and demonstrated 
radioiodide uptake, as well as a selective cytotoxic effect 
of trapped radioiodide in vitro. In cervix and breast cancer 
xenografts, radioiodide uptake could also be demonstrated 
following in vivo NIS gene delivery which, however, did 
not result in a therapeutic response after intraperito-
neal application of therapeutic activity of only 90 Ci 
(3.33 MBq) 131I (Boland et al., 2000).

Liver cancer

In the liver cancer model, several promising approaches to 
NIS gene therapy have been investigated in recent years. 

NIS and its advantages as a novel therapeutic gene

• NIS is a normal nontoxic, nonimmunogenic human
  gene and protein

• NIS gene transfer offers the possibility to extend an
  already established and highly effective anticancer
  strategy with an excellent safety profile – radioiodine
  therapy of thyroid cancer – to the treatment of other
  cancer types

• NIS gene transfer allows noninvasive monitoring by
  radioiodine scintigraphy to confirm and localize functional 
  NIS expression before proceeding to therapeutic
  application of radioiodine

• NIS gene therapy is associated with a significant
bystander effect based on the crossfire effect of the β
emitter 131I with a path length of up to 2.4 mm

Figure 101.4 The sodium iodide symporter (NIS) and its 
advantages as a novel therapeutic gene. An overview of the major 
advantages of the NIS as a therapeutic gene.
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Using a bicistronic retroviral vector for hNIS gene trans-
fer, Haberkorn et al. (2001) were able to demonstrate the 
induction of radioiodide accumulation in rat hepatoma cells  
in vitro and in vivo, although in association with rapid iodide 
efflux. The proof-of-principle of NIS gene therapy in liver 
cancer has been demonstrated by Faivre et al. (2004), who 
applied an adenovirus-carrying rat NIS under the control of 
the unspecific cytomegalovirus (CMV) promoter intratu-
morally or through the portal vein, and demonstrated strong 
tumor growth inhibition up to complete tumor regression 
after the application of 131I [16 mCi (592 MBq)] associated 
with prolonged survival in a hepatocarcinoma rat model.

Tumorselective NIS Gene Transfer

The efficient targeting of therapeutic genes to tumor cells 
that allows maximal tumor-specific toxicity with mini-
mal side-effects in healthy organs, and ultimately offers 
the possibility to treat disseminated disease, represents one 
of the major hurdles of gene therapy. Different approaches 
have been developed, including surface targeting by viral 
vector envelope modification, modification of the viral back-
bone to generate vectors that selectively replicate in tumor 
cells, as well as transcriptional targeting by the application 
of tissue- or tumor-specific promoters (Vile et al., 2000).

Prostate cancer

As one of the first groups to investigate the efficacy of NIS 
gene therapy in nonthyroidal tumors, we chose prostate 
cancer as the initial tumor model and used the prostate-
specific antigen (PSA) and probasin promoters to achieve 
prostate-specific iodide accumulation in prostate cancer 
cells (Kakinuma et al., 2003; Spitzweg et al., 1999b, 2000). 
Prostate cell-specific, androgen-regulated iodide uptake 
activity was demonstrated in the human prostatic adeno-
carcinoma cell line LNCaP stably expressing NIS under the 
control of the PSA promoter in vitro and in vivo (Spitzweg 
et al., 1999b, 2000). Further, the amount of accumulated 
131I was shown to be sufficiently high to selectively kill NIS-
transfected LNCaP cells in vitro, as well as in vivo, in stably 
transfected LNCaP cell xenografts (Spitzweg et al., 1999b, 
2000). The administration of a single therapeutic 131I dose 
of 3 mCi (111 MBq) was able to induce an average tumor 
volume reduction of more than 95%, with complete tumor 
regression in up to 60% of the tumors (Spitzweg et al., 
2000). In further studies we were able to demonstrate that 
PSA promoter-mediated NIS expression in prostate can-
cer cells is stimulated by treatment with dexamethasone 
(Dex) or RA, thereby enhancing the therapeutic efficacy of 
131I (Scholz et al., 2004; Spitzweg et al., 2003). As a next 
crucial step toward the therapeutic application of NIS 
gene delivery followed by radioiodine therapy in prostate 
cancer patients in a clinical setting, a replication-deficient 

human adenovirus carrying the hNIS gene linked to the 
CMV promoter (Ad5-CMV-NIS) was used to perform  
in vivo NIS gene transfer in LNCaP cell tumors. Following 
intraperitoneal injection of a single therapeutic dose of 
3 mCi (111 MBq) 131I 4 days after adenovirus-mediated 
intratumoral NIS gene delivery, LNCaP xenografts showed 
a clear therapeutic response with an average volume reduc-
tion of more than 80% (Spitzweg et al., 2001a). In order 
to be able to perform tumor-specific NIS gene transfer also 
in vivo with the ultimate goal of systemic NIS gene deliv-
ery, we have developed and characterized a prostate-specific 
adenoviral vector using the probasin promoter for transcrip-
tional targeting of NIS (Kakinuma et al., 2003). In prepa-
ration of a first phase I clinical study these data were also 
confirmed in a preclinical large animal model in beagle 
dogs, using Ad5-CMV-NIS for local intraprostatic injection 
(Dwyer et al., 2005b). Dosimetry calculations revealed an 
average absorbed dose to the prostate of 23  42 cGy/mCi 
131I, with acceptably low radiation doses to other organs. 
This indicated that a dose of 85 mCi 131I would be suffi-
cient to obtain a target dose of 2000 cGy to the prostate, 
which is substantially less than the proposed maximum dose 
of 200 mCi 131I (Dwyer et al., 2005b). Taken together, our 
pioneering studies in the prostate cancer model showed the 
gene therapy and oncology communities for the first time 
that tissue-specific NIS gene expression into nonthyroidal 
tumors is capable of inducing the accumulation of thera-
peutically effective radioiodine doses in vitro and in vivo, 
and might therefore represent an effective and potentially 
curative therapy for tumors without endogenous iodide 
accumulation. Based on these proof-of-principle studies of 
tumor-specific NIS gene therapy in prostate cancer, the first 
phase I clinical study on local intraprostatic NIS gene deliv-
ery followed by therapeutic application of 131I in patients 
with locally recurrent prostate cancer has been approved at 
the Mayo Clinic in Rochester, Minnesota, and will begin 
patient recruitment within the next 6 months.

Colon and medullary thyroid cancer

In further studies we were able to confirm these data by 
the successful application of other tumor-specific promot-
ers, such as the carcinoembryonic antigen (CEA) pro-
moter and calcitonin promoter, to induce tumor-specific 
iodide accumulation in colon and medullary thyroid can-
cer (MTC) cells, respectively, that was high enough for a 
therapeutic effect of 131I (Scholz et al., 2005; Cengic et al., 
2005). CEA promoter-directed NIS gene transfer in 
human MTC cells was demonstrated to induce tumor-spe-
cific iodide accumulation in tumor xenografts after adeno-
viral in vivo gene delivery that was sufficient to decrease 
tumor growth in vivo, associated with reduction of serum 
calcitonin levels and prolonged survival in a xenograft 
mouse model after application of 3 mCi (111 MBq) 131I 
(Spitzweg et al., 2007).



984 Radiodine in the Non–Iodine Deficient Subject

MUC1 promoter–mediated NIS gene therapy

In addition, we used the promoter of MUC1, a transmem-
brane glycoprotein that is overexpressed in many tumor 
types including breast, pancreatic, lung, prostate and ovar-
ian cancer, to target NIS gene expression, and demonstrated 
a significant therapeutic effect of 131I in ovarian, breast and 
pancreatic cancer xenografts in nude mice with tumor vol-
ume reduction of up to 83% (Dwyer et al., 2005a, 2006a, b).

Liver cancer

To further develop the promising unselective NIS gene ther-
apy approaches in hepatocellular cancer (HCC) mentioned 
above, we have used the tumor-specific -fetoprotein pro-
moter to transcriptionally target NIS expression in human 
and murine liver cancer cells, demonstrating tumor-specific 
iodide accumulation in vitro, as well as in vivo, with signifi-
cant inhibition of tumor growth in HCC xenografts in nude 
mice after application of 1.5 mCi (55.5 MBq) 131I (Willhauck 
et al., 2007b). In a recent study, Chen et al. (2006) performed 
stable transfection of rat Morris hepatoma cells using a retro-
virus carrying hNIS cDNA under the control of liver-specific 
albumin promoter, and demonstrated significant iodide accu-
mulation in xenografts in rats that inhibited tumor growth, 
although no tumor regression was observed. However, the 
application of liver-specific albumin promoter implies the 
problem of substantial toxicity to normal hepatocytes, which 
significantly impairs the feasibility of this approach. In a very 
recent study, an oncolytic measles virus (the Edmonston vac-
cine strain of measles MV-Edm), a nonpathogenic virus tar-
geting tumors cells expressing abundant CD46 was developed 
that encodes hNIS (Mv-NIS) to allow noninvasive monitor-
ing of virus spread by 123I scintigraphic imaging in a mouse 
HCC xenograft model, resulting in prolonged survival of 
mice carrying HCC xenografts after systemic application of  
Mv-NIS. The application of Mv-NIS would also allow a radio-
virotherapy approach when combining the application of  
Mv-NIS with 131I therapy to enhance the oncolytic potency 
of the measles virus (Blechacz et al., 2006).

Neuroendocrine tumors

NIS gene transfer has further been investigated as a novel 
therapeutic tool in pancreatic neuroendocrine tumor cells 
using the chromogranin A promoter to achieve tumor-
specific NIS gene expression by transcriptional targeting, 
which was demonstrated in vitro and in vivo with a signifi-
cant therapeutic effect of 131I, as well as 99mTc in tumor 
xenografts in nude mice (Schipper et al., 2003, 2007).

Multiple myeloma

In collaboration with the research group of S.J. Russell, 
we developed a tumor-specific lentiviral vector using  

immunoglobulin promoter and enhancer elements to 
induce tumor-specific iodide accumulation in multiple 
myeloma cells that resulted in complete eradication of 
multiple myeloma xenografts in vivo after the application 
of 3 mCi (111 MBq) 131I (Dingli et al., 2003a). In addi-
tion, the naturally lymphotrophic oncolytic measles virus 
already mentioned above that was designed to encode 
hNIS was applied in a multiple myeloma mouse model 
and allowed to enhance the oncolytic potency of the 
virus after the application of 131I, resulting in complete 
tumor regression in vivo after systemic virus application 
and administration of 1 mCi (37 MBq) 131I (Dingli et al., 
2004). In addition to oncolytic measles virus, in a very 
recent study an oncolytic vesicular stomatitis virus was 
designed to express NIS to be able to monitor virus repli-
cation by 123I scintigraphic imaging, in addition to stimu-
lation of the oncolytic potency by combination with 131I 
therapy, which was successfully investigated in a multiple 
myeloma mouse model after systemic VSV application 
(Goel et al., 2007).

In summary, these studies in various tumor models 
clearly show that cloning of the NIS gene has not only 
revolutionized our understanding of the physiology and 
pathophysiology of thyroidal iodide accumulation, but has 
also provided us with one of the most promising suicide 
genes available today, opening exciting new perspectives 
for targeted anticancer radionuclide therapy (Figure 101.5).

Application of Alternative 
Radionuclides Following NIS Gene 
Transfer

In order to enhance the therapeutic efficacy of NIS-targeted 
radionuclide therapy in the presence of rapid iodide efflux, 
more potent radionuclides including the high-energy  
-emitter 211Astatine (211At) and the -emitter 188Rhenium 
(188Re), are being used that are also known to be transported 
by NIS, and offer the possibility of higher energy deposi-
tion in a shorter time period, due to their higher energy and 
shorter half life (Dadachova et al., 2005; Carlin et al., 2003; 
Petrich et al., 2006). Increased tumor-absorbed radiation 
dose and the therapeutic efficacy of NIS-mediated radionu-
clide therapy have already been demonstrated for 188Re in 
NIS-expressing mammary adenocarcinomas in a transgenic 
mouse model, as well as for 211At in NIS-transfected thyroid 
carcinoma cells, with complete tumor regression of thyroid 
carcinoma xenografts without tumor recurrence within a 
year and significantly prolonged survival (Dadachova et al., 
2005; Petrich et al., 2006). In a very recent study we have 
demonstrated the stimulation of tumor-absorbed radiation 
dose and the therapeutic efficacy of NIS-mediated radio-
nuclide therapy in our prostate cancer model mentioned 
above, following PSA promoter-mediated NIS gene delivery 
in larger tumors after application of 1.5 mCi (55.5 MBq) 
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188Re as compared to 55.5 MBq 131I (Willhauck et al., 
2007a), while 211At seemed to be more potent in smaller 
tumors (Willhauck et al., 2007d).

The Sodium Iodide Symporter in the 
Mammary Gland and Its Possible 
Clinical Relevance

NIS expression in the lactating breast and  
breast cancer

Iodide accumulation in breast tissue was first reported 
almost 50 years ago (Brown-Grant, 1957), and was later 
discovered to be mediated by the NIS that had been dem-
onstrated to be expressed not only in the thyroid gland, 
but also in a variety of extrathyroidal tissues, including the 
lactating mammary gland (Jhiang et al., 1998; Spitzweg 
et al., 1998, 1999a, 2001b; Tazebay et al., 2000; Spitzweg 
and Morris, 2002). As with organification of iodide in the 
thyroid gland, about 20% of the trapped iodide has been 
shown to be organified in the lactating mammary gland, as 
a result of iodide oxidation by peroxidases expressed in the 
alveolar cells of the breast followed by binding to tyrosyl  

residues of caseins and other milk proteins (Strum et al., 
1983). In contrast to nonthyroidal tissues, such as gastric 
mucosa and salivary glands, where the functional role of 
NIS is not fully understood, the physiological role of NIS in 
the lactating mammary gland is to actively transport iodide 
into the milk, thereby supplying iodide to the infant for bio-
synthesis of thyroid hormones (Carrasco, 1993).

In addition, a role for iodine in the prevention of breast 
dysplasia and hyperplasia has been suggested (Eskin, 
1977; Funahashi et al., 1996). In a recent study, Kilbane 
et al. (2000) demonstrated that the tissue iodide content 
of breast carcinomas was significantly lower than that in 
remote normal tissue from the tumor-bearing breast or 
in fibroadenomata. It has therefore been proposed that a 
disorder of iodide uptake may be involved in the develop-
ment of breast cancer, which might be due to NIS inhib-
iting antibodies that were present in 19.6% of sera from 
breast carcinoma patients (Kilbane et al., 2000).

While, in normal mammary tissue, NIS is present exclu-
sively during gestation and lactation, in contrast to the 
constitutive NIS expression in the thyroid gland (Tazebay 
et al., 2000), NIS expression has also been demonstrated 
in the majority of breast cancers on RNA and/or protein 
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level by different investigators, indicating that NIS is fre-
quently upregulated during malignant transformation in 
breast tissue (Tazebay et al., 2000; Rudnicka et al., 2003; 
Moon et al., 2001). Long before the cloning of NIS and 
detection of NIS expression in the human breast it was 
known that breast atypia and malignancy reveal increased 
radioiodine uptake, and that breast cancers can be detected 
by radioiodine/99mTc scintigraphy (Eskin, 1977; Cancroft 
and Goldsmith, 1973). Tazebay et al. (2000) were the first 
to demonstrate functional NIS expression in experimental 
mammary adenocarcinomas in transgenic mouse mod-
els carrying either an activated Ras oncogene (c-Ha-ras) 
or overexpressing the Neu oncogene (c-erbB-2) by scinti-
graphic imaging and immunoblot analysis. Furthermore, 
NIS protein expression was detected in 20 of 23 (87%) 
human specimens of invasive carcinomas and 5 of 6 (83%) 
ductal in situ carcinomas (Tazebay et al., 2000). In support 
of these data, using immunohistochemistry Rudnicka et al. 
(2003) were able to detect NIS protein expression in 45 of 
50 specimens of invasive ductal breast carcinomas (90%).

The high prevalence of NIS in human breast cancer and 
the demonstration of functionally active NIS expression 
in breast cancer tissue in transgenic breast cancer mouse 
models suggest that endogenous mammary NIS expres-
sion may offer the possibility of NIS-targeted radioiodide 
imaging and therapy in breast cancer, similar to its appli-
cation in thyroid cancer (Figure 101.6). In a transgenic 
mouse model Dadachova et al. (2005) have demonstrated 

significant iodide or 188Re accumulation in mammary 
tumors, with native NIS expression that was high enough 
to decrease the tumor growth after the application of  
therapeutic activity of 131I or 188Re. These data showed for 
the first time that the level of endogenous NIS expression 
in breast cancer can be high enough for a therapeutic effect 
of NIS-mediated 131I or 188Re therapy (Dadachova et al., 
2005). In this context, a clinical trial was performed by 
Nancy Carrasco’s group, in which 27 women with breast 
cancer metastases were scanned with 99mTc-pertechnetate 
or 123I to assess functional NIS activity in their metastases 
after thyroidal NIS expression was down-regulated by the 
application of triiodothyronine (T3), alone or in combi-
nation with methimazole. However, only eight tumors 
revealed NIS expression, which resulted in radionuclide 
accumulation in only two of the eight tumors (Wapnir  
et al., 2004). Similarly, Moon et al. (2001) examined 
99mTc-pertechnetate accumulation and NIS messenger 
RNA (mRNA) expression in 25 breast tumors and found 
significantly increased 99mTc-pertechnetate uptake in only 
4 tumors, while all of the 25 tumors revealed NIS mRNA 
expression. These data strongly suggest that stimulation of 
mammary NIS expression will be necessary to maximize 
the diagnostic and therapeutic efficacy of NIS-mediated 
radioiodide accumulation in breast cancer, similar to TSH 
stimulation of thyroidal NIS, which is required for maxi-
mizing the sensitivity and efficiency of radioiodide appli-
cation in the diagnosis and therapy of thyroid cancer.

Endogenous expression of NIS in breast cancer

Stimulation by retinoic acid/glucocorticoids

Diagnostic imaging

Dosimetry

Therapeutic radionuclide application

Xenograft mouse model

123I, 99mTc, 124I

NIS protein expression
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Stomach

Bladder

Breast cancer
Xenograft tumors

Figure 101.6 The sodium iodide symporter (NIS) and its role in breast cancer. The concept of the NIS and its diagnostic and thera-
peutic role in breast cancer. Pharmacological stimulation of endogenous NIS expression in breast cancer by retinoic acid and dexameth-
asone allows the application of NIS-mediated radionuclides for diagnostic imaging, as well as tumor therapy in breast cancer, as shown 
by human and mouse studies. Wapnir et al., (2004); Willhauck et al., (2007c).
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Regulation of NIS expression in breast cancer

Kogai et al. (2000) were the first to report stimulation 
of functional NIS expression in the human breast cancer 
cell line MCF-7 in vitro after the administration of vari-
ous retinoid receptor ligands, including 9-cis RA and all-
trans RA (atRA). In a more recent study, the same group 
was able to confirm the induction of NIS mRNA and 
protein expression after systemic treatment with atRA in 
vivo, resulting in increased iodide accumulation in MCF-
7 xenotransplant tumors in mice, as well as in a trans-
genic breast cancer mouse model (Kogai et al., 2004). 
While the exact mechanisms responsible for atRA-induced 
NIS expression in breast cancer are not known, Dentice  
et al. (2004) identified the transcription factor Nkx-2.5, a 
potent inducer of the NIS promoter, as a novel important 
transcriptional regulator of mammary NIS that is involved 
in RA-induced NIS expression in the mammary gland.

We examined the effect of Dex on atRA-induced NIS 
expression and iodide accumulation in MCF-7 cells in 
vitro, and demonstrated significant stimulation of NIS 
mRNA and protein expression after incubation with Dex 
in the presence of atRA, resulting in a three- to fourfold 
increase in iodide accumulation, accompanied by a mild 
reduction of iodide efflux. Ultimately these effects allowed 
a significantly stimulated therapeutic effect of 131I in 
a clonogenic assay (Unterholzner et al., 2006). Similar 
data were reported by Kogai et al. (2005) and Dohan  
et al. (2006). In a very recent study we were able to con-
firm these data in vivo in an MCF-7 xenotransplant model 
in nude mice (Willhauck et al., 2007c), suggesting that 
combined treatment with atRA and Dex may represent 
a powerful strategy for breast-selective pharmacological 
modulation of functional NIS expression in breast cancer 
in order to improve the feasibility of using endogenous 
NIS expression in breast cancer as a novel target for selec-
tive radioiodine imaging, as well as therapy (Figure 101.6).

Summary Points

l The NIS is an intrinsic plasma membrane glycoprotein 
that mediates active transport of iodide in the thyroid 
gland and a number of extrathyroidal tissues, in particu-
lar the lactating mammary gland.

l NIS-mediated iodide accumulation allows diagnostic 
thyroid scintigraphy, as well as therapeutic radioiodine 
application, in benign and malignant thyroid disease.

l Thyroidal NIS expression provides the molecular basis 
for radioiodide therapy of thyroid cancer and its metas-
tases – the most effective anticancer radiotherapy avail-
able today.

l The NIS represents one of the oldest targets for molecu-
lar imaging and therapy.

l The cloning of the NIS gene in 1996 and its extensive 
characterization have provided us with a powerful new 

diagnostic and therapeutic gene that allowed the devel-
opment of a promising cytoreductive gene therapy strat-
egy based on NIS gene transfer in extrathyroidal tumors 
followed by therapeutic application of 131I or alternative 
radionuclides, including 188Re and 211At.

l The possibility of direct and noninvasive imaging of 
functional NIS expression by 123I and 99mTc scintigra-
phy or 124I-PET imaging allows the application of NIS 
as a novel reporter gene.

l The high prevalence of NIS in human breast cancer and 
the demonstration of functionally active NIS expression 
in breast cancer tissue in transgenic breast cancer mouse 
models suggest that endogenous mammary NIS expres-
sion may offer the possibility of NIS-targeted radioio-
dide imaging and therapy in breast cancer similar to its 
application in thyroid cancer.

l The dual role of NIS as a diagnostic and therapeutic 
gene and the detection of extrathyroidal endogenous 
NIS expression in breast cancer open promising pros-
pects in nuclear medicine and molecular oncology for 
diagnostic and therapeutic application of NIS outside 
the thyroid gland.
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Abstract

Radioiodine (I-131) is widely used in the treatment of 
metastatic differentiated thyroid cancer. In 20% of the 
cases, however, these tumors fail to take up radioiodine as 
a result of progression and dedifferentiation, and treatment 
options for these patients are limited. Failure of iodine 
uptake might be reversible using redifferentiating agents. 
Retinoids redifferentiate a variety of cell types and increase 
iodine uptake in thyroid cells in vitro. There has, therefore, 
been interest in evaluating whether retinoids can increase 
the uptake of iodine, and therefore the efficacy of radio-
iodine in patients with metastatic thyroid cancer. Despite 
some promising data, retinoic acid has not been shown 
consistently to enhance radioiodide in a clinically use-
ful way in human studies. Alternative approaches, such as 
using more potent synthetic analogs or retinoids in a com-
bination regimen, merit further investigation.

Abbreviations

ATPase Adenosine triphosphatase enzyme
DNA Deoxyribonucleic acid
ILGF Insulin-like growth factor
mRNA Messenger ribonucleic acid
NIS Sodium iodide symporter
RA Retinoic acid
RAR Retinoic acid receptor
Rb Retinoblastoma
RXR Retinoid X receptor
Tg Thyroglobulin
TGF- Transforming growth factor 
TPO Thyroid peroxidase
TSH Thyroid-stimulating hormone

Introduction

Thyroid cancer accounts for approximately 1% of all car-
cinomas. Well-differentiated thyroid carcinomas are the 

most common histological variants and are usually curable 
by combined surgery, radioiodine and thyroid-stimulating  
hormone (TSH) suppressive therapy. The prognosis is 
therefore excellent for the vast majority of patients, with 
10-year survival rates of 93–98% in papillary cancer and 
85–92% in follicular cancer (Gilliland et al., 1997; Dean 
and Hay, 2000) (Figure 102.1). Despite a generally favo-
rable prognosis, recurrence may ultimately develop in 
20–40% of patients. As part of the process of tumor pro-
gression, cellular dedifferentiation occurs in up to 30% of 
the cases, and is usually accompanied by more aggressive 
growth, metastatic spread and loss of iodine uptake.

Therefore, many metastatic thyroid cancers, as well as 
anaplastic/undifferentiated primary thyroid cancer, do not 
concentrate I-131 in quantities that are therapeutically use-
ful. For these patients, treatment options are restricted to 
surgery or external beam radiotherapy for local symptoms 
(Niederle et al., 1986; Kim and Leeper, 1983; Tubiana  
et al., 1985) and chemotherapy for systemic disease (Kim 
and Leeper, 1983; Shimaoka et al., 1985; Ain et al., 1996). 
All of these approaches have limited success (Tyler et al., 
2000). The response rate to single-agent chemotherapy is 
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uncommon but have a significantly worse survival rate.
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less than 20%, and there is no evidence of an improved 
response with combination regimens (Asakawa et al., 
1997; Brignardello et al., 2007).

For this group of patients, there is a requirement for a 
novel therapeutic approach and several are under investi-
gation. One such area of interest is the use of retinoids, 
agents that are thought to act as nuclear hormone receptor 
ligands to restore iodine uptake in thyroid cells, i.e., caus-
ing the “redifferentiation” of the thyroid cells.

Iodine Uptake by Thyroid Cells

The thyroid gland extracts iodine from the circulation and 
contains up to 90% of the total body iodine. The accumu-
lation of iodine from the bloodstream to thyroid follicles is 
mediated by a transmembrane transporter molecule called 
the sodium iodide symporter (NIS) (Dai et al., 1996). It is 
a membrane-bound glycoprotein with 13 transmembrane 
domains and is expressed on the basolateral membrane of 
thyroid follicular cells.

In the normal thyroid, NIS transports two Na and 
one I down the Na ion gradient generated by the activ-
ity of Na/K adenosine triphosphatase enzyme (ATPase) 
(Figure 102.2). If ATPase is blocked with ouabain, thyroid 
iodine uptake is also blocked.

Iodide in the apical cells is released into the follicular 
lumen via an apical iodide transporter (Rodriguez et al., 
2002) and pendrin, the product of Pendreds syndrome 
gene (Royaux et al., 2000; Yoshida et al., 2004). Iodine is 
then transferred onto thyroglobulin (Tg), which is located 

at the apical membrane outside the follicular cells, and 
undergoes iodination of internal tyrosine residues catalyzed 
by thyroid peroxidases (TPOs). The TSH upregulates the 
expression of genes linked to processing iodide and hor-
mone synthesis in the thyroid, including NIS, Tg and TPO 
(Dunn and Dunn, 2001).

The treatment of differentiated thyroid cancer with 
radioiodine relies on the ability of the malignant cells to 
accumulate iodine in the same way as normal thyroid epi-
thelial cells.

Radioiodide is delivered as an oral preparation and 
absorbed from the stomach and small intestine. It is then 
concentrated in tissues through the function of NIS and 
combined with Tg, extending the biological half life of the 
radioiodine. High-energy isotopes with a long half life, 
such as I-131, are used therapeutically to destroy thyroid 
tissue in both hyperthyroidism and metastatic thyroid can-
cer after thyroidectomy.

Radioiodine treatment may destroy occult microcar-
cinoma and reduces the rate of progression of metastatic 
tumor (Hershman et al., 1995; Schlumberger, 1998). It is 
apparent that the efficacy of radioiodine treatment depends 
on maximizing the uptake of radioiodine and prolonging 
the period of time it persists in the thyroid tissue.

Iodide uptake after stimulation with TSH is sufficient 
in most differentiated thyroid cancers to utilize -emit-
ting radioactive iodine for the treatment of residual and 
metastatic disease. Elevated serum TSH (which can be 
achieved by thyroid hormone withdrawal after thyroid-
ectomy or administration of recombinant human TSH) 

Thyroid
follicle Thyroid

follicular cell

Ouabain

Basal membrane Lumen

O
rg

an
ifi

ca
tio

n

Thyroid gland

TSHR

TPO

Tg

Tg � I�

Tg � T4/T3

AIT

Pendrin

TSH

Na�

Na�

� K�

I�
NIS

ATPase

I�

I�

Cl�

Figure 102.2 The molecules involved in iodide (I) transport across the thyroid follicle cell. TSH, thyroid-stimulating hormone; TSHR, 
TSH receptor; NIS, sodium iodide symporter; TPO, thyroid peroxidase enzyme; AIT, apical iodide transporter; Tg, thyroglobulin.



Using Retinoids to Increase Radioiodine Uptake in Thyroid Cancer 993

directly stimulates NIS gene expression and NIS trans-
port and insertion into the plasma membrane, increasing 
radioiodine uptake. More than 70% differentiated thyroid 
cancers concentrate radioiodine after TSH stimulation. 
The remaining 10–20% of differentiated thyroid can-
cers do not express NIS despite TSH stimulation, which 
is associated with a poor prognosis (Robbins et al., 1991; 
Schmutzler and Koehrle, 2000).

NIS expression in thyroid tumors correlates with their 
ability to concentrate radioiodine. Schmutzler et al. (1997) 
reported that downregulated expression of the NIS gene 
resulted in resistance to I-131 therapy because it reduced 
iodide uptake in thyroid cancer cells. The regulation of 
NIS expression in normal and malignant thyroid cells has 
been extensively investigated, and various agents have been 
recognized to influence expression.

Rat and human NIS was cloned and characterized in 
1996. One of the approaches to increase the expression 
of NIS is gene transfer. Many studies have investigated 
the effect of NIS transfer on radioiodine therapy (Lee  
et al., 2004; Spitzweg et al., 2003), and NIS transfection 
via a viral vector has been shown to induce iodide uptake in 
several human nonthyroid tumor cell lines and xenografts, 
including gliomas, prostate cancer, ovarian cancer and 
colon cancer (Mandell et al., 1999; Cho et al., 2000).

An alternative approach investigated in recent studies is 
to induce NIS expression in aggressive thyroid cancer by 
the administration of redifferentiation agents, including 
nuclear receptor ligands and inhibitors of epigenetic modi-
fications. A wide range of differentiation agents have been 
utilized to stimulate NIS expression in both in vitro and 
in vivo models, and a few have been used in clinical stud-
ies. The retinoids are one such group of redifferentiation 
agents that have been extensively investigated.

Retinoids

Retinoids include all natural and synthetic derivatives of  
vitamin A (retinol) (Figure 102.3). The naturally-occurring  
retinoids (all-trans-retinoic acid (RA), 9-cis-RA, and  
13-cis-RA) are interconverted in vivo, and therefore have 
overlapping effects and toxicity. Synthetic retinoids, such 

as bexarotene, are now available that may have more spe-
cific activity. Retinoids exert their cellular effects by bind-
ing to receptors of the steroid/thyroid hormone receptor 
superfamily. Two groups of receptors have been identified: 
the retinoic acid receptors (RAR subtypes ,  and ); and 
the retinoid X receptors (RXR subtypes ,  and ). RAR 
and thyroid hormone receptor genes are closely related, 
being located close together on chromosome 17 (TR- 
and RAR-) and on chromosome 3 (TR- and RAR-). 
These receptors are ligand-activated deoxyribonucleic acid 
(DNA)-binding transcription-modulating proteins (Wan, 
1993). The receptors form homo- or heterodimers that 
bind to a specific DNA sequence located on the target 
genes. Levels of AP-1, transforming growth factor (TGF-),  
insulin-like growth factor (ILGF) and transglutaminase 
type II are regulated in this way (Lee et al., 1998).

In vitro

Retinoids play a key role in cellular development, differ-
entiation and growth. They have been shown to affect cell 
cycle progression and apoptosis in a variety of cell lines, 
although the exact mechanisms are not clearly defined. 
The effects of retinoids on a number of molecules involved 
in intracellular signaling have been investigated in an 
ongoing attempt to delineate possible pathways.

In human bronchial epithelial cell lines, all-trans-RA 
produces growth inhibition that is associated with an 
arrest in the G0 phase of the cell cycle (Lee et al., 1998). 
In breast cell lines, there are data to indicate that retinoid 
induced G1 cell cycle blockade leads to growth arrest and 
results from the downregulation of cyclin D1 and cyclin 
D3, which in turn causes retinoblastoma (Rb) hypophos-
phorylation (Wu et al., 2006). In addition, Ekberg et al. 
(2006) demonstrated a direct interaction between cyclin 
A1 and all-trans-RAR-) in leukemic cells, and suggested 
that all-trans-RA-induced apoptosis was associated with a 
concomitant increase in cyclin A1 expression.

In human breast and prostate cancer cell lines, retinoids 
have been shown to induce apoptosis via induction of p21/
WAF/cip1 (Thompson et al., 1996; Li et al., 1996) and 
affect G1 cell cycle arrest through mitogen-activated protein 
kinase phosphorylation (Nakagawa et al., 2003). Zhang and 
Rosdahl (2005) demonstrated that expression of Id1 protein 
decreased and that of p16 protein increased in melanoma 
cell lines exposed to all-trans-RA, and suggested that these 
alterations may be involved in the observed apoptosis and 
cell cycle redistribution.

In HL60 (promyelocytic leukemia cell line), RAR 
and RXR binding also stimulates apoptosis (Bollag and 
Holdener, 1992); the same occurs in medulloblastoma 
cell lines, at least partially, through caspase-3 activation 
(Gumireddy et al., 2003). Similarly, CD437, a synthetic 
retinoid, induces the initial stages of apoptosis in human 
respiratory cells via a mitochondrial pathway independent  

9-cis-retinoic acid

13-cis-retinoic acid

COOH

COOH

COOH

all-trans-retinoic acid

Figure 102.3 The naturally occurring retinoids are intercon-
verted in vivo.
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of caspase and then later via a caspase-8-dependent path-
way (Boisvieux-Ulrich et al., 2005). In addition, sup-
pression of telomerase activity has been documented in 
promyelocytic leukemia cell lines treated with retinoid 
receptor agonists, suggesting that telomere shortening may 
also be a mechanism by which retinoids produce cell death 
in these tumors (Pendino et al., 2003). There are also data 
to suggest an effect of retinoids on matrix metallopro-
teinases, which may lead to reduced cell migration (Paez 
Pereda et al., 2000).

It is apparent that the effects of all-trans-RA on overall 
gene expression are complex. Jeong et al. (2006) performed 
a cDNA microarray study in a human thyroid carcinoma 
line that expresses NIS, which revealed that 18 genes were 
upregulated by the treatment, while 33 genes were down-
regulated. The genes were those coding for key molecules 
involved in gene expression regulation, cell cycle progres-
sion, cell growth and cell differentiation. In particular, 
BCL3, CSRP3, v-fos and JunD expression increased, while 
the expression of FGF12, PLAB and IGFBP6 decreased.

In addition to growth inhibition and apoptosis, retin-
oids are well-established as redifferentiating agents in vitro. 
Redifferentiation and growth inhibition have been docu-
mented in osteosarcoma cell lines in vitro (Barroga et al., 
1999). In human myeloid leukemia cell lines, all-trans-RA  
can induce differentiation to granulocytic- or monocytic-
like cells. The same effect can be demonstrated in leuke-
mic cells from patients with promyelocytic leukemia 
(Chomienne et al., 1990).

Normal human thyroid cells express RAR- and RXR- 
(Schmutzler et al., 1996); expression of RAR- is reduced 
in thyroid carcinomas. All-trans-RA partly differentiates 
follicular carcinoma cell lines in vitro, as demonstrated by 
the stimulation of type I 5-deiodinase and alkaline phos-
phatase, and increased ICAM1 levels (Bassi et al., 1995; 
Schreck et al., 1994). 13-cis-RA also reduces clonogenic 
survival in follicular cell lines in vitro (Van Herle et al., 
1990) and increases cellular I-131 uptake. The mechanism 
underlying increased iodine uptake in these lines is the 
upregulation of the NIS molecule, which was first demon-
strated by Schmutzler et al. in 1997. It is likely to be medi-
ated via the promoter of the NIS gene, which has an RA 
response element (Schmutzler et al., 2002). Elisei et al. 
(2005) also demonstrated growth inhibition after treat-
ment with all-trans-RA in human thyroid cancer cell lines, 
due to both apoptosis and a decrease in DNA synthesis. 
In this study, however, they did not observe any recovery 
of the messenger ribonucleic acid (mRNA) expression of 
thyroid-specific genes. The main difference between the 
all-trans-RA responding and nonresponding cell lines was 
the basal and all-trans-RA-induced RAR- mRNA expres-
sion, suggesting that growth inhibition might be medi-
ated by RAR-. Some thyroid cancer cell lines exhibit a 
differential response to RA; cells expressing both RAR- 
and RXR- demonstrate significant growth suppression 

with RA, whereas cell lines lacking these receptor types 
do not respond (Haugen et al., 2004). Differential expres-
sion of RAR subtypes may be important in predicting the 
response to treatment with RA, and further investigation 
into the relationship between receptor type and response 
is required.

Retinoids: Clinical Studies

On the basis of the apparent redifferentiation in thyroid 
cancer cell lines by RA, there is significant interest in 
assessing the efficacy of RA in restoring radioiodine uptake 
in patients with recurrent or metastatic thyroid cancer.

Retinoids have already been widely used in chemopre-
vention studies in people with cancer, and with benign 
skin disorders, such as psoriasis. The common side-effects 
are well-documented and include dryness of mucous mem-
branes and skin, teratogenicity and chemical hepatitis. 
Increased levels of triglycerides may also occur. Rare effects 
include pancreatitis and benign intracranial hypertension. 
Treatment with short courses of retinoids is generally well-
tolerated. It is probable that longer courses or higher doses 
would cause more significant toxicity. It is as yet unknown 
whether continued iodine uptake in responding patients 
would depend on continued drug administration.

There is evidence that the effects of retinoids observed  
in vitro can be translated into clinical responses in promye-
locytic leukemia and neuroblastoma, although the responses 
in many solid tumors have been disappointing (Frankel  
et al., 1994; Matthay et al., 1999; Freemantle et al., 2003). 
In thyroid carcinoma, a limited number of human studies 
have been performed to investigate the effects of retinoids 
on I-131 uptake (summarized in Table 102.1).

Several small clinical studies have suggested that retin-
oids may produce a clinical response. Ledger et al. (1994) 
treated seven patients with iodine-resistant disease using 
13-cis-RA 1 mg/kg/day for 6 weeks, and demonstrated 
increased I-131 uptake in four patients. Simon et al. 
(1996) treated 10 patients with 13-cis-RA 1.5 mg/kg/day 
for 6 weeks, four of which demonstrated renewed uptake 
allowing for further radioiodine therapy. Later, the same 
group treated 20 patients with 13-cis-RA with 1.5 mg/kg/
day for 5 weeks (Simon et al., 1998, 2002) and demon-
strated I-131 uptake in 50%; this was associated with a 
reduced tumor size in 38%. Increased iodine uptake after 
treatment with RA was also demonstrated in 5 out of 12 
patients by Grunwald et al. (1998). Interestingly, in this 
series, increased iodine uptake was associated with increases 
in serum Tg levels, which the authors suggest may have been 
due to redifferentiation of tumor cells. More recently, results 
of a larger multicenter study have been reported (Schmutzler 
et al., 2000; Simon et al., 2002), investigating a cohort of 50 
assessable patients treated with RA at a dose of 1.5 mg/kg/
day for 5 weeks, which suggested that iodine uptake and 



Table 102.1 Summary of data from clinical studies investigating the effect of retinoids on radioiodine uptake

Reference No. of patients
Retinoid 
evaluated

Duration 
(weeks)

I-131 
uptake Thyroglobulin

Tumor 
volume Outcome

Ledger et al., 
(1994)

7 13-cis-RA, 
1 mg/kg

6 X I-131: 4 patients (pts) showed increased uptake

Simon et al.,  
(1996)

10 13-cis-RA, 
1.5 mg/kg

6 X I-131: 4 patients showed increased uptake, allowing further therapy

Simon et al.,  
(1998)

20 13-cis-RA, 
1–1.5 mg/kg

5 X X X I-131: 8 patients showed increased uptake. Tg changes were indeterminate. 
Tumor size decreased in 1 patient, increased in 9 and was stable in 5

Grunwald et al., 
(1998)

12 Isoretinoin, 
1–1.5 mg/kg

8 X X X I-131: 3 patients showed slightly increased uptake, while 2 patients 
therapeutically useful increase

Simon et al.,  
(2002) German 
multicenter study

50 13-cis-RA, 
1.5 mg/kg

5 X X X I-131: 21 patients showed increased uptake, of whom 13 demonstrated 
marked increase. Tg increased in 30 patients, reduced in 12, and was stable in 
8. Tumor size reduced in 6 patients, increased in 9 and was stable in 22

Gruning et al., 
(2003)

25 Isotretinoin, 
1 mg/kg

12 X X X I-131: 5 patients showed some improvement in I-131 uptake; 3 were 
dosimetrically relevant

Coelho et al.,  
(2004)

5 Isoretinoin, 
1–1.5 mg/kg

5 X X X 1 patient responded (2/3 criteria); 2 patients showed partial response (1 
criterion)

Short et al., 
(2004)

16 Isoretinoin, 
1.5 mg/kg

8 X X X I-131: 1 patient showed increased uptake. Tg increased in 8 patients, reduced 
in 3 and was stable in 1 patient. Tumor volume increased in 4 patients and was 
stable in 5

Adamczewski  
et al., (2006)

11 13-cis-RA X X I-131: 5 patients showed increased uptake; Tg reduced in 9 patients. 
Increased I-131 uptake did not result in remission or control of disease

Liu et al., 
(2006)

12 Bexarotene 
300 mg

6 X X X I-131: 8 patients showed partially increased uptake, 7 of which were at low 
level, Tg levels were unchanged

Zhang et al., 
(2007)

11 All-trans-RA, 
1 mg/kg

4–6 X X X I-131: 4 patients showed increased uptake; Tg decreased in 4 patients and 
increased in 4 patients. Tumor volume showed partial response in 5 patients;  
2 patients had stable disease

Notes: RA, retinoic acid; X in relevant columns indicates assessments of (i) I-131 uptake, (ii) thyroglobulin (Tg) levels, and (iii) tumor volume evaluated radiologically by CT, USS, or PET.
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tumor shrinkage occur in a significant number of patients 
treated with RA. The response rates are reported in terms 
of Tg increase (60%), reduced tumor volume (12%)  
and increased iodine uptake (26%), which were then com-
bined to give an overall assessment of the outcome. This 
approach suggested a benefit in 20% patients, with a 
further 18% defined as having stable disease. Although 
these data are encouraging, it is arguable whether Tg is an 
appropriate measure of response, as increased levels could 
represent increased tumor size in tumors producing Tg 
or, alternatively, increased differentiation in tumors that 
did not previously produce Tg. In some published reports 
with a small number (5–25) of cases, a marked increase in 
iodine uptake has been shown in follicular but not papil-
lary cancer (Grunwald et al., 1998; Gruning et al., 2003; 
Coelho et al., 2004).

The combined results of the above studies suggest an 
increased uptake of radioiodine in 26–40% of the patients. 
If increased radioiodine uptake alone is recorded, a high 
response rate is suggested, but the increases are not neces-
sarily dosimetrically relevant leading to tumor shrinkage. 
Figure 102.4 represents data from the clinical studies listed 
in Table 102.1 and demonstrates relatively high response 
rates in terms of increased radioiodine uptake alone, but 
much lower rates when significant (i.e., marked or dosi-
metrically relevant) uptake is recorded.

There are, however, few studies that did not demon-
strate the promising results discussed above. Short et al. 
(2004) treated 16 patients with 1.5 mg/kg/day RA for 8 
weeks. Only one patient had an increased uptake docu-
mented compared with the pretreatment assessments 
(Figure 102.5), and the study data suggested a less than 
20% response rate in terms of enhanced iodine uptake. 
All of the above studies used 13-cis-RA, a ligand for RAR. 
However, it is known that 13-cis-RA has a lower affin-
ity for RAR than retinoids such as RA and all-trans-RA. 
Recent studies have suggested a differential expression 
of both RAR and RXR in thyroid carcinoma cell lines 
and tissues (Elisei et al., 2005; Haugen et al., 2004), and 
that the pattern of expression may correspond with the 
response to ligand binding. Haugen et al. (2004) demon-
strated the importance of RXR expression with respect to 
responsiveness to retinoid treatment. As a result, Liu et al. 
(2006) looked at the effects of the RXR activator, bexaro-
tene, on I-131 uptake in patients with metastatic differen-
tiated thyroid cancer. Twelve patients were treated with a 
dose of 300 mg/day, and it was reported that this partially 
restored I-131 uptake. No patient showed a complete 
response; there were partial responses in eight patients. 
In seven of these patients, the increased uptake was only 
visible at SPECT, indicating that accumulation of iodine 
was low. Post-treatment, increased or visible I-131 uptake 
was seen in fewer lesions than those visible on the base-
line computed tomography scan. The authors suggested 
that the clinical relevance may be limited by differential 
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Figure 102.4 Percentage of patients demonstrating increased 
I-131 uptake after retinoid therapy.

Figure 102.5 Post-treatment I-131 scan of a patient in whom 
iodine uptake increased after retinoic acid (RA) therapy. After radio-
iodine, a hot spot is demonstrated at the lower lateral chest wall 
(arrowed), which correlated with a metastasis of the sixth rib dem-
onstrated on bone scan and computed tomography scan.

responses of different metastases within each patient and 
the low intensity of I-131 uptake.

It is likely that several factors may be implicated in the 
partial success of this treatment.
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I-131 accumulation is determined not only by the trap-
ping of iodide by the NIS, but also by its effective half life. 
This may be reduced in differentiated thyroid cancer by 
several factors, including reduced organification of iodide 
due to decreased TPO expression, as well as the loss of 
thyroid follicular architecture (Lazar et al., 1999; Maxon 
et al., 1992). As a result, the upregulation of NIS expres-
sion alone may not result in adequate radiation exposure. 
A low-iodine diet used to increase the specific activity of 
I-131 has similarly failed to increase radiation exposure 
(Pluijmen et al., 2003). In addition, the regulation of NIS 
may be defective at multiple transcriptional and post- 
transcriptional levels (Dohan et al., 2001), which can only 
partially be restored by retinoids. There is also considerable 
heterogeneity in thyroid cancer metastases, even within a 
single patient, with respect to iodide metabolism.

In summary, differentiation agents such as RA have only 
shown a modest effect in inducing NIS expression in thyroid 
cancer cell lines. Despite studies suggesting 26–40% response 
rates, RA has not been shown to enhance radioiodide 
uptake in a clinically useful way. Alternative approaches to 
using retinoids for this patient group may include retin-
oids in combination regimens or alternative RA derivatives 
that may have a more potent antitumor effect (Um et al., 
2003). In vitro data suggest that the addition of phenyl 
acetate may enhance the antiproliferative effects of RA on 
follicular thyroid cancers (Eigelberger et al., 2001). There 
is evidence to suggest that retinoids, in combination with 
the histone deacetylase inhibitor sodium butyrate, may 
have a synergistic effect in vitro, although no effect was 
observed in in vivo animal models (Massart et al., 2006). 
Inhibition of topoisomerase II- enzyme may enhance all-
trans-RA differentiation/growth arrest and apoptosis in 
myeloid leukemia cell lines, and suggests a novel approach 
for improving RA-based differentiation therapy (Chikamori 
et al., 2006). These, as well as other combinations that may 
enhance the effects of retinoids, merit further investigation.

Summary

l Radioiodine is widely-used in the treatment of meta-
static differentiated thyroid cancer.

l As a result of progression and dedifferentiation, some 
tumors fail to take up radioiodine, which then limits 
the treatment options.

l There is evidence from in vitro cellular studies that 
retinoids can influence malignant cell growth in a 
number of ways, producing growth arrest, apoptosis 
and redifferentiation.

l In thyroid cancer, their potential to redifferentiate cells 
and produce increased I-131 uptake suggests a possible 
role in the treatment of iodine-resistant disease.

l Despite some studies suggesting 26–40% response 
rates, RA has not been consistently shown to enhance 
radioiodine uptake in a clinically useful way.

l The exact role of these agents in thyroid cancer  
and their mechanism of action still needs to be inves-
tigated.
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Abstract

The effects of lithium on the thyroid gland have been 
known to clinicians for over a century and this compound 
has been successfully used in the treatment of hyperthyroid 
states. The narrow therapeutic range of lithium has, on the 
other hand, limited the use of this drug for the long-term 
treatment of thyroid disorders. The main effects of lithium 
salts on thyroid gland are the result of an increased uptake 
of iodine within the gland, ultimately reducing hormone 
synthesis and release. The use of short-term lithium ther-
apy as an adjunct to radioablation of thyroid cancer by 131I 
radioactive iodine (RAI) therapy has been advocated by 
several authors. The success of this treatment is dependent 
on the degree of uptake and the adequate retention of 131I 
in thyroid tissue. The two most important factors influ-
encing the uptake of radionuclide in the thyroid remnant 
or cancer are represented by TSH-induced sodium iodide  
symporter expression and dietary and/or pharmacological 
depletion of iodide. Conversely, methods to enhance 131I 
retention in thyroid tissue are limited, and among them 
lithium carbonate appears to be able to reliably increase 
131I retention in thyroid tissue without excess toxicity. The 
use of lithium could thus represent a viable modality to 
increase the effectiveness of RAI, and to potentially reduce 
the overall dose of 131I, without affecting the success of the 
treatment.

Abbreviations

cAMP Cyclic adenosine monophosphate
NIS Sodium iodide symporter
RAI Radioactive iodine
rhTSH Recombinant human TSH
Tg Thyroglobulin
TSH Thyroid-stimulating hormone

Introduction/Background

On average, approximately 25000 new cases of thyroid 
cancer are diagnosed in the United States every year. 
Contrary to the decreasing trend of other malignancies, 
in the last decade the incidence of thyroid cancer in the 
United States has increased 2.4-fold (Davies and Welch, 
2006). Almost all the incremental change is attributable 
to the early detection of small well-differentiated tumors 
(Davies and Welch, 2006). Adequate therapy and long-
term monitoring of thyroid cancer is extremely important, 
since this malignancy can recur more than 10 years after 
initial diagnosis (Sherman, 2003).

Surgical resection of the thyroid (total or near total thy-
roidectomy) followed by remnant ablation with radioac-
tive iodine (RAI) therapy to destroy the remaining normal 
or cancerous thyroid tissue is considered the standard of 
care for all but small (less than 1–1.5 cm) thyroid can-
cers, and is associated with decreased frequency of local 
recurrences and an improvement in overall survival rate 
(Mazzafferi and Jhiang, 1994; Mazzafferi and Kloos, 
2001). Furthermore, the elimination of uptake by resid-
ual normal thyroid tissue enhances the sensitivity of sub-
sequent 131I scanning and serum thyroglobulin (Tg) for 
detection of recurrent or persistent disease.

Approaches of Radioactive Iodine 
Treatment

The optimal 131I dose required to achieve successful abla-
tion remains controversial and two modalities, the “low 
dose” (30–50 mCi) (Hackshaw et al., 2007; Barbaro et al., 
2003) and the “high dose” (up to 200 mCi) (Wartofsky, 
2000) are currently used in clinical practice. Single admin-
istration of high dose 131I achieves effective ablation in 
90–100% of cases (Beierwaltes et al., 1984; Pacini et al., 
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2006). Low dose 131I (30 mCi) successfully ablates thyroid 
remnant in 10–77% of cases (Table 103.1).

The main source of debate stems from the trade off 
of increased effectiveness associated with the high dose 
approach and the lower risk of side-effects and second-
ary malignancy associated with the low dose modality. 
Ultimately, the question should be posed not in terms 
of how large an activity of 131I one may/can administer, 
but rather how small an effective activity of 131I one can 
administer for remnant ablation to achieve a reasonably 
good ablation with minimization of radiation exposure.

Methods of Optimization of Uptake and 
Retention of 131I in Thyroid Tissue

In 1999, Maxon showed that the two most important fac-
tors in determining the ablation success were the size of 
residual tissue and the effective half life of 131I in the tissue 
(Maxon, 1999). Thus, the treatment of thyroid remnant 
or persistent/recurrent cancer with radioiodine is depend-
ent on successful uptake and adequate retention of 131I in 
thyroid tissue (Table 103.2).

Optimization of Uptake

The two most important factors influencing the uptake of 
radionuclide in thyroid remnant or cancer are represented 
by thyroid-stimulating hormone (TSH)-induced sodium 
iodide symporter (NIS) expression (Pacini et al., 2005; 
Fagin, 1998; Robbins et al., 2001), and dietary and/or 
pharmacological depletion of iodide.

The maximal stimulation of 131I uptake by thyroid tis-
sue can be achieved by increasing serum TSH concentra-
tion above 25–30 U/ml. This can be achieved by thyroid 
hormone withdrawal, or by administration of recombinant 
human TSH (rhTSH), the latter enables sufficient iodine 
uptake while avoiding hypothyroidism and reducing total 
body radiation exposure (Pacini et al., 2006).

Depletion of the inorganic iodide pool prior to the 
administration of RAI can be achieved by a low-iodine diet, 
and represents an effective modality to enhance the uptake 
of RAI, via the increased expression of the NIS (Stanbury 
et al., 1952; Barakat and Ingbar, 1965; Cavalieri, 1997; De 
La Vieja et al., 2000). Although a low-iodine diet is con-
sistently able to deplete the iodine pool and reduce urinary 
iodine excretion, it is still not clear whether this modal-
ity increases the uptake of RAI by tumor sufficiently to 
 significantly increase the radiation dose to the cancer tissue.

Optimization of Retention: Role of 
Lithium

The methods to enhance 131I retention in thyroid tissue 
are limited. Although a high iodide concentration in the 
thyroid can inhibit the release of 131I incorporated into 
thyroid hormone and iodinated Tg, it also causes a signifi-
cant reduction in iodine uptake. However, lithium carbon-
ate can increase 131I retention in thyroid tissue without 
affecting 131I uptake.

In the mid-nineteenth century, the alkaline properties  
of lithium salts were widely used to treat various uric acid 
diatheses which included the many manifestation of “brain 
gout” including headache, epilepsy, mania and depression 
(Amdisen and Hildebrandt, 1988). During the 1950s, the 

Table 103.1 Effectiveness of low dose (30 mCi) 131I thyroid remnant ablation

Study conditions
Number of  
studies    

% of successful 
ablation (mean) References

Randomized controlled trials 5
 Hypothyroid 4 77 Bal et al., (1996, 2004), Pacini et al., (2002), Barbaro  

et al., (2006)
 Hypothyroid  rhTSH 2 68 Johansen et al., (1991), Pacini et al., (2002)
 rhTSH 2 65 Pacini et al., (2002), Barbaro et al., (2006)
Prospective cohort trials
 Hypothyroid 5 51 McCowen et al., (1976), Maxon et al., (1992), Ramanna 

et al., (1985), Comtois et al., (1993), van Wyngaarden 
and McDougall (1996), Siddiqui et al., (1981)

 Hypothyroid  rhTSH 1 10 Siddiqui et al., (1981)

Note: Major clinical studies using low-dose 131I RAI modality in the treatment of thyroid cancer; rhTSH: recombinant human 
TSH; RAI: radioactive iodine.

Table 103.2 Factors affecting the success of RAI therapy

131I uptake 131I retention

TSH . 30 U/ml SSKI®

Low-iodine diet Lithium
Iodine depletion (forced diuresis)

Note: The overall biological effects of RAI therapy on thyroid 
remnants and thyroid cancer are a function of total uptake and 
the retention (half life) of 131I within the target tissue; TSH: thyroid-
stimulating hormone; SSKI®: saturated solution of potassium 
iodide; RAI: radioactive iodine.
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current use of lithium in the management of mania and 
bipolar disease was established, and its association with 
goiter and thyroid dysfunction was reported by several 
investigators (Fieve and Platman, 1968; Gonzales and 
Lauter, 1968; Schou et al., 1968).

Lithium interferes with thyroid hormone synthe-
sis and secretion, and its actions are dose dependent. 
Lithium is concentrated in the thyroid, where it achieves 
levels 3–4 times greater than in serum (Schou et al., 
1968). Furthermore, lithium stimulates iodide trans-
port at approximately 10–20% of the level achieved by 
sodium (Eskandari et al., 1997). The exact mechanism 
that causes the high lithium concentrations in thyrocytes 
is unclear, but circumstantial evidence indicates that the 
NIS is involved in this metabolic pathway. Studies of the 
inhibitory effect of lithium on rat thyroid showed that 
doses above 2 mEq/l interfered with multiple steps in 
iodine metabolism, including iodide trapping (Berens  
et al., 1970); however, at therapeutic concentrations, TSH-
induced iodine accumulation persisted, while TSH-induced 
endocytosis of colloid and release of thyroid hormone was 
reduced (Williams et al., 1971). Lithium also reduces 
TSH-induced adenylate cyclase activity through competi-
tion with magnesium at binding sites essential for enzyme 
activity and cyclic adenosine monophosphate (cAMP) gen-
eration (Williams et al., 1971; Burke, 1970). Additional 
data suggest that lithium may also act in steps subsequent 
to cAMP formation (Mori et al., 1989; Williams et al., 
1971). In addition, lithium interferes in colloid droplet 
formation, microtubule function (Bhattacharya and Wolff, 
1976) and Tg hydrolysis (Bagchi et al., 1978). The least 
understood effect of lithium is on peripheral thyroxine 
metabolism, which appears to be decreased in both euthy-
roid and hyperthyroid subjects (Spaulding et al., 1972; 
Carlson et al., 1973). Moreover, lithium may inhibit pro-
liferation or have a direct cytotoxic effect on thyrocytes  
in vitro (Gaberscek et al., 2002).

The recognition of lithium’s ability to inhibit thyroid 
hormone release (Sedvall et al., 1969; Berens et al., 1970) 
inspired several small clinical studies in the early 1970s 
aimed to test its efficacy alone (Temple et al., 1971; Gerdes 
et al., 1973; Kristensen et al., 1976; Lazarus et al., 1974), 
or in combination with thionamides (Turner et al., 1976; 
Turner, 1978; Hedley et al., 1978) in the management of 
hyperthyroid patients. Importantly, several studies dem-
onstrated that lithium prolonged the half life of radioio-
dine within the thyroid gland (Sedvall et al., 1969; Berens 
et al., 1970; Temple et al., 1972). Some authors suggested 
that the use of lithium to achieve retention of iodine 
within the thyroid gland maximizes the local radiation 
effect and minimizes total body exposure (Turner et al., 
1976; Bogazzi et al., 1999), particularly in patients with 
rapid thyroidal turnover (Turner et al., 1976). However, 
no studies have demonstrated improved cure rates with 
adjuvant lithium (Bal et al., 2002; Bogazzi et al., 1999; 

Brownlie et al., 1980). Currently lithium is seldom used to 
treat hyperthyroidism and its use is generally restricted to 
patients in whom the conventional therapeutic options are 
associated with dose-limiting adverse effects. All studies in 
the literature have been performed with the short acting 
lithium carbonate preparation (Table 103.3).

Lithium Action in Thyroid Cancer

As previously discussed, malignant thyroid cells are less 
efficient at transporting and retaining 131I than normal 
thyroid cells, and the biological half life of 131I is shorter 
in malignant thyroid tumors (less than 10 days) than in 
normal thyroid gland (approximately 60 days) (Berman  
et al., 1968), thus limiting the efficacy of therapeutic radio-
iodine. Using quantitative radiation dosimetry, Maxon  
et al. (1983) showed that thyroid cancer metastases display 
a variable response in iodine turnover, thus affecting the 
outcome of the therapy. The analysis of the iodine kinet-
ics in metastases that were successfully eradicated with 
RAI showed a significant increase in effective half life (5.5 
days) when compared to those that were not (2.5 days). 
Also the radiation absorbed dose (rad) was significantly 
lower in unresponsive tumors, although the percentage of 
 radiation uptake was similar between the groups. The esti-
mated lethal dose for metastases was greater than 8000 rad, 
and subsequent studies demonstrated that a quantitative 
lesion dosimetry strategy to achieve this dose was associ-
ated with a high cure rate (Maxon and Smith, 1990). In 
addition to the total amount of radioiodine administered, 
the retention in metastatic lesions represents a critically 
important factor in achieving a successful therapeutic out-
come, thus providing the rationale for adjuvant lithium 
therapy.

The first published studies on the effect of lithium in 
thyroid cancer patients were a small case series by Briere  
et al. (1974) and a case study by Gershengorn et al. 
(1976). In both of these studies, lithium increased the dose 
of radiation delivered to well-differentiated thyroid cancer. 
Movius et al. (1986) showed, in a small series of patients 
with well-differentiated thyroid cancer, that the bio-
logical half life of 131I in individual lesions was increased 

Table 103.3 Formulations and dosage of lithium

Salt Formulation Dosage

Carbonate Capsule 150 mg, 300 mg, 600 mg
Carbonate Tablets 300 mg
Carbonate Tablets, controlled release 300 mg, 450 mg
Citrate Solution 300 mg/5 ml
Citrate Syrup 300 mg/5 ml

Note: Common formulations of lithium used in clinical practice in 
the US.
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from 20% to 770% (mean 52%) over baseline. Lithium 
appeared to have its greatest effect in tumors with rapid 
turnover; on average, the calculated radiation dose to all 
tumors was increased by 30% and those that had at least 
a 25% increase in tumor radiation dose had pre-lithium 
biological half lives less than 6 days (Movius et al., 1986).

Additional studies at NIH by Koong et al. (1999) fur-
ther confirmed the inverse relationship between the benefi-
cial lithium effect and the baseline half life values. Lithium 
prolonged the effective half life in 77% of metastases, and 
an increase of more than 50% was observed when the con-
trol biological half life was less than 3 days. As lithium 
treatment also resulted in increased 131I accumulation in 
tumor, the average tumor radiation dose increased two-fold.  
No significant lithium effect could be seen if the half life 
was greater than 6 days.

Blockade of thyroidal iodine release occurs at serum 
lithium levels between 0.6 and 1.2 meq/l (Temple et al., 
1972). The target concentration of lithium is generally 
achieved in 2–3 days if a loading dose of 600 mg is given, 
followed by 300 mg three times daily (Koong et al., 1999) 
(Table 103.4).

Although lithium carbonate is associated with many 
side effects (Table 103.5), short-term therapy is well- 
tolerated by most individuals. No serious toxicity was 
observed with lithium administration in any patients with 
thyroid cancer reported in the literature.

In conclusion, the effect of lithium in enhancing radioiod-
ine retention in metastatic lesions has been known for several 
decades, but at the present time there are no well-designed 

clinical studies demonstrating improved outcomes such as 
survival, or disease-free survival, associated with its use as an 
adjuvant. Lack of practice guidelines derived from clinical tri-
als, limited availability of 131I dosimetry to identify patients 
likely to benefit from lithium therapy, and inexperience in 
prescribing this psychotherapeutic agent with a narrow ther-
apeutic range to hypothyroid patients are some factors that 
have limited its use. Despite these concerns, lithium therapy 
should be considered in high-risk patients with demonstrated 
uptake of radioiodine in metastatic deposits to enhance the 
radiation dose, particularly if there has been minimal response 
to prior therapy. Even when lesion dosimetry cannot be per-
formed to identify those with rapid turnover and potential 
benefit, lithium could be used as an adjunct to optimize the 
radiation dose delivered by standard fixed quantities of 131I 
 typically given in clinical practice.

Summary Points

l Remnant ablation with 131I following surgical resec-
tion of the thyroid is considered standard clinical 
care in thyroid cancer treatment. The optimal 131I 
dose required to achieve successful ablation remains 
controversial.

l The two most important factors in determining  
ablation success are the size of residual tissue and the 
effective half life of 131I in the tissue. The success of 
treatment in patients with thyroid cancer with radio-
iodine is dependent on effective uptake and adequate 
retention of 131I in thyroid tissue.

l Lithium carbonate has multiple actions on the nor-
mal thyroid gland. The main effect of lithium on the 
thyroid gland is an increase in the retention of iodine,  
ultimately inhibiting thyroid hormone synthesis.

l Lithium has been historically used for the treatment of 
hyperthyroidism (Table 103.6).

l Lithium carbonate therapy appears to be a promising 
modality to increase 131I retention in thyroid tissue 
without affecting 131I uptake, thus increasing the effects  
of the RAI therapy without increasing toxicity.

Table 103.4 Lithium therapy regimen in a patient with thyroid 
cancer undergoing RAI

Phase Dose (mg) Frequency

Loading dose 600 Once
Maintenance dose 300 Three times daily

Note: Protocol for lithium use in preparation of a patient with 
thyroid cancer for RAI therapy. The target concentration of lithium is 
generally achieved in 2–3 days if a loading dose of 600 mg is given 
followed by 300 mg three times daily; the target serum concentration 
of lithium is . 0.6  1.2 mmol/l; RAI: radioactive iodine.

Table 103.5 Adverse effects and toxicities of lithium 
administration

Mild Dry mouth, polyuria, polydipsia, mild nausea
Moderate Drowsiness, muscular weakness, diarrhea,  

 vomiting
Severe Vomiting, dehydration, high urine output,  

  tinnitus, blurred vision, pseudotumor 
cerebri, ataxia, seizure, coma, bradycardia, 
hypotension

Note: Side-effects of long-term lithium treatment; the 
frequency of adverse effects is not defined; the side-effects 
are dose-related. Therapeutic range 0.6–1.2 mmol/l; toxic 
concentration: . 2 mmol/l.

Table 103.6 Therapeutic use of lithium salts in thyroid 
disorders

Hyperthyroidism Thyroid cancer

Alone (in case of severe 
 thionamide toxicity)

Poor 131I uptake

With thionamides Rapid iodine turnover
With thionamides and RAI Aggressive disease
With RAI Adjuvant therapy in RAI remnant  

 ablation (under investigation)

Note: Because of lithium’s ability to inhibit thyroid secretion and 
increase retention of iodine within thyroid tissue, it has been used 
in the treatment of several thyroid diseases. The use of lithium in 
thyroid disorders is not FDA approved. RAI: radioactive iodine; 
FDA: Food and Drug Administration.
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Abstract
131Iodine (131I) has proven efficacy in the post-surgical 
management of differentiated thyroid carcinoma (DTC). 
Following definitive surgical resection of tumor (i.e., thy-
roidectomy and/or neck dissection), 131I has a major role 
in the detection and treatment of persistent or recurrent 
disease. It is used for the post-surgical ablation of the 
normal gland remnant and for the diagnosis and therapy 
of sites of iodine-concentrating thyroid tumor. Beyond 
surgery there is no more effective treatment for iodine-
concentrating metastatic thyroid cancer. The acute and 
long-term side-effects of 131I are less severe than those 
of other systemic cancer therapies. However, the thera-
peutic administration of 131I is not entirely without risk. 
Emerging treatment paradigms and factors affecting the 
efficacy and toxicity of systemic radioiodine therapy are 
discussed in this review.

Abbreviations

AGES Age, grade, extent, size
AJCC American Joint Committee on Cancer
AMES Age, metastasis, extent, size
CNS Central nervous system
CT X-ray computed tomography
DTC Differentiated thyroid carcinoma
EORTC  European Organization for Research 

and Treatment of Cancer
HAb Heterophile antibody
HIV Human immunodeficiency virus
HMG-CoA 3-hydroxy-3-methyl-glutaryl-CoA
hNIS Human sodium iodide symporter
MACIS  Age, completeness of resection, 

invasion beyond gland, size

MRI Magnetic resonance imaging
MSKCC Memorial Sloan–Kettering Cancer  
 Center
OSU Ohio State University
rhTSH  Recombinant human thyroid-

stimulating hormone
T3 Liothyronine
T4 Levothyroxine
Tg Thyroglobulin
TgAb Anti-thyroglobulin antibody
TSH  Thyroid-stimulating hormone 

(Thyrotropin)
UICC International Union Against Cancer
US Ultrasound
USAF US Air Force
WBS Whole body scan

Introduction

Thyroid carcinoma is the most common endocrine malig-
nancy in the US, with 33550 new cases and 1530 deaths 
estimated for 2007. For unclear reasons, the annual 
 incidence of thyroid carcinoma has risen over the last two 
decades (Jemal et al., 2007). The discovery and use of 
radioactive iodine are major reasons that nuclear medicine 
originally achieved its specialty standing and central role in 
the management of thyroid disease.

Nearly 90% of malignant tumors involving the thyroid 
are differentiated carcinomas of the follicular epithelium. 
Based on growth pattern, approximately 75%–80% of 
these can be categorized as papillary, and 15%–20% as 
follicular (Fuchshuber et al., 1998). The majority of these 
tumors maintain the ability to transport and concentrate 
iodine, a factor that allows us to use radioisotopes of 
iodine for both diagnosis and therapy. Differentiated 
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 thyroid carcinoma (DTC) typically has a low incidence 
and good prognosis. Nevertheless, certain factors separate 
patients into low- and high-risk categories for recurrence 
and adverse outcome, and over the last quarter century, 
numerous classification systems have been proposed to 
assess overall risk. Figure 104.1 summarizes cumulative 
mortality over a 20-year period for Mayo Clinic patients 
with papillary carcinoma judged to be high (25%–40%) or 
low risk (1%–2%), using four representative scoring sys-
tems: EORTC (Byar et al., 1979), UICC (Hermanek and 
Sobin, 1987), AGES (Hay et al., 1987) and AMES (Cady 
and Rossi, 1988) (Hay, 1990). Cumulative survival fig-
ures at 20 years are even more impressive for Mayo Clinic 
patients at low (88%–90%) versus high (10%) risk 
from follicular tumors in a system incorporating age and 
the presence of vascular invasion and distant metastases 
at diagnosis (Brennan et al., 1991). Although follicular  
carcinomas are typically smaller when discovered, they are 
usually found later in life and are often more advanced, 
showing a propensity for hematogenous dissemination 
and distant metastasis. Survival statistics for equally staged 
papillary tumors are also poor. Table 104.1 summarizes  
criteria included in the major risk stratification systems 
for DTC. A large volume retrospective analysis in the  
mid-1990s, comprising patients with both papil-
lary and follicular cancers from Ohio State University 
(OSU) and the US Air Force (USAF), focused princi-
pally on tumor-specific factors associated with disease 
recurrence and cancer-specific mortality (Mazzaferri 
and Jhiang, 1994). As a part of this study, tumor vari-
ables alone were used in a system for the clinical stag-
ing of thyroid malignancies. Beyond age at diagnosis 

and to a lesser degree patient gender, tumor features 
such as size, extra-thyroidal extension, multifocality, 
and the presence of distant metastases were all shown to 
bear upon outcomes. From a clinical standpoint, all the 
above factors warrant review at the time of initial consul-
tation. From a nuclear medicine perspective, we feel that 
it is most important to base decisions regarding adjuvant 
radioiodine therapy on anatomic staging at the time of 
diagnosis.

Patient-Specific Prognostic Factors

We cannot discount altogether the patient-specific prog-
nostic factors outlined in the staging systems described 
in Table 104.1. For reasons that are not completely under-
stood, both the age and sex of the patient at diagnosis 
influence disease behavior and the outcome of initial 
therapies.

Age at diagnosis

Age at diagnosis is included in nearly all series as a factor 
influencing mortality in DTC. Thyroid carcinoma is more 
often a life-ending illness in patients above age 40 when 
first diagnosed. Mortality further increases when it is diag-
nosed over subsequent decades (Maheshwari et al., 1981; 
Mazzaferri, 1999).

A different overall pattern emerges when disease 
recurrence is examined relative to age. While the inci-
dence of tumor recurrence from midlife on is high, 
it is even more frequent among children. This is in 
spite of more favorable outcomes in this age group. 

Figure 104.1 Mayo Clinic patients with papillary carcinoma judged to be at high (25–40%) or low (1–2%) risk for mortality using 
EORTC (Byar et al., 1979) (left upper), TNM (Hermanek and Sobin, 1987) (upper right), AGES (Hay et al., 1987) (lower left) and AMES 
(Cady and Rossi, 1988) (lower right) classification systems. With permission from Hay, (1990).
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Long-term survival statistics for the pediatric popula-
tion are usually good, although children more often 
present with advanced tumors, which typically recur 
(Dottorini et al., 1997; Samuel et al., 1998; Schlumberger 
 et al., 1987). Some risk of recurrence and cancer-specific  
mortality remains well beyond 20 years from initial diag-
nosis for all patients, emphasizing the need for adequate 
early treatment and careful follow-up (Figure 104.2).

Gender

A second patient-specific factor that is felt to have a bearing  
on outcome is gender. Although it holds variable statisti-
cal weight in different study populations, there is evidence 
throughout the literature that the prognosis from thyroid 
carcinoma is less favorable among male patients. Two large 
studies have reported that male gender has an overall nega-
tive effect on survival (Byar et al., 1979; Mazzaferri and 
Jhiang, 1994). For these reasons, most researchers agree 
these patients warrant careful attention, particularly when 
lesions are diagnosed in midlife and beyond.

Tumor-Specific Prognostic Factors

The size and extent of the primary tumor at diagnosis have 
been shown time and again in series both in the US and 
abroad to have a statistical bearing on outcome in DTC.

Primary tumor size

The size of the primary tumor is a major factor affecting 
disease control in both papillary and follicular tumors. 
It is included in seven of the nine scoring systems com-
piled in Table 104.1. The vast majority of small carcinomas 
contained within the thyroid gland rarely recur. This is 
particularly true for lesions below the limits of palpation 
(1.0 cm). The OSU/USAF series describes the 30-year 
recurrence rate for lesions under 1.5 cm to be one-third 
that of larger tumors with a cancer-specific mortality rate 
of 0.4%, compared to 7.0% for tumors above 1.5 cm 
(p  0.001) (Mazzaferri and Jhiang, 1994). Papillary 
microcarcinomas are often uncovered as a result of sur-
gery for benign conditions, and these almost never recur. 
Although they are less common, more aggressive forms of 
microcarcinoma do exist (Moosa and Mazzaferri, 1977). 
These can be a source of local–regional as well as distant 
metastatic disease (Sugino et al., 1988); however, they are 
usually multifocal tumors at presentation, and it is most 
often the spread of disease that first brings them to clinical 
attention (Baudin et al., 1998).

Invasion of Perithyroidal Tissues (Extent) The inva-
sion of perithyroidal tissues by tumors also has a clear sta-
tistical bearing on recurrence and mortality from DTC. 
Gross or microscopic evidence of direct extension to local 
tissues signals increased risk for recurrence. All recog-
nized scoring systems list direct tumor invasion beyond 
the gland capsule as a major risk factor for cancer-related 
death (Table 104.1).

Local Lymph Node Metastases Considerably more 
controversy exists concerning the relevance of local–
regional lymph node metastases in DTC. Over one-third 
of patients (35%) with papillary carcinoma will present 
this way, as will a considerably lower percentage (13%) of 
patients with follicular tumors (Fuchshuber et al., 1998). A 
major clinical and pathological feature of DTC in children 
is spread to the regional lymph nodes (Dottorini et al.,  
1997). Some series report the incidence of cervical 
metastases in children with DTC to be as high as 90% 
(Schlumberger et al., 1987). Some investigators claim 
that regional lymph node metastases have little impact on 
overall outcome (Cady and Rossi, 1988; Shah et al., 1992; 
Hay et al., 1993); however, others consider this a risk fac-
tor for both disease recurrence and cancer-specific mortal-
ity (Mazzaferri and Jhiang, 1994; Scheumann et al., 1994; 
Sellers et al., 1992). This pattern of spread is considered 

Table 104.1 Risk stratification systems for differentiated thyroid 
carcinoma

Recognized risk factors

Scoring system Patient-specific Tumor-specific

United States
AMES (Cady and  
 Rossi, 1988)

Age Metastases, extent,  
 size

AGES (Hay et al.,  
 1987)

Age Grade, extent, size

MACIS (Hay et al.,  
 1993)

Age, completeness  
 of resection

Metastases, extent  
 (invasion beyond  
 gland), size

University of  
 Chicago (DeGroot  
 et al.,1990)

– Metastases, lymph  
 node status, extent

OSU/USAF  
 (Mazzaferri and  
 Jhiang, 1994)

– Metastases, lymph  
 node status,  
 extent, size

MSKCC (Shaha  
 et al., 1994)

Age Metastases, extent,  
 size

AJCC (Beahrs  
 et al., 1993)

Age Metastases, extent,  
 size

Europe
EORTC (Byar et al.,  
 1979)

Age, sex Metastases, lymph  
 node status, cell  
 type, extent

UICC (Hermanek  
 and Sobin, 1987)

Age Metastases, extent,  
 size

Notes: Size, size of primary tumor; grade, histologic grade of 
primary tumor; lymph node status, tumor positive cervical lymph 
nodes; extent/invasion, extension of tumor to extrathyroidal 
soft tissues; metastases, distant tumor in sites outside of neck 
(i.e., lung, bone, brain); cell-type, medullary, poorly differentiated 
follicular, anaplastic, all other.
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even more worrisome when the disease has extended to 
contralateral or bilateral neck nodes or to mediastinal nodes 
(Mazzaferri and Jhiang, 1994). Spread of metastatic tumors 
beyond the lymph node capsule is an especially worrisome 
finding, as is extension of the primary tumor to tissues  
outside of the thyroid gland (Yamashita et al., 1997).

Distant Metastases Finally, there is little debate over 
the impact of distant metastatic disease on overall survival. 
One large review of 13 series comprising 1231 patients esti-
mated that 5% of papillary carcinomas and 13% of follicu-
lar carcinomas have extended beyond the neck at diagnosis. 
This distant spread of tumors was most common within 
the lung (49%), followed in order of frequency by metas-
tases in bone (25%), lung and bone (15%), and central 

nervous system (CNS) or other tissues (10%). Overall, 
close to 50% of these patients die of their disease within 5 
years (Mazzaferri, 1993). Although some forms of pulmo-
nary spread may be compatible with long-term survival and 
even “cure,” macroscopic tumors within the lung, skeleton, 
or brain are typically difficult to treat and are often fatal 
(Schlumberger et al., 1996a, b; Chiu et al., 1997).

In summary, although differences exist in the vari-
ous staging and prognostic scoring systems employed 
at clinics in the US and Europe, they are outweighed by 
similarities. Table 104.2 shows the current American Joint 
Committee on Cancer (AJCC) staging system for thyroid 
carcinoma used by both American and European thyroid 
associations formulating guidelines for the management 
of DTC. Emphasis is given to tumor size, local soft tissue 

Figure 104.2 Recurrence and cancer death from DTC based on age (a) and time from initial therapy (b). With permission from 
Mazzaferri and Jhiang, (1994).
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invasion, and the presence of distant metastases. All these 
have a clear bearing on the risk for tumor recurrence and 
cancer-specific mortality. Even more important is the fact 
that these same factors can be used to tailor therapy to 
individual disease risk, both in the operating room and 
in the clinic following surgery. While age is weighted by 
many, we do not include it in treatment decisions for the 
individual patient. Although young patients often demon-
strate more favorable outcomes to therapy, the reasons are 
not well-understood. We do not feel that age alone should 
override the red flags of anatomic staging. Improved mor-
tality figures are not sufficient cause to look away from 
data that clearly point to an increased incidence of tumor 
recurrence and associated morbidity.

Postsurgical 131Iodine (131I) Remnant 
Ablation

When total or near-total thyroidectomy is the intention of 
the surgical team, patients are typically referred for a postop-
erative 131I scan for assessment for administration of radio- 
active iodine for removal of remnant thyroid tissue. Total 
resection of the thyroid is a difficult proposition, and atten-
tion to critical structures within the neck usually interferes 
with complete surgical removal of gland tissue. Radioiodine 
ablation refers to the use of 131I to destroy what is pre-
sumed to be normal thyroid tissue remaining within the 

neck following surgery. It is our experience that more than 
90% of patients referred for radioiodine scanning in the 
weeks following surgery will show uptake within the neck 
indicative of some thyroid remnant. Radioiodine ablation 
of residual thyroid tissue in the setting of intermediate and 
advanced-stage tumors is advised for a number of reasons. 
131I ablation of gland remnant has been shown to reduce 
the risk of tumor recurrence (Figure 104.3), and thereby 
lessens the chances of an adverse outcome relating to treat-
ment failure (Samaan et al., 1992; Mazzaferri and Kloos, 
2001; Jonklass et al., 2006). The post-operative ablation of 
normal 131I-concentrating thyroid tissue increases the sensi-
tivity of diagnostic 131I scans and the efficacy of further 131I 
treatments. DTC is typically less iodine-avid than is the 

Table 104.2 AJCC stage grouping for papillary and follicular 
thyroid carcinoma

Papillary or follicular carcinoma

Staging system Age under 45 years 45 years or older

STAGE I Any T, any N, M0 T1, N0, M0
STAGE II Any T, any N, M1 T2, N0, M0
STAGE III T3, N0, M0

T1, N1a, M0
T2, N1a, M0
T3, N1a, M0

STAGE IVA T4a, N0, M0
T4a, N1a, M0
T1, N1b, M0
T2, N1b, M0
T3, N1b, M0
T4a, N1b, M0

STAGE IVB T4b, any N, M0
STAGE IVC Any T, any N, M1

Notes: Tumor – T1: 2 cm in diameter; T2: 2–4 cm in diameter; 
T3:  4 cm in diameter or minimal extrathyroidal extension;  
T4a: invading extrathyroidal tissue; T4b: invading prevertebral 
fascia or encasing carotid or mediastinal blood vessels; 
nodes – N1a: level VI metastasis (Delphian, pre/paratracheal, 
or prelaryngeal nodes); N1b: lateral neck/mediastinum; distant 
metastases – M1, distant metastasis (T0/N0/M0, clinically absent; 
TX/NX/MX, not assessed).
Source: AJCC Cancer, Staging Manual, 6th ed., (2002), Springer.

Figure 104.3 Impact of initial medical therapy including 131I 
remnant ablation on recurrence and death from DTC. With 
 permission from Mazzaferri and Kloos, (2001).
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normal gland epithelium. If much normal tissue persists, 
there will be less tracer available for detection of small-vol-
ume tumor deposits in neighboring or distant structures. 
Moreover, the 131I localization that enables tumor detection 
and effective therapy is enhanced by thyrotropin (TSH) 
release, and this can be difficult to stimulate with signifi-
cant functioning gland remnant in place. Finally, a key 
tenet in disease monitoring is the use of serum thyroglobu-
lin (Tg) as a tumor marker. 131I remnant ablation facilitates 
this usually by eliminating the variable “background” Tg 
levels that persist with normal gland remnant, which can 
confound the accurate interpretation of laboratory results.

Our initial post-operative ablation doses of 131I for pap-
illary or follicular tumors usually follow a regimen com-
prising two levels, provided there has been surgical removal 
of all gross and microscopic evidence of tumor:

Level 1: Fixed “low-dose” ablation, 1850–4625 MBq 
(50–125 mCi), is performed following surgery for solitary 
tumors under 4.0 cm in diameter without pre- or post- 
surgical evidence of spread to local-regional lymph nodes 
or extension to extra-thyroidal soft tissue. Administered 
activity is based on age, patient size, tumor characteristics 
and tracer uptake within the gland remnant.

Level 2: Fixed “high-dose” ablation, 5550 MBq (150 mCi), 
is reserved for patients with lesions above 4.0 cm in size 
or with any of the following in the operative specimen: 
multifocal tumors, local-regional lymph node metastases, 
prominent vascular invasion, or extension of tumors to 
extra-thyroidal soft tissue.

In our laboratory 131I ablation is ordinarily performed 6–8 
weeks after surgery following a diagnostic 131I survey dem-
onstrating persistent iodine concentration within the surgical 
bed. Following total or near-total thyroidectomy, levothy-
roxine (T4) is withheld in preparation for 131I scanning and 
ablation. To postpone and alleviate the effects of a T4 defi-
cit, liothyronine (T3) can be given for 3–4 weeks. T3 has a 
much shorter pharmacologic half life and thus may be dis-
continued 10–14 days prior to 131I dosing. At the same time 
the medication is stopped, a low-iodine diet is initiated that 
is intended to further enhance uptake of the radioisotope 
within the gland remnant. Diagnostic 131I studies should be 
spaced at least 3–4 months from any radiographic examina-
tion employing intravenous contrast, and in such situations, 
acceptable free-iodine concentration (100 g/24 h) should 
be confirmed by 24-h urine collection prior to proceeding. 
Pre- or post-operative test results indicating persistent tumor 
(local-regional or distant) have clear therapeutic relevance 
and such patients warrant safe augmentation of the 131I dose.

131I Therapy of Differentiated Thyroid 
Carcinoma

The approach to radioiodine therapy of metastases 
from DTC varies in many clinics within the US. The 

 demonstration of iodine-concentrating tumor outside the 
operative bed on pre-ablation 131I imaging often calls for 
an increase in the 131I doses typically used for ablation of 
normal post-surgical thyroid remnant. Persistent or recur-
rent tumor seen on post-ablation imaging may also be 
most effectively addressed with additional 131I. Dose aug-
mentation for treatment can take one of three forms:

1. Fixed dosing. This is an approach that was first intro-
duced and effectively applied to the management 
of patients with DTC by a team of physicians at the 
University of Michigan, and it may be the treatment 
system most commonly employed in clinics through-
out the US today (Beierwaltes et al., 1982). Fixed dose 
augmentation does not involve measurement of radia-
tion dose to thyroid remnant or to functioning meta-
static lesions, but instead focuses on the empiric dosing 
of radioiodine based on knowledge of the extent and 
location of tumors. A sliding scale is used in accord-
ance with the operative report and visualization of dis-
ease on diagnostic scans within limits determined to 
be safe for the majority of adult patients. Documented 
tumor that is limited to lymph nodes within the neck 
that are not obviously involved by the disease or that 
are beyond the reach of the surgeon’s knife is usually 
treated with 5500–6475 MBq (150–175 mCi) of 131I. 
A tumor invading soft tissues within the neck that may 
have been incompletely excised is most often addressed 
with 131I doses in the range of 5500–7400 MBq 
(175–200 mCi). Finally, patients with clear evidence 
of distant metastatic disease are usually safely admin-
istered doses in the 7400–9250 MBq (200–250 mCi) 
range. Dose reduction may be warranted for unusually 
large remnants or extensive diffuse lung tumor that 
strongly retains 131I, in order to avoid prolonged count 
 reductions or possible lung injury.

2. Type I (remnant/tumor) dosimetry. Investigators who 
have looked at some of the issues surrounding effective 
radioiodine therapy of DTC have determined that a 
normal gland remnant requires a radiation absorbed 
dose of at least 300 Gy (30000 rads) for likely ablation 
(80%), and that iodine-concentrating tumor limited 
to lymph nodes within the neck should see at least 80–
100 Gy (8000–10000 rads) for similar efficacy (Maxon 
et al., 1983). Although it is in fact necessary to measure 
the volume of larger lesions treated with 131I to accu-
rately estimate the absorbed dose from systemic radio-
therapy, it has been our experience that many of the 
lymph nodes first detected on a post-operative radio-
iodine scan are at or below radiographic size criterion 
(1 cm) for characterization as abnormal. This is a fact 
that increases the likelihood of effective treatment with 
radioiodine (Maxon, 1999). Along with some anatomic 
estimate of lesion dimension, a calculation of the radia-
tion dose delivered to the gland remnant or metastatic 
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lesions requires serial measurement of the uptake of 131I 
at two or optimally three times over a 1-week period. 
There is evidence to suggest that a radioiodine dose that 
is not sufficient to deliver at least 35 Gy (3500 rads) will 
be ineffective, and that such lesions should be addressed 
surgically or by external-beam radiotherapy (Maxon 
et al., 1992; Maxon, 1999).

3. Type II (blood-based) dosimetry. It is frequently dif-
ficult if not impossible to estimate radiation delivery 
to sites of metastatic tumors. Iodine-avid metastatic 
disease may be distributed in such a way that volume 
cannot be measured. In the interest of increasing the 
likelihood of effective delivery of 131I, systems have 
been developed for maximum delivery of targeted sys-
temic radiotherapy within limits that will protect what 
has been determined to be the dose-limiting organ for 
the majority of cases: the bone marrow (Benua et al., 
1962). This system requires serial blood sampling 
and measurement of retained activity over a 1-week 
period. Originally proposed and validated by Benua 
et al. (1962) and Leeper and Shimaoka (1980) of the 
Memorial Sloan–Kettering Cancer Center (MSKCC), 
serious complications from dose maximization were 
avoided by using this approach and limiting blood 
exposure to 200 cGy (200 rad) while keeping whole 
body retention under 4440 MBq (120 mCi) at 48 h, 
or under 2960 MBq (80 mCi) in patients with diffuse  
lung disease.

Enhanced radioiodine uptake outside the confines 
of the surgical bed on postoperative examination is 
often indicative of metastases from differentiated thy-
roid tumors. If such a pattern is first evident on the ini-
tial post-operative survey, our approach is to maximize 
the ablative dose within the previously noted fixed dose 
guidelines for 131I therapy. The patient is then re-imaged 
in 6–12 months with formal blood-based dosimetry that 
will allow safe administration of a maximum permissi-
ble dose of 131I for therapy of metastatic tumors. Prior 
knowledge of distant metastases or of persistent tumor 
within the neck will prompt us to include dosimetry in 
the initial post-operative evaluation. Post-therapy imag-
ing is included for all patients undergoing high-dose 
remnant ablation or therapy of local-regional or distant 
metastases. This is done not only to document effective 
uptake within thyroid remnants and tumors, but also 
to gain added information relating to the extent of dis-
ease. It has been estimated that as many as 20%–25% of 
patients will show lesions not evident on pretreatment 
studies (Schlumberger et al., 1997). This is more often 
found in cases when patients with negative pre-treatment 
scans are treated empirically with 131I, based on rising 
serum Tg. There are probably few situations in which the 
results will significantly alter treatment plans (Sherman 
et al., 1994).

Acute and Long-Term Effects of  
131I Therapy

Although it is lethal to the cells most able to concentrate 
it, 131I is not without immediate and long-term effects on 
tissues free of disease.

Early Effects of 131I Treatment

Acute radiation symptoms

Mild acute radiation symptoms have been described in the 
immediate post-treatment period in close to two-thirds of 
patients receiving 131I therapy (Abbatt et al., 1955; Van 
Nostrand et al., 1986). This is usually reported for doses 
in excess of 5550 MBq (150 mCi), and is a complex often 
marked by fatigue, loss of appetite, headache, nausea and 
occasional vomiting. The gastrointestinal component that 
is often described may also reflect the direct effect of phys-
iological localization of 131I within normal salivary tissues 
and gastric mucosa. This symptom constellation usually 
resolves over a 48-h period.

Radiation thyroiditis

Radiation thyroiditis, characterized by throat discom-
fort, cervical swelling and difficulty in swallowing, can 
result when high doses of radiation are delivered to large 
gland remnants (Burmeister et al., 1991). Patients may 
also experience symptoms of transient hyperthyroidism, 
due to release of stored hormone from large remnants, 
or from an extensive functioning follicular tumor (Smith 
et al., 1985). One should be wary of this effect, particu-
larly in patients with documented coronary artery disease 
or compromised cardiovascular function. All such patients 
should be made euthyroid prior to treatment, and should 
be observed carefully for signs of thyroid storm within 
10 days of 131I therapy, as this is a situation requiring 
prompt attention (Cerletty and Listwan, 1979). Rarely, 
local swelling may be of an order sufficient to precipitate 
vocal cord dysfunction (Lee et al., 1985). Such effects are 
usually limited to patients with invasive tumors involving 
the vocal cords, or with large thyroid remnants adjacent 
to the recurrent laryngeal nerves. These are situations 
that call for careful monitoring, and treatment will likely 
involve the systemic administration of corticosteroids. It 
is important to appreciate that large gland remnants will 
compete for finite doses of administered 131I. Such com-
petition is thought to interfere with the detection and 
effective treatment of tumors that may have been incom-
pletely excised (Miccoli et al., 1998; Scheumann et al., 
1996). For these reasons, we recommend further surgery 
for patients known to have large gland remnants and 
residual tumors that require the upfront, effective delivery 
of 131I as part of therapy.
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Cytopenias

Cytopenias are frequently observed following high-dose 
131I therapies for DTC. A reduction in platelet and white 
blood cell counts may be witnessed over the weeks follow-
ing 131I therapy, based largely on the dose administered and 
on the effective half life of 131I in the individual patient. In 
a University of Michigan study, anemia (35%), leucopenia 
(10%) and thrombocytopenia (3%) were reported in 157 
patients treated with an average dose of 207 mCi. Count 
reductions can be expected to resolve by 1 year, with red cell 
declines persisting slightly longer than white cell and platelet 
effects (Haynie and Beierwaltes, 1963). Weekly monitoring 
of counts over an 8–12-week period is advocated, particu-
larly for patients receiving doses in excess of 9250 MBq 
(250 mCi) for therapy of widespread disease. Long-term 
hematologic effects are not likely if red marrow dose is kept 
within the aforementioned 200 rad exposure limit.

Sialadenitis

Finally, the salivary effects from 131I treatment can some-
times be a cause of considerable patient discomfort. 
Tenderness and swelling may result from radiation effect on 
the lingual, parotid and submandibular salivary glands fol-
lowing 131I administration. These effects have been reported 
to occur in up to one-third of individuals treated with 
131I doses, with a direct relationship to the radiation dose 
received (Speigel et al., 1985). Symptoms usually become 
evident over a 24–48-h period following administration of 
therapy, and have been described as reflecting the radiation 
effect of large 131I doses in patients with a minimal thyroid 
remnant. Transient alteration or loss of taste sensation can 
result, most often resolving spontaneously over an 8–12-
week period. Emphasizing hydration and encouraging sali-
vary flow through use of lemon drops or chewing gum over 
the early post-treatment period may reduce these symptoms. 
In spite of these measures, longstanding adverse effects are 
possible, particularly in patients receiving repeated, high-
dose 131I treatments for refractory tumor. These include dry 
mouth, altered taste and conjunctival irritation, as well as 
ear and jaw pain due to intermittent salivary obstruction 
from desquamation of the glandular epithelium (Alexander 
et al., 1998). The latter symptom complex is often precipi-
tated by eating and may persist for months. A recent review 
of the effects of 131I therapy on salivary glands was pub-
lished in the journal Thyroid (Mandel and Mandel, 2003).

Late Effects of 131I Treatment

Although most of the immediate effects just described 
resolve during the weeks following 131I therapy, the 
chances of long-term organ or tissue injury increase, along 
with the cumulative dose of radioactivity required for 
treatment.

Gonadal dysfunction

Female Reproductive Function Female reproductive 
function is usually unaffected by single administrations 
of 131I; however, permanent reproductive organ impair-
ment may result from repeated therapies for this disease. 
One study noted that the miscarriage rate after 131I abla-
tion employing doses in excess of 100 mCi is nearly dou-
ble the increase observed following thyroidectomy alone 
(Schlumberger et al., 1996). The reasons for this are not 
entirely clear, although the observation suggests a possible 
relationship to irradiation of the ovaries. It appears there is 
no increase in risk of birth defects from treatment of children 
or women of childbearing age. This same study of women 
and pregnancy before and after 131I therapy of thyroid car-
cinoma revealed no evidence for increased risk of congenital 
malformation, stillbirth, or prematurity following treatment 
for this disease. Long-term studies suggest that fertility is 
unaffected for women younger than 30 at the time of ther-
apy (Edmonds and Smith, 1986). However, one must bear 
in mind that such statistics are usually directly correlated to 
cumulative radiation dose. While permanent sterility has 
not been recorded for premenopausal women receiving less 
than 11100 MBq (300 mCi) of 131I, it has been reported 
in nearly 60% of females receiving 131I doses in excess of 
29600 MBq (800 mCi) (Mazzaferri and Jhiang, 1994; 
Maxon, 1993). Patients need to be aware of this. Women 
of childbearing age treated in our clinic are advised to avoid  
pregnancy during the 12 months following 131I therapy.

Male Reproductive Function A different situation exists 
for males undergoing 131I therapy for thyroid cancer, as the 
testes are especially vulnerable to the effects of radiation. A 
single 131I treatment involving only moderate doses of radi-
oiodine (1850–3700 MBq [50–100 mCi]) is sufficient to 
cause a reduction in sperm count (Ceccarelli et al., 1999). 
The testicular effects described from 131I therapy in males are 
proportional to the total dose of radioactivity received over 
the course of treatment (Handelsman and Turtle, 1983). 
Permanent sterility has been reported in men receiving 
cumulative doses greater than 29600 MBq (800 mCi) (Pacini 
et al., 1994). Sperm banking should be considered for young 
males with extensive disease amenable to therapy with 131I.

Lung Fibrosis

Lung fibrosis is often a concern for clinicians treating patients 
with diffuse pulmonary spread of iodine-avid thyroid tumors; 
however, it is an uncommon event. It was originally reported 
in the early experience of the Memorial Sloan–Kettering 
group. Based on five events in 59 patients, dosimetry guide-
lines were adjusted to ensure that retained activities were kept 
under 4440 MBq (120 mCi) at 48 h in all patients, and under 
2960 MBq (80 mCi) at 48 h in those having diffuse lung 
metastases (Leeper and Shimaoka, 1980). It is our experience 
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that on average, 30%–50% of the administered 131I dose is 
excreted within 24-h in athyrotic patients with normal renal 
function. Exceptions to this would be patients with large  
thyroid remnants, or those with an overwhelming mass of 
persistent, functioning tumor. Given this fact, the standard 
fixed-schedule dose of 7400 MBq (200 mCi), usually advo-
cated for therapy of lung metastases, is safe for treatment of 
pulmonary disease in the overwhelming majority of cases. 
An approach employing dosimetry would safely permit the 
initial augmentation of therapy that is particularly needed 
for iodine-avid, surgically nonresectable disease outside the 
neck. It would also be advisable in therapies for patients with 
compromised renal function.

Secondary Tumors 

Radiation-induced malignancy is probably the most seri-
ous among the potential late effects of 131I treatment. 
Permanent count reductions and white cell and platelet 
abnormalities are sometimes seen in patients receiving more 
than 37 GBq (1 Ci) of 131I for treatment of thyroid cancers. 
A slight increase in prevalence of AML was detected for 
patients that had received 131I therapy for thyroid cancer in 
a large meta-analysis comprising 13 series and 2753 patients 
(Maxon and Smith, 1990). Many of these patients received 
high doses of 131I over short time intervals, a fact that only 
enhances the mutagenic properties of ionizing radiation for 
both normal and diseased tissue. A small increase in deaths 
from bladder cancer and leukemia has been reported with 
cumulative 131I doses in excess of 37 GBq (1 Ci) (Edmonds 
and Smith, 1986). Here again, risk is proportional to 
cumulative organ dose, and underscores the need for atten-
tion to bowel, as well as bladder, function in the days fol-
lowing therapy. In view of these effects, 131I treatments 
are usually spaced at 12-month intervals and are in most 
cases not repeated any sooner than 6 months for even the 
more aggressive tumor variants. Placed in perspective, the 
lifetime risk of leukemia is small enough so that even with 
the added radiation exposure from 131I treatment, it does 
not exceed the risk of dying from metastatic thyroid cancer 
(Mazzaferri and Kloos, 2001).

131I Imaging and Follow-Up

Following radioiodine ablation of thyroid remnant or 
treatment of iodine-concentrating thyroid tumor, we rec-
ommend a minimum of one follow-up 131I study to assess 
the efficacy of the ablation dose. For reasons described, 
once the normal thyroid remnant has been eliminated, 
unrecognized areas of disease may become apparent on a 
whole body survey. The initial post-operative 131I scan is 
done to assess the presence of a normal thyroid remnant 
following total or near-total thyroidectomy. Uptake in the 
neck is likely in this setting, and this study is therefore per-
formed using only a small 37 MBq (1 mCi) dose of 131I. 

Once remnant ablation is achieved, patients are re-imaged 
for the purpose of detecting persistent or recurrent tumors. 
In our clinic, diagnostic scans for this application are 
acquired with 74 MBq (2 mCi) doses of 131I. The tracer 
dose is doubled, but is kept below 111 MBq (3 mCi) 
because of a concern that the diagnostic dose of 131I might 
interfere with its concentration for subsequent therapy, a 
phenomenon termed “stunning” (Park et al., 1994; Leger 
et al., 1998). 131I scans should always be accompanied by 
stimulated serum Tg assays, permitting serial comparison 
of this tumor marker in the assessment of a patient’s dis-
ease. Serum Tg is most often undetectable (0.5 ng/ml) 
following successful postsurgical 131I remnant ablation in 
patients free of disease.

Diagnostic imaging with 131I

In patients receiving high-dose remnant ablation for one 
or more of the above-mentioned risk factors, we ordinarily 
advocate obtaining at least two negative 131I scans over the 
first 5 years in order to increase the chances of early detec-
tion and prompt therapy of recurrent tumor during the 
time when it is most likely to be encountered. This imag-
ing schedule is accompanied by regular follow-up within 
the clinic, with a physical examination every 3–6 months 
for the first 2–3 years. Clinical examination is guided by 
thyroid function testing at 3 and 6 months and then annu-
ally. Serum Tg assays are ordinarily performed at 6 and 12 
months and annually thereafter. Once two negative 131I 
surveys have been documented, we feel it is appropriate for 
patients without scan uptake or detectable serum Tg to enter 
long-term clinical follow-up, with clinic visits every 6–12 
months and further diagnostic studies ordered based on the  
results of the clinical examination and laboratory testing.

It has recently been suggested that regularly repeating 
the 131I whole body scan (WBS) adds little to the work-up 
for monitoring DTC beyond the initial characterization 
of disease and therapy monitoring. In place of the serial 
131I scans at 3- to 5-year intervals used in the past for dis-
ease surveillance, rhTSH (Thyrogen)-stimulated Tg test-
ing with or without the use of neck ultrasound has been 
suggested as a more sensitive indicator of disease return, 
serving to highlight a need for further work-up to deter-
mine the most effective and appropriate salvage therapy 
(Mazzaferri and Kloos, 2002). Although this is probably 
true for the majority of low- to intermediate-risk patients, 
there are also factors that often interfere with the accuracy 
of Tg as a tumor marker (Bachelot et al., 2005). Present in 
as a many as 25% of patients, the anti-thyroglobulin anti-
body (TgAb) is perhaps the best recognized among these, 
usually leading to falsely low serum Tg measurements. 
Serum heterophile antibodies (HAb) are another source of 
interference for immunometric assays, with the potential 
to lead to misguided 131I therapies based on false elevation 
of serum Tg (Mazzaferri, 2005). There are perhaps other 
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unrecognized sources of interference with this test, and as 
always, laboratory results need to be interpreted in a clini-
cal context. Figure 104.4 is just one real-world example of 
this, where for unclear reasons, the serum Tg assay does 
not reflect the true state of affairs for a given patient. 
While the 131I scan itself is far from perfect, it clearly has 
an ability to detect iodine-concentrating tissue that would 
be missed by alternative measures, with the added benefit 
of assessing the potential for effective use of 131I as further 
therapy. It is stating the obvious to say that the ultrasound 
probe has a very limited range. While it is generally true 
that papillary variants of DTC are most likely to recur in 
the operative bed or to metastasize to regional lymph nodes 
in a manner that is detectable with standard radiographic 
tools, this is not always the case (Figure 104.5). Moreover, 
we have long been aware that pure follicular neoplasms 
demonstrate a propensity for distant spread (Figure 104.6). 
Thus, we are not so quick to abandon the use of the 131I 
WBS as a diagnostic tool for our high-risk patients, partic-
ularly in cases where there is an upfront question regarding 
the validity of the Tg assay based on detectable TgAb, or 
possible interference from HAb. In such patients we gen-
erally consider use of the 131I WBS at 3- to 5-year intervals 
as appropriate for excluding recurrence, barring, of course, 
prior demonstration of disease already refractory to further 
use of 131I in therapy.

Empiric 131I therapy

While in the past eligibility for 131I therapy was principally 
determined by uptake on radioiodine scans alone, this 
 paradigm has also recently changed. Several investigators 
have demonstrated post-treatment evidence of tumor 
uptake in more than one-half of patients with negative 
diagnostic 131I studies when they were treated empiri-
cally with 3700–5550 MBq (100–150 mCi) of 131I based 
only on elevated serum Tg (Pacini et al., 1987; Pineda 
et al., 1995). The lowering of serum Tg has been recorded 
in 30%–50% of patients treated in this manner (Pineda 
et al., 1995), lending support to such an approach. These 
early data have been substantiated in multicenter stud-
ies done over the last decade, and it is generally felt that 
empiric 131I therapy is indicated for those who do not 
have surgically addressable disease, particularly if they have 
at some point had prior evidence of 131I-concentrating 
tumor on diagnostic scans (Pacini et al., 2001; van Tol 
et al., 2003; Kabasakal et al., 2004). Here, in particular, 
post-treatment imaging is always indicated for confirma-
tion of uptake of the therapy dose within tumors. Without 
it, there is little justification for continuing use of 131I in 
patient management.

If a surgically treatable lesion cannot be identified by 
conventional diagnostic studies (CT/MRI/US), empiric 
131I therapy is appropriate to consider, based on elevated 
or rising Tg alone. In this situation, the post-treatment 
131I surveys acquired 7–10 days following therapy often 
provide evidence of DTC missing from interim diagnostic 
scans. The Tg thresholds for consideration of empiric 131I 
therapy of DTC are in evolution. Serum Tg above 10 ng/
ml off thyroid hormone replacement, or above 5 ng/ml 
on T4 with or without recombinant human thyroid- 
stimulating hormone (rhTSH) stimulation are seen 
as actionable limits by many (Schlumberger et al., 
1997; Mazzaferri, 2005; Cooper et al., 2006; Pacini  
et al., 2006b). A rhTSH-stimulated Tg level of greater  
than 2 ng/ml is felt to be a very sensitive measure of 
persistent or recurrent disease, and as such can usually  
be considered a starting point for more in-depth 
investigation (Mazzaferri and Kloos, 2002; Haugen 
et al., 1999).

131I Therapy of DTC: Outcomes

A beneficial effect has been demonstrated from the 
use of 131I for post-operative ablation of thyroid rem-
nant in patients at intermediate risk for disease recur-
rence (Mazzaferri and Jhiang, 1994; Samaan et al., 1992; 
Jonklass et al., 2006). Patients with disease outside the 
neck who respond to 131I therapy have significantly 
longer survival than those who do not (Maheshwari 
et al., 1981). There can be considerable impact for 131I 

Figure 104.4 Initial post-operative 131I scan showing prominent 
post-surgical remnant and absent laboratory evidence of persist-
ent thyroid tissue (Tg  0.5 ng/ml; TgAb 20 IU/ml).

Post-thyroidectomy 131I scan
Tg-negative/TgAb-negative
72 h uptake: 3.3%; TSH: 219 µIU/ml
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therapy of distant metastases within the lung. Ten-year 
survival for patients treated with 131I for lung metas-
tases evident only on post-treatment whole body survey 
has been reported to be 100% (Figure 104.5). The sur-
vival statistics are lower, but still impressive, for disease 
seen on pretherapy 131I imaging alone (91%) or with an 
accompanying micronodular pattern on CT scan (63%) 
(Schlumberger et al., 1996). Macronodular lung tumor 
is considerably more difficult to treat with 131I, and bone 

metastases represent an even greater therapeutic chal-
lenge (Figure 104.6). Dominant or solitary skeletal sites 
optimally require a multidisciplinary team approach 
centering on surgery and/or external-beam radiotherapy 
(Schlumberger et al., 1996). However here, as well, 131I 
can have a role in treatment of residual disease (Figure 

104.4). A similar application for 131I is anticipated for 
rare individuals with isolated CNS metastasis (Chiu  
et al., 1997).

Figure 104.5 (a) Initial post-thyroidectomy 81.4 MBq (2.2 mCi) 131I scan showing persistent disease in cervical lymph nodes and dif-
fuse lung tumor with no evidence of parenchymal metastases on pre-operative CT thorax and negative serum thyroglobulin due to 
auto-antibodies (Tg  0.5 ng/ml; TgAb: positive at 400 IU/ml). (b) Confirmation of diffuse lung tumor on post-ablation scan. (c) Persistent 
neck disease on follow-up diagnostic 131I survey with equivocal pulmonic residual, treated this time with a dosimetry-guided 11.1 GBq 
(300 mCi) dose of 131I. (d) Negative diagnostic 131I scan at year 2.
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Figure 104.6 (a) Skeletal metastases (arrows) from follicular thyroid carcinoma on initial postoperative 131I scan. 
(b) Positive post-treatment images 1 week after 131I therapy. 
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Further Management

l-Thyroxine therapy

Following surgery and initial radioiodine therapy for 
DTC, patients are started on T4 replacement and enter 
a regular schedule of clinical follow-up, based largely on 
surgical findings and the results of post-therapy imaging. 
Studies have suggested that the recurrence rate of DTC is 
reduced by augmented administration of T4. However, the 
degree of TSH suppression required remains controversial 
(Burmeister, 1994). A retrospective European investigation 
showed it as an independent predictor of disease recurrence 
(Pujol et al., 1996). However, a prospective study in the 
US reported that when it was measured against other vari-
ables, the degree of TSH suppression taken alone did not 
predict those at greater risk for recurrent disease (Cooper 
et al., 1998). In the face of ongoing debate, it is recom-
mended that intermediate-stage patients who are clini-
cally free of disease be started on a dose of T4 sufficient 

to maintain serum TSH just below the lower limit of the 
normal range (0.1–0.4 IU/ml) (Cooper et al., 2006). If 
there is documentation of residual neck disease or distant 
metastatic tumor following initial therapy, the replacement 
dose of T4 is usually further augmented to limit or remove 
evidence of circulating TSH (0.1 IU/ml). Here, as else-
where, it is important to stress that patient management 
must be individualized, and that there may be patients 
who cannot tolerate such dose augmentation. An initial 
TSH assay is usually obtained at 12 weeks or on the first 
follow-up visit following post-operative 131I ablation and 
initiation of hormone replacement therapy. Using these 
results, the T4 dose is further adjusted. Close clinical fol-
low-up is the rule for such patients, with special attention 
to bone health and cardiovascular function.

Serum Tg testing and rhTSH

It is our practice to perform a stimulated Tg assay at the 
time of the initial post-operative 131I scans. This is repeated 
at 3 or 6 months on hormone replacement, and again at 
12 months both on and off supplementation at the usual 
time of the first follow-up 131I scan. Laboratory testing and 
131I scans are obtained to assess the efficacy of the ablative 
or therapy dose. These are both done in a stimulated state, 
either following hormone withdrawal, or rhTSH admin-
istration. While we do attempt to lessen the ill-effects of 
hormone withdrawal by routinely employing T3 during 
T4 withdrawal for imaging or therapy, we cannot down-
play the morbidity associated with the cessation of thyroid 
hormone. At present, we do not use rhTSH-stimulation 
for patients expected to receive ablation or therapy doses 
of 131I, as this would lead to further delay in preparation 
for the treatment dose, and use of rhTSH for therapy has 
not been proved equally effective. Thus, our choice of scan 
preparation (rhTSH vs. hormone withdrawal) is based 
largely on pretest risk assessment for the patient requiring 
additional treatment with 131I. There are other factors that 
warrant consideration in a decision to substitute rhTSH 
for the standard imaging preparation. Two large studies of 
rhTSH in diagnostic 131I protocols both demonstrated that 
less disease may be detected on 131I scans obtained follow-
ing rhTSH injection versus standard hormone withdrawal 
(Meier et al., 1994; Ladenson et al., 1997). A more recent 
investigation showed this difference to be less marked pro-
vided greater attention is paid to the scanning technique 
(Haugen et al., 1999). Here, the proposed technical modi-
fication involved a doubling of the tracer dose of 131I from 
74 to 148 MBq (2–4 mCi) to account for the increased 
renal clearance of free iodide in the rhTSH-stimulated 
patient. The more important point of this study was that 
the addition of stimulated Tg level to rhTSH-simulated 
imaging allowed for disease detection in all patients with 
recurrent tumors, excluding the negative effects of T3/T4 
withdrawal. While neither test is perfect, taken together 

(c)

RT Ant. LT LT Post. RT

Figure 104.6 (c) Negative follow-up 131I images 1 year 
post-therapy.
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they provide sufficient overlay for adequate monitoring. 
Serum Tg should be undetectable and the 131I scan nega-
tive when persistent thyroid tissue or thyroid carcinoma is 
not present.

Based on these results, we feel that using this com-
bined method for the follow-up of DTC is worthwhile to 
reduce morbidity for patients who are at relatively low risk 
for tumor recurrence requiring therapy. Moreover, use of 
rhTSH is a welcome and necessary addition for those who 
cannot mount a TSH response to hormone withdrawal 
because of a functioning tumor or pituitary insufficiency. 
It is also a needed, although yet unproven, alternative 
for the therapy of these and other patients who are sim-
ply unable to tolerate the prolonged effects of profound 
hypothyroidism due to disease location or comorbidity 
(i.e., CNS metastasis or cardiac insufficiency). Evidence of 
equivalent efficacy for use in the ablation of post-operative 
gland remnant continues to build (Pellegriti et al., 2001; 
Luster et al., 2005; Barbaro et al., 2006).

Frontiers in Therapy of DTC

Noniodine-avid tumor

When a tumor is no longer able to concentrate iodine, 
this in effect eliminates the second most effective tool in 
the therapeutic armament. There is conflicting evidence 
regarding the use of lithium carbonate to improve 131I 
retention and therapeutic efficacy in lesions demonstrating 
marginal uptake on diagnostic scans (Koong et al., 1999; 
Liu et al., 2006). In this regard, there are also case reports 
and laboratory investigations suggesting a possible role 
for pharmaceuticals approved for use in medical therapy 
of unrelated endocrine disorders, such as diabetes mellitus 
(thiazolidinediones) (Frohlich et al., 2005) and hyperc-
holesterolemia (HMG-CoA reductase inhibitors) (Wang 
et al., 2003), however, all of this warrants further study. 
Chemotherapy is of limited benefit in thyroid carcinoma. 
Single drug regimens, traditionally using anthracylines, 
report response in less than 40% of patients and efficacy 
has not differed significantly for multidrug regimens 
(Haugen et al., 1999; Santini et al., 2002). While small 
Phase II studies of paclitaxel have suggested some antine-
oplastic activity in anaplastic thyroid carcinoma, this is in 
no way sufficient to alter the uniformly poor prognosis at 
this extreme of the pathologic spectrum (Ain et al., 2000). 
A novel approach to disease control in more differentiated 
noniodine-concentrating thyroid tumors has centered on 
attempts to restimulate human sodium iodide symporter 
(hNIS) activity with redifferentiation regimens employ-
ing retinoic acids. However, the results are really no more 
encouraging, and although side-effects may be more toler-
able, outcomes are much the same as with cytotoxic chemo-
therapies. It is perhaps equally important to note that 
reported treatment effect is not correlated with renewal 

of symporter activity in all cases (Simon et al., 2002). 
Also of interest are studies describing the successful use of 
reverse transcriptase inhibitors, routinely employed in the  
treatment of human immunodeficiency virus (HIV) 
infection, for restoration of TSH-mediated 131I uptake 
and downregulation of tumor growth in undifferentiated  
anaplastic thyroid tumors (Landriscina et al., 2005). More 
recent in vitro work in anaplastic thyroid carcinoma points 
to an as-yet undisclosed transcriptional repressor pro-
tein or proteins interfering with hNIS expression and the 
potential for targeted inhibition of these molecules lead-
ing to a restoration of hNIS activity (Wei et al., 2007). 
Other novel therapies are being investigated in the US and 
abroad that look at gene inhibition, alternative growth 
modulators, anti-angiogenesis factors and the human 
immune system. Where feasible, all patients with pro-
gressive, noniodine responsive thyroid tumors should be 
encouraged to enter clinical trials through tertiary referral 
centers.

Summary and Conclusions

The importance of 131I for optimizing the initial man-
agement of DTC cannot be underestimated. An aggres-
sive approach is advocated, except in situations widely 
accepted to be low risk (e.g., female patients under age 
40 with tumors 1.0 cm in size confined to the gland). 
The presence of metastatic disease reduces the chance 
of survival in all patients. A loss of iodine-concentrating 
ability removes systemic radioiodine from the thera-
peutic equation and virtually eliminates the chances 
of cure for inoperable tumors. The role of chemother-
apy in noniodine responsive DTC is limited, and its 
benefit in advanced disease has not been established. 
For noniodine-concentrating tumors that cannot be 
approached surgically, external-beam therapy remains 
an option in the neck and for dominant foci of distant 
metastatic tumor (e.g., brain, bone). Any distant lesion 
showing the capacity for radioiodine uptake should 
also be addressed with 131I, as this will potentially treat 
additional disease not evident on a diagnostic survey. 
Referral to academic centers offering novel therapies for 
resistant disease is encouraged.

In conclusion, 131I has variable efficacy for detec-
tion and therapy of DTC in the post-surgical setting. In 
selected patients, its use in therapy can result in the cure of 
advanced-stage disease. Although its acute and long-term 
side-effect profile is not especially worrisome relative to 
other forms of systemic cancer therapy, the administration 
of 131I is not entirely without risk. Taking into account 
many of the issues described in this review, the adminis-
tration of 131I should be optimized in every case, and it 
should be applied judiciously to patients who can be 
expected to derive clinical benefit.
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Summary Points

l The ablation of postsurgical thyroid remnants with 131I 
has proven benefit for reduction of morbidity related to 
intermediate-stage thyroid tumors.

l Post-surgical diagnostic use of 131I WBS is important for 
accurate characterization of the true extent of disease in 
higher risk patients.

l Both pre and post-therapy 131I WBS have the poten-
tial to provide clinically relevant information that is not 
available through other testing.

l After surgical resection, 131I is the most effective  
means to deliver potentially curative radiation to sites 
of persistent or recurrent iodine-concentrating thyroid 
tumor.

l Optimized use of this radioisotope has the potential to 
improve outcome and greatly facilitates further manage-
ment of this disease.

l Emerging treatment paradigms incorporating rhTSH 
may further reduce morbidity associated with radioiod-
ine therapy of DTC.
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Abstract

Four to nine percent of the American population have ele-
vated serum thyroid-stimulating hormone (TSH) levels and 
normal thyroxine levels (subclinical hypothyroidism), while 
the prevalence of frank hypothyroidism (elevated serum TSH 
and low serum thyroxine) is 0.33–1%. The most compre-
hensive study to examine the prevalence of hypothyroidism 
in the United States population is the National Health and 
Nutrition Examination Survey (NHANES). In that study, 
the prevalence of hypothyroidism was lower in adolescents 
and in African Americans, and higher in the elderly, where 
elevated TSH levels were present in as many as 14% of 
Caucasian women. This is most likely due to the high preva-
lence of autoimmune thyroid disease in this age group. Iodine 
deficiency was not found to be a cause of hypothyroidism in 
an analysis of NHANES data. The prevalence of hypothy-
roidism in other ethnic groups living in the United States 
(e.g., Native Americans, Asians) is about the same as it is for 
Caucasians. Congenital hypothyroidism occurs in 2–4 per 
10000 births and is less prevalent in African Americans and 
more prevalent in Asian and Hispanic babies. Postpartum 
thyroiditis with hypothyroidism occurs after 6–9% of preg-
nancies in the United States. The prevalence of hypothy-
roidism in older people is in the range of 10–20%, which 
increases with age and in women. Thus, hypothyroidism, 
especially subclinical hypothyroidism, is a potentially signifi-
cant source of morbidity in the American population.

Abbreviations

NHANES  National Health and Nutrition 
Examination Survey

TSH Thyroid Stimulating Hormone

Introduction

As is discussed elsewhere in this volume, the United States 
is considered an iodine-replete nation. Although iodine 
intake may be decreasing, iodine insufficiency is not 
thought to be a cause of hypothyroidism or goiter in the 
United States. Therefore, in this chapter we will review 

the prevalence of hypothyroidism due to other etiologies 
in the large, ethnically and economically diverse society 
present in the United States.

Hypothyroidism in Adults

Population-based surveys of thyroid function in the United 
States are limited, perhaps due to the lack of a centralized 
health system. One of the most comprehensive surveys was 
the Colorado Thyroid Disease Prevalence Study, which 
analyzed over 25000 participants who attended health 
fairs throughout the state in 1995 (Canaris et al., 2000). 
The applicability of this survey to the general population 
was hampered by the potential bias of self-selection. Those 
curious or concerned enough about their health to attend 
the events may not be fully representative of the state’s 
overall population. In comparing the participants to census 
data, the investigators reported that the study’s adult sub-
jects were older than the state’s general population and had 
a higher proportion of women, Caucasians, and those with 
post-secondary education. In this nevertheless informative 
cohort, the overall prevalence of thyroid-stimulating hor-
mone (TSH) levels greater than 5.1 mU/l was 9.4% of the 
study group: 9.0% of the group had elevated TSH with 
normal T4 levels and thus were subclinically hypothyroid, 
while 0.4% of the group also had low T4 and were thus 
classified as clinically hypothyroid. Six percent of the study 
group subjects were taking thyroid medication at the time 
of the survey. Eighteen percent of these were subclinically 
hypothyroid (this group constituted 1% of the overall 
study population). As in other studies, the percentage of 
subjects with elevated TSH rose steadily with age, from 4%  
of women and 3% of men at age 18–24 to 21% of women 
and 16% of men greater than 74 (Figure 105.1).

The most comprehensive prevalence data for the United 
States come from the National Health and Nutrition 
Examination Survey (NHANES), a now-continual series 
of cross-sectional studies of the American population,  
which seek to assess the health status of both adults and 
children throughout the nation. NHANES III, which was 
conducted from 1988 to 1994, is the most recent com-
plete data set to be analyzed. Certain population groups, 
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such as young children, the elderly, African Americans 
and Mexican Americans, were oversampled to make 
the study group more representative of the total United 
States. Each person sampled is mathematically weighed 
to represent a specific number and proportion of peo-
ple in the American population. The analysis of thyroid  
status was published in 2002 (Hollowell et al., 2002). In 
the total population, 0.3% were found to have clinical  
hypothyroidism and 4.3% had subclinical hypothy-
roidism. Of those not pregnant and not taking estro-
gens, 0.3% were clinically hypothyroid and 4.2% were 
subclinically hypothyroid. In the population self-report-
ing thyroid disease or goiter, or taking thyroid medica-
tion, 2.2% were clinically hypothyroid and 12.8% were 
subclinically hypothyroid. In the reference population, 
self-reported to be disease-free (also not taking estrogens, 
androgens, without thyroid antibodies), 0.2% had clinical  
hypothyroidism and 3.9% had subclinical hypothy-
roidism. There were significant ethnic differences among 
the American populace. In the total population and in all 
three subgroups, African Americans had significantly lower 
frequency of both clinical and subclinical hypothyroidism, 
with percentages generally less than half that of the total 
population. The prevalence of positivity for antithyroid  
antibodies was greater in women than in men and 
increased with age, paralleling the prevalence of subclinical 
hypothyroidism, which was 10–14%.

In a further analysis of the NHANES III data aimed at 
assessing the possibility of iodine deficiency in the current 
United States population, Haddow et al., (2007) analyzed 
results from over 11000 adult men and nonpregnant women 
aged 21 and above. Median urinary iodine concentration 
followed a U-shaped distribution, but the median I/Cr 

was higher among women and increased steadily with age 
in both genders. Median T4, TSH and I/Cr were all lower 
in African Americans than in Caucasians. In a multivariate 
analysis, I/Cr had only a very weak association with TSH. 
Most importantly, the study found no association between 
low urine iodine and higher TSH or low T4 at the lowest 
deciles of urine iodine. Thus, at present, dietary iodine intake 
does not appear to play a significant role in the prevalence of  
hypothyroidism in the United States.

Other recent data regarding thyroid disease prevalence in 
the United States have been determined as a result of research 
on more focused issues, or in studies of specific groups within 
the overall population. While these studies may not be repre-
sentative of the population as a whole, they give important 
insights into the prevalence of hypothyroidism.

Davis et al., (2004) conducted a large population-based 
study in seven counties in Washington surrounding the 
Hanford Nuclear Site, to determine the relationship between 
chronic atmospheric 131-iodine exposure in infancy and 
childhood, (median: 97 mGy) and thyroid disease. The 3440 
subjects ranged in age from 35 to 53 at the time of the study. 
There was no relationship between radiation dose and the 
prevalence of any thyroid abnormality, but this study does 
shed light on the frequency of thyroid disorders in this rela-
tively young population. The prevalence of hypothyroidism, 
defined by elevated TSH levels, was 7.8% (11.2% of women 
and 3.7% of men). However, data on frank hypothyroidism 
are not separately reported. These Hanford data may reflect 
the prevalence in broader populations not exposed to radio-
iodine, since this study found no dose–response effect of 
radioiodine exposure on TSH ( p  0.61).

There has been considerable interest in recent years in 
studying thyroid disease prevalence in underserved American 

Figure 105.1 Percentage of attendees at health fairs who had elevated serum TSH levels, shown by gender and age. Adapted from 
Canaris et al., (2000) with permission.
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populations, including Native Americans. Five-year occur-
rence rates were studied for chronic diseases in the territory 
of the Akwesasne Mohawk Nation, which lies along the 
St Lawrence River in New York State and the Canadian prov-
inces of Quebec and Ontario. This population was followed-
up from 1992 to 1996, with over 9000 individuals enrolled 
for close to 35000 person-years. Over that time period, the 
frequency of overt hypothyroidism for the entire popula-
tion, aged 0–75 years, was 1.4% (2.4% in females, 0.35% 
in males). There was a steady increase with age: the rates per 
100000 were 0–14: 125; 15–29: 147; 30–44: 1263; 45–59: 
2204; 60–74: 4588; and 75  : 5641 (Negoita et al., 2001).

A similar study was conducted by retrospective chart 
review of all attendees in 1998 of a rural health center serv-
ing another northeastern US tribe of Native Americans. 
Clinical hypothyroidism was identified in 2.8% of all 
patients. There were significant differences in gender: 
5% of women but only 0.2% of men were identified as 
hypothyroid (Michalek et al., 2000).

Other American subpopulations have also been examined.  
The Study of Women’s Health Across the Nation (SWAN) 
was a community-based cross-sectional analysis of American 
women in mid-life (Sowers et al., 2003). Over 3000 subjects,  
aged 42–52 and representative of all ethnic groups, were 
enrolled from seven sites; 6.2% of this group had TSH levels  
greater than 5.0 mU/l (0.1% were being suboptimally 
treated for hypothyroidism), and 1.5% had levels greater 
than 10.0 mU/l. African American women had significantly 
lower TSH values than Caucasians and a significantly lower 
percentage of elevated TSH (3.6% vs. 8.5%). Hispanic 
and Chinese women had TSH profiles similar to those of 
Caucasians, but very few women of Japanese background 
had elevated TSH (1.4%). Table 105.1 summarizes the  
prevalence data in studies of American populations.

Congenital Hypothyroidism and 
Adolescents

The frequency of hypothyroidism has been studied in some 
specific circumstances in the United States. The chief among 
these has been congenital hypothyroidism, which has long 
been seen as one of the most common preventable causes of 
mental retardation. Screening for congenital hypothyroidism 
began in North America in 1972. Dussault et al. summa-
rized the first million newborns screened at three sites in the 
United States and two in Canada. Primary hypothyroidism 
was identified in one in 4254 births; secondary–tertiary 
hypothyroidism occurred in one in 100000 births. In addi-
tion, the prevalence of TBG deficiency was found to be one 
in 8913 births (Fisher et al., 1979).

Screening for congenital hypothyroidism is mandatory 
throughout the United States. Most locales initially test 
dried filter paper blood spots for T4 and follow-up with 
TSH for results in the lowest decile. It is estimated that 
as many as 10% of cases may be missed initially, because 
of either absent abnormalities at birth or errors in sample 
processing (Rhead and Irons, 2004).

This prevalence rate of congenital hypothyroidism has been 
generally quite similar in subsequent multiple reports. The 
Texas Department of Health’s Newborn Screening Program 
reported data collected from 1992 to 1998. Congenital 
hypothyroidism was identified in 4.18 per 10000 live births 
(Strahan et al., 2002). Contemporary data from a neighbor-
ing state, Oklahoma, were reported for 1997; there were 2.39 
cases per 10000 (King and Bryant, 1999).

Roberts et al., (1997) reported the results of an inten-
sive study of congenital hypothyroidism and associated 
birth defects in Atlanta, Georgia, between 1979 and 1992. 
Cases were identified from the Georgia Newborn Screening 
Program and from a separate subsequent population-based 
surveillance system for birth defects. The frequency of 
congenital hypothyroidism in these combined databases 
was one in 5000 births. Significant ethic differences were 
reported; non-Hispanic whites had a prevalence of 1:4400, 
while blacks had a prevalence of 1:10000. The prevalence 
in females was 1:4000, while it was 1:7700 in males. Of the 
87 infants identified with congenital hypothyroidism, three 
had Down syndrome and seven had other major structural 
defects. The authors calculated that infants with Down syn-
drome have a 35-fold increased risk of congenital hypothy-
roidism compared with the general population.

Over five million newborns were screened in California 
between 1990 and 1998. The frequency of congenital 
hypothyroidism was 3.58 per 10000, quite similar to other 
reports. Infants weighing less than 2000 g or more than 
4500 g had a two-fold or greater frequency of hypothy-
roidism when compared with other newborns. The decreased 
risk of black infants versus white was again observed (preva-
lence in Caucasians was normalized to 1.0; the prevalence 
in African Americans was 0.3); there was an increased 

Table 105.1 Prevalence of hypothyroidism (%) in adult Americans

Newly identified  
hypothyroid

Authors Patient source Subclinical Clinical

Canaris et al.,  
 (2000)

Health Fair participants 9 0.4

Hollowell et al.,  
 (2002)

National Health data 4.3 0.3

Davis et al.,  
 (2004)

Radioiodine exposed 7.8

Sowers et al.,  
 (2003)

Perimenopausal women 6.2

Negoita et al.,  
 (2001)

Native American tribe 1.4

Wu et al.,  
 (2006)

Adolescents (National  
 Health data)

1.7

Note: Subclinical  elevated serum TSH with normal total or free 
thyroxine; clinical  elevated serum TSH with low total or free 
thyroxine.
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 prevalence in Hispanic, Filipino Chinese and Vietnamese, 
newborns, (1.3 to 1.6) and an even higher risk in Asian 
Indians and in Hawaiians (2.9 and 2.6). Increased rates in 
females compared to males were seen in White, Hispanic, 
Filipino and Chinese infants. However, Black infants did not 
have a gender difference (Waller et al., 2000). The reasons 
for these differences remain to be elucidated.

A subset of these California data was studied by Buffler 
et al., (1998) to determine if increased concentrations of 
perchlorate in drinking water were associated with altera-
tions in the frequency of congenital hypothyroidism. For 
newborns in 1997 and 1998, no association was found 
between perchlorate concentrations greater than 5 g/l and 
the prevalence of congenital hypothyroidism.

A recent report examined another population subset  
comprising adolescents who were sampled in NHANES III 
(Wu et al., 2006). There were 1327 subjects aged 13 to 16 in 
the study, who had measurements of T4 and TSH and took 
part in a cognitive assessment. No clinical hypothyroidism 
was identified, and 1.7% of subjects were subclinically 
hypothyroid. Quite interestingly, the subjects with subclinical  
hypothyroidism had significantly better scores than the 
euthyroid subjects in block design and reading, even after 
adjustment for gender, age and family income.

Postpartum Hypothyroidism

Women who have recently been pregnant comprise an 
important subpopulation that is frequently studied to  
elucidate the prevalence of hypothyroidism. While there 
are no large population-based reports to date, there are  
considerable data on the frequency of hypothyroidism in 
relatively small groups of patients. Postpartum lymphocytic 
thyroiditis results in transient hypothyroidism, with up to 
one quarter of patients eventually becoming permanently 

hypothyroid (Solomon et al., 1993; Othman et al., 1990); 
however, a recent report from Spain claims that 56% of 
such patients became hypothyroid after a mean of 8 
years (Lucas et al., 2000). Although the frequency of this  
disorder in postpregnant women has been reported to vary 
worldwide from 1.6% (Freeman et al., 1986) to as much 
as 16.7% (Fung et al., 1988) of pregnancies, the majority  
of studies in North American women find postpartum 
thyroiditis after 6–9% of pregnancies (Nikolai et al.,1987; 
Stagnaro-Green et al., 1992; Walfish et al., 1992). There 
is some evidence that the prevalence of this disorder may 
be significantly lower in African Americans (Hayslip  
et al., 1988) and higher in women with type 1 diabetes 
(Stagnaro-Green et al., 1992).

Hypothyroidism in Older Adults

As was mentioned in reviewing the overall population 
studies, hypothyroidism occurs with higher frequency in 
the elderly. Table 105.2 summarizes investigations of this 
population. The original Framingham, Massachusetts 
cohort population was studied two decades ago for the 
prevalence of hypothyroidism. Utilizing now-obsolete 
radioimmunoassays for TSH, 4.4% of the population over 
60 had TSH levels greater than 10 mU/l. Of this group, 
39% were frankly hypothyroid while the remainder had 
subclinical hypothyroidism with serum total T4 levels in 
the lower half of the normal range. Women were more 
than twice as likely to be frankly hypothyroid than men. 
Another 5.9% of the cohort had TSH levels between 5 and 
10 mU/l (Sawin et al., 1985).

A more modern study examined thyroid function patients 
attending a university geriatrics primary care clinic. In a ret-
rospective chart analysis of 370 patients, 23.5% presented 
with a history of known hypothyroidism or thyroid surgery. 

Table 105.2 Prevalence of hypothyroidism (%) in elderly Americans

Previously identified Newly identified

Authors Patient source Clinical Subclinical

Clinical Subclinical

Men Women Not specified

Sawin et al., (1985) Framingham 1.9 3.3 7.7 2.5
Bemben et al., (1994) Geriatrics clinic 23.5 1 15.4 14.6
Lindeman et al., (1999) Enrolled in medicare 12.8 13.5
Canaris et al., (2000) Health Fair 

 participants
12 18

Cappola et al., (2006) Community 1.6 15
Hollowell et al., (2002) National Health data 14
Negoita et al., (2001) Native American tribe 18

Note: All study subjects were 65 or more years old in all studies except in the study by Sawin et al., where subjects were 60 or more 
years old. Subclinical  elevated serum TSH with normal total or free thyroxine; clinical  elevated serum TSH with low total or free 
thyroxine.
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Of the 283 remaining patients, 14.6% of the women and 
15.4% of the men had elevated TSH levels greater than 5.0 
with normal free T4 levels, while 1% of each gender was 
overtly hypothyroid. The prevalence of thyroid dysfunction 
did not change with advancing age in this group (Bemben 
et al., 1994).

The New Mexico Elder Health Survey was a study of 
health issues in subjects older than 65 years, divided equally 
between Hispanic and non-Hispanic men and women 
selected randomly from the Medicare rolls of the city of 
Albuquerque. A cross-sectional study of 825 persons found 
12.8% already on thyroid medications, one-third of whom 
had elevated TSH levels. Another 15.4% had elevated TSH 
levels on screening. Figure 105.2 shows the distribution of 
TSH. Hispanic subjects had lower rates of hypothyroidism 
than whites, but this was significant only for women; 
overall, women were almost three times more likely to be 
hypothyroid than men (Lindeman et al., 1999).

A recent report examined the thyroid status of over 3000 
people over age 65 enrolled in the Cardiovascular Health 
Study. Like the New Mexico study, the cohort was identified  
from a random sample of home-dwelling Medicare eligible  
people in four counties from different locales across the 
United States. The study began in 1991–1993. Six percent  
of participants were already taking thyroid hormone at 
enrollment, and another 1.3% were excluded because they 
were taking other medications that could affect thyroid 
economy, including antithyroid drugs and glucocorti-
coids. In the remaining study group, 15% had subclinical 
hypothyroidism and 1.6% were clinically hypothyroid. This 
study also found gender differences, but these were small 
and confined to subclinical hypothyroidism. Women made 
up 59.6% of the study population; they comprised 64.7% 
of the subjects with subclinical hypothyroidism (which was 

a statistically significant difference) but 58.8% of those with 
clinical hypothyroidism (Cappola et al., 2006).

Hypothyroidism thus remains a significant source 
of morbidity in the American population. Within this  
iodine-replete population, relatively small differences in 
iodine intake do not appear to significantly affect the preva-
lence of this disorder. Although the risk of hypothyroidism 
associated with postpartum thyroiditis is significant, the 
most important subpopulation at risk for hypothyroidism 
appears to be the elderly.

Summary Points

l  The prevalence of hypothyroidism in the American pop-
ulation is not affected by insufficiency of iodine.

l  In recent studies, 4–9% of the American population had 
elevated TSH levels, while the population prevalence of 
hypothyroidism was 1/3 to 1%.

l  The prevalence of hypothyroidism appears to be lower 
in adolescents and in African Americans compared to 
the rest of the population.

l  Congenital hypothyroidism, identified in mandatory 
screening programs, appears to occur in 2–4 babies per 
10000 births. This is less prevalent in African Americans 
and more prevalent in Asian and Hispanic babies than 
in the general population.

l  Postpartum thyroiditis with hypothyroidism occurs after 
6–9% of pregnancies in the United States.

l  The prevalence of hypothyroidism appears to be higher 
in the elderly population, where elevated serum TSH 
levels may be present in as many as 20% of people.
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Abstract

Thyroid hypofunction is common in adults in middle age 
and in the elderly, especially among women. Autoimmune 
thyroiditis is the most frequent etiology of hypothyroidism 
in iodine-sufficient areas. Postoperative hypothyroidism, 
treatment of hyperthyroidism, thyrotropin deficiency, 
iodine excess, use of certain drugs, and subacute and 
painless thyroiditis are also recognizable causes of thyroid 
hypofunction. Symptoms of hypothyroidism are highly 
variable, depending on age, time of evolution and degree 
of thyroid failure. A great part of the clinical manifesta-
tions are not specific and may be confounded with the 
normal ageing process. Atypical manifestations and oligo-
symptomatic forms of presentation are common in the eld-
erly. A high index of suspicion and appropriate laboratory 
tests are necessary to diagnose hypothyroidism in middle 
age and, in particular, in the elderly. In the absence of an 
acute nonthyroidal illness or its recovery phase, elevated 
serum thyrotropin and low free thyroxine concentrations 
are diagnostic of primary hypothyroidism. Patients with 
central hypothyroidism usually present with low thyrox-
ine levels and normal or low thyrotropin concentrations. A 
limited number of investigations are needed for etiological 
diagnosis in most patients. Morphological and functional 
studies of the pituitary gland are indicated in patients with 
central hypothyroidism.

Abbreviations

NHANES  US National Health and Nutrition 
Examination Survey

rT3 Reverse triiodothyronine
T3 Triiodothyronine
T4 Thyroxine
TBG Thyroxine-binding globulin
TGAb Thyroglobulin antibodies
TPOAb Thyroid peroxidase antibodies
TRH Thyrotropin-releasing hormone
TSH Thyrotropin

Introduction

Thyroid hypofunction is the most common hormo-
nal deficiency in the general population (Roberts and 
Ladenson, 2004). The prevalence of hypothyroidism seems 
to rise with age, and is clearly higher in middle age and the 
elderly in relation to the younger population. However, 
hypothyroidism in aged people may go unnoticed because 
of its paucity of clinical manifestations, or because many of 
the clinical signs and symptoms are unspecific and may be 
confounded with the normal ageing process (Díez, 1998). 
We herein review the main clinical aspects of this common 
condition in middle age and in the elderly.

Ageing and Thyroid Function

Ageing is accompanied by a decrease in iodine uptake by 
the thyroid gland, and a reduction in thyroid hormone 
synthesis and release. There is a decrease in the rate of 
production of thyroxine (T4) in the thyroid gland, and 
a decrease in triiodothyronine (T3) production, due to a 
decreased conversion rate of T4 to T3 by 5-monodeiodi-
nase in the peripheral tissues (Mariotti et al., 1995).

Free T4 concentrations did not show relevant changes in 
most aged people in relation to the young population. On 
the contrary, T3 levels show a gradual decrease with age-
ing. This decrease is slight in healthy elderly subjects, but is 
more relevant in patients with acute or chronic nonthyroidal 
illness, or under therapy with some drugs (Utiger, 1980). In 
the case of patients affected with severe nonthyroidal ill-
nesses, T3 concentrations are reduced, and the biologically 
inactive hormone reverse triiodothyronine (rT3) levels are 
increased (Chopra, 1997).

Normal, elevated, or reduced serum levels of thyrotro-
pin (TSH) have been reported in the geriatric popula-
tion. The Whickham study showed a progressive increase 
in TSH concentrations in women, associated with a rise 
in the titers of thyroid autoantibodies (Tunbridge et al., 
1977). Data from the US National Health and Nutrition 
Examination Survey (NHANES III) indicated that serum 
TSH values rose from a median value of 1.26 mU/l in 
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adults aged 20–29 years to 1.90 mU/l in elderly persons 
aged 80 or older (Hollowell et al., 2002). Variable results 
have also been reported for TSH responses to thyrotro-
pin-releasing hormone (TRH) stimulation in the elderly, 
although in general these responses show a decrease with 
ageing, especially in men (Erfurth et al., 1984).

Thyroid autoimmunity is characterized by the pres-
ence in the serum of antibodies against components of 
the follicular cells, mainly, thyroid peroxidase antibodies 
(TPOAb) and thyroglobulin antibodies (TGAb) (Jaume 
et al., 1995; Lazarus et al., 1984). Elevation of serum 
TPOAb are found in about 5% of adults and about 15% 
of older women (Tunbridge, 1979; Sawin et al., 1985; 
Vanderpump et al., 1995). Prevalence of these autoan-
tibodies is higher in iodine-sufficient areas in relation to 
areas with deficient iodine intake. Frequency of thyroid 
antibodies is also higher in women and increases with 
age. Some authors have reported that this age-dependent 
increase in the prevalence of thyroid autoantibodies has 
not been found when analyzing healthy elderly popula-
tions (Pinchera et al., 1995).

Epidemiology

Epidemiological surveys have reported the prevalence of 
hypothyroidism of between 0.4% and 5.9% in elderly peo-
ple (Sawin et al., 1979; Campbell et al., 1981; Parle et al., 
1991; Bemben et al., 1994; Díez et al., 2003; Wilson  
et al., 2006). In the Colorado Study (Canaris et al., 2000), 
the prevalence of overt hypothyroidism was 0.4% and that 
of subclinical hypothyroidism was 9%. In the NHANES 
III survey hypothyroidism was found in 4.6% (0.3% overt 
and 4.3% subclinical) of subjects (Hollowell et al., 2002). 
Both studies clearly showed that the prevalence of elevated 
TSH levels increased with age and was higher in women at 
all age groups.

Frequency of thyroid hypofunction is higher in the insti-
tutionalized elderly that in an ambulatory elderly popula-
tion (Simons et al., 1990). Nonthyroidal illnesses and drugs 
may alter thyroid function test and, thus, account for the 
higher prevalence of hypothyroidism in screening programs 
in institutionalized patients. Geographical location and eth-
nic characteristics also influence the results of epidemiologi-
cal surveys. In a population from a noniodine-deficient area 
we found a non-negligible prevalence of thyroid hypofunc-
tion (2.04%) in adults over age 60 years (Díez et al., 2003). 
Differences in dietary iodine intake in the diverse popula-
tions and methods to quantify thyroid hormone concentra-
tions also influence results (Robuschi et al., 1987).

Etiology

The main etiology of hypothyroidism in middle age and in 
the elderly in iodine-sufficient areas is autoimmune thyroid 

disease, both in its goitrous form (Hashimoto’s thyroiditis) 
and in its nongoitrous form (atrophic thyroiditis). This 
cause accounted for about half of the cases in our survey 
including 655 patients older than 55 years (Table 106.1) 
(Díez, 2002). Autoimmune thyroiditis is caused by cell and 
antibody-mediated destruction of the thyroid gland, and 
is characterized by lymphocytic infiltration of the thyroid 
and the presence of elevated titers of thyroid autoantibod-
ies in the serum, mainly TGAb and TPOAb (Amino, 1988; 
Dussault and Rousseau, 1987; Lazarus et al., 1984).

Post-operatory hypothyroidism is a consequence of par-
tial or total thyroidectomy in patients with nodular goiters 
or thyroid tumors. This etiology was found in about one 
fourth of our patients. Patients with surgical procedures in 
the neck may also develop thyroid hypofunction, especially 
in cases in which surgery is combined with radiotherapy 
(Griffin, 1990).

Hypothyroidism may also be produced as a consequence 
of therapy for hyperthyroidism, and this cause represented 
about 10% in our survey. Hypothyroidism after therapy 
with iodine-131 is not infrequent in aged people because 
of the wide use of radioiodine in the therapy of hyperthy-
roidism (Bartuska, 1991; Huysmans et al., 1997). Subtotal 
thyroidectomy is another cause of hypothyroidism as a 
consequence of therapy for previous hyperthyroidism 
(Maier et al., 1984).

Iodine deficiency is the most common cause of hypothy-
roidism worldwide, but it is uncommon in developed coun-
tries where there is sufficient intake of iodine in the diet 
(Delange, 1998; Delange et al., 2001). Iodine administration 
is another cause of thyroid hypofunction (Allen et al., 1986; 

Table 106.1 Etiology of hypothyroidism in a group of 655 
patients older than 55 years

Overt 
hypothyroidism 
(n  474)

Subclinical 
hypothyroidism* 
(n  181)

Total 
(n  655)

Autoimmune  
 thyroiditis

202 (42.6) 106 (58.6) 308 (47.0)

Post-operative  
 hypothyroidism

169 (35.7) 6 (3.3) 175 (26.7)

Treatment of  
 hyperthyroidism

53 (11.2) 10 (5.5) 63 (9.6)

Thyrotropin  
 deficiency

15 (3.2) 0 (0) 15 (2.3)

Iodine excess 4 (0.8) 2 (1.1) 6 (0.9)
Subacute  
 thyroiditis

1 (0.2) 1 (0.6) 2 (0.3)

Unknown etiology 30 (6.3) 56 (30.9) 86 (13.1)

Note: Figures in brackets indicate the percentage of each 
etiological group in relation to the number of patients with overt 
or subclinical hypothyroidism or the total number of patients.
Source: Data from Díez (2002). Reproduced with permission of 
the Gerontological Society of America.
*P  0.001 (2 analysis) for the distribution of etiologies in groups 
of overt and subclinical hypothyroidism.
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Markou et al., 2001), and this was the case in about 1% of 
our patients. Iodine excess inhibits iodine organification and 
T4 and T3 synthesis (Wolff–Chaikoff effect). Normal subjects 
escape from this effect; however, patients with abnormal 
 thyroid gland do not and may develop thyroid hypofunction. 
Iodine also inhibits thyroid hormone release and decreases 
serum T4 and T3 levels (Woeber, 1991). Furthermore, 
iodine seems to be an important factor in thyroid autoim-
munity in genetically predisposed individuals (Laurberg  
et al., 2000, 2005).

Oral cholecystographic agents inhibit thyroid hor-
mone release because of its iodine content and also inhibit 
T4 to T3 conversion (Roti et al., 1988). Amiodarone, 
a potent antiarrhythmic drug, has 37% of its molecu-
lar weight as iodine and may cause hypothyroidism in 
4–20% of patients (Basaria and Cooper, 2005). Lithium 
impairs thyroid hormone formation and interferes with 
glandular hormone release (Livingstone and Rampes, 
2006; Bocchetta and Loviselli, 2006), causing hypothy-
roidism in about 10% of patients. Other drugs that may 
cause hypothyroidism are thionamides, interferon alpha, 
 interleukin-2, sulfonamides, sulfonylureas, ethionamide, 
p-aminosalicylic acid, phenylbutazone, aminoglutethim-
ide, thalidomide and stavudine (Cavalieri, 1991; Davis 
and Franklyn, 1991; Carlson et al., 1999).

Patients with hypothyroidism who are taking levothyroxine 
may become hypothyroid if given drugs that decrease T4 
absorption (cholestyramine, iron salts, calcium carbonate, 
aluminum hydroxide, sucralfate, raloxifene, omeprazole, 
dietary soy and fiber), increase its clearance (phenytoin, car-
bamazepine, phenobarbital, rifampin), or decrease T4 to T3 
conversion (amiodarone, glucocorticoids, propranolol).

Subacute thyroiditis exhibits easily recognizable clinical 
features. It is not a common cause of hypothyroidism in the 
elderly. Painless thyroiditis is also infrequent in aged people. 
These conditions may cause transient hyperthyroidism fol-
lowed by a transient permanent thyroid hypofunction phase. 
Infiltrative diseases affecting the thyroid gland (Riedel’s 
thyroiditis, hemochromatosis, scleroderma, leukemia, amy-
loidosis) and infections are rare causes of hypothyroidism at 
all ages. Toxic injury to the thyroid gland has been reported 
after exposure to polybrominated biphenyls and polychlorin-
ated biphenyls (Roberts and Ladenson, 2004).

The frequency of secondary or central hypothyroidism 
in adult patients is clearly lower than that of primary 
 thyroid failure (Table 106.1). This form of hypothyroidism 
arises from diseases that interfere with the synthesis and 
release of hypothalamic TRH or pituitary TSH (Rose, 
2001; Asteria et al., 2001). The most common causes are 
pituitary adenomas and their therapy by surgery or radio-
therapy. Less frequent causes of central hypothyroidism 
are hypothalamic tumors (craniopharyngioma), infiltrative 
 diseases, head trauma, lymphocytic hypophysitis, infections,  
infarction and metastases (Beck-Peccoz et al., 1996;  
Rose, 2001).

Clinical Manifestations

Signs and symptoms usually associated with thyroid 
 hypofunction in middle age and in the elderly are summa-
rized in Table 106.2. Clinical presentation of hypothyroidism 

Table 106.2 Clinical manifestations of hypothyroidism in middle 
age and the elderly

General
 Cold intolerance
 Fatigue, weakness
 Anorexia, weight loss
 Hoarseness
 Hypothermia
 Falls
 Incontinence
Skin
 Dry, cool and pale skin
 Coarse skin
 Periorbital oedema
 Hair loss, brittle nails
 Nonpitting oedema (myxoedema)
Nervous system
 Somnolence
 Cognitive dysfunction, impaired memory
 Slow movements, slow mental processing
 Delayed relaxation of tendon reflexes
 Myalgia
 Decreased hearing
 Depression, apathy
 Nerve entrapment syndromes
 Ataxia
Cardiovascular system
 Bradycardia
 Ischemic heart disease
 Hypertension
 Pericardial and pleural effusion
 Decreased exercise capacity
 Congestive heart failure
Gastrointestinal system
 Constipation, ileus
 Enlargement of the tongue
 Ascites
 Decreased taste sensation
 Megacolon
Respiratory system
 Shortness of breath on exertion
 Hypoventilation
 Reduced pulmonary responses to hypoxia and hypercapnia
 Sleep apnoea
Laboratory abnormalities
 Hypercholesterolemia
 Hyponatremia
 Reversible serum creatinine elevation
 Hyperprolactinemia
 Anemia
 Prolonged bleeding time, abnormal platelet aggregation
 Creatine phosphokinase elevation
 Hyperhomocysteinemia
 Low sex hormone-binding globulin

Note: Main clinical manifestations of hypothyroidism are 
summarized according to the main system affected.
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in the elderly characteristically lacks many of the symptoms 
frequently present in young people (Tachman and Guthrie, 
1984; Robuschi et al., 1987). Less than a third of 2000 
geriatric inpatients showed typical signs and symptoms of 
hypothyroidism in a study (Bahemuka and Hodkinson, 
1975). The presence of only a few or unspecific symptoms 
is common in the middle age and the elderly (Gambert, 
1985; Griffin, 1990; Laurberg et al., 2005; Levy, 1991; 
Díez, 1998; Stuck and Mcfarland, 1991; Doucet et al., 
1994). This is the case of symptoms such as confusion, ano-
rexia, akinesia, cold intolerance, somnolence, constipation, 
apathy, ataxia, or hyporeflexia. Psychiatric manifestations 
are common in the elderly and include neurocognitive defi-
cits, dementia, psychosis, depression and paranoia.

Clinical manifestation of hypothyroidism may be atypical 
in the elderly (Klein and Levey, 1984). Nonclassical presen-
tations of hypothyroidism include congestive heart failure, 
pericardial and pleural effusions, ileus and intestinal pseudo-
obstruction (Tachman and Guthrie, 1984). Hypothyroidism 
is to be suspected from some pathological alterations, such 
as electrocardiographic changes (low voltage of the QRS 
complex, inverted or flat T waves) or laboratory abnormali-
ties. Elevation in the serum levels of total and low-density  
lipoprotein cholesterol is a common finding.

Biochemical Diagnosis

Figure 106.1 outlines a simplified procedure to evaluate an 
elderly patient with abnormal TSH values. Serum T3 con-
centration has a limited value in the diagnosis of thyroid 
hypofunction, because it is frequently reduced in nonthy-
roidal illnesses and in normal elderly subjects. Total T4 is 
clearly reduced in the presence of overt hypothyroidism; 
however, its serum levels can be reduced in the presence 
of a decrease of thyroxine-binding globulin (TBG) con-
centrations, as seen in patients on therapy with androgens, 
anabolizing steroids and glucocorticoids. On the other 
side, normality in total T4 concentrations does not exclude 
the diagnosis of hypothyroidism or the need for replace-
ment therapy. Free T4 concentration is not affected by the 
above-mentioned conditions and is, therefore, necessary to 
confirm thyroid hormone status.

Normal values for baseline TSH concentrations are 
slightly variable according to age, ethnicity, geographi-
cal location and laboratory assays. The recent guidelines 
published by a clinical consensus panel selected the ref-
erence range of normal TSH as 0.45–4.5 mU/l (Surks 
et al., 2004). Serum TSH may be found elevated even 
before a reduction in T4 or T3 levels is evident (sub-
clinical hypothyroidism). With the progressive loss of 
thyroid function both T4 and T3 levels are reduced and 

Figure 106.1 Evaluation of patients with abnormal serum thyrotropin (TSH) concentrations. Schematic algorithm for the evaluation of 
a patient with abnormal thyrotropin (TSH) with an indication of the most common diagnoses in the absence of nonthyroidal illnesses and 
drugs affecting thyroid hormone concentrations. Abbreviations: ↑, high; ↓, low; n, normal; FT4, free thyroxine; FT3, free triiodothyronine; 
L-T4, levothyroxine.
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TSH levels are increased (overt hypothyroidism). Some 
authors reported that individuals with TSH values in 
the upper half of the reference range had a higher mean 
serum cholesterol level than those with low-normal TSH 
levels (Michalopoulou et al., 1998). Accordingly, some 
authorities (National Academy of Clinical Biochemistry) 
have proposed to lower the upper limit for TSH levels 
to 2.5 mU/l (Baloch et al., 2003; Wartofsky and Dickey, 
2005). This criterion has been criticized because it would 
result in an overdiagnosis of subclinical hypothyroidism 
and an increase in the number of patients on unneces-
sary replacement therapy (Surks et al., 2005; Díez et al., 
2005).

In patients with central hypothyroidism TSH levels may 
be low because of decreased production, or inappropriately 
normal or only modestly elevated as a result of synthesis 
of a TSH molecule with reduced bioactivity (Beck-Peccoz  
et al., 1985). The development of ultrasensitive TSH 
assays has made it unnecessary to perform a TRH stimula-
tion test for the diagnosis of most hypothyroid patients.

Several conditions or drugs may induce an elevation of 
TSH in the absence of hypothyroidism (Table 106.3). In 
patients with severe nonthyroidal illnesses TSH may be 
suppressed because of the disease process, or because of 
medications such as glucocorticoids, dopamine and dob-
utamine. This illness- or drug-induced suppression of 
TSH may mask a mild primary hypothyroidism. On the 
contrary, during the recovery phase of a severe nonthyroi-
dal illness, TSH may be transiently elevated.

Table 106.3 Causes of increased serum thyrotropin 
concentrations

Insufficient treatment of primary hypothyroidism
Over-treatment of hyperthyroidism
Recovery phase of thyroiditis
Recovery phase of nonthyroidal illness
Primary adrenal insufficiency
Renal failure
Heterophilic antibodies
Pituitary hypersecretion of TSH
 TSH-secreting pituitary adenoma
 Thyroid hormone resistance (pituitary or generalized)
Drugs that induce thyroid hypofunction
 Iodine
 Lithium
 Oral cholecystogram dyes (sodium ipodate, iopanoic acid)
 Amiodarone
Drugs that induce pituitary secretion of TSH
 Metoclopramide
 Domperidone
 Sulpiride
 Haloperidol
 Chlorpromazine

Note: Thyrotropin concentrations may be found elevated in the 
serum in the presence of overt or subclinical hypothyroidism, and 
also in many clinical conditions that are summarized herein.

Etiologial Diagnosis

Clinical history, physical examination and a limited 
number of investigations are adequate to diagnose most of 
the etiologies of hypothyroidism listed in Table 106.2. The 
presence of thyroid autoantibodies in the serum is con-
sidered an indication of the presence of an autoimmune 
chronic thyroiditis as the cause of hypothyroidism. The 
presence of goiter denotes the goitrous form of chronic 
thyroiditis, whereas its absence indicates the diagnosis of 
an atrophic chronic thyroiditis. However, the absence of 
TPOAb does not exclude the diagnosis of autoimmune 
thyroid disease. We found that 5.6% of patients with 
autoimmune hypothyroidism did not show positivity for 
TPOAb (Díez, 2002), thus indicating a negativization of 
autoimmunity in some patients.

Previous total or subtotal thyroidectomy for nodular 
goiter and the presence of an increase in serum TSH level 
indicate the diagnosis of post-operative hypothyroidism. 
Loss of thyroid function may also occur after definitive 
therapy for previous thyrotoxicosis, either with radioiodine 
or thyroidectomy. Some patients may exhibit a transient 
phase of thyroid hypofunction after partial thyroidectomy 
or radioiodine therapy with recovery of function. Other 
causes of hypothyroidism, such as thyroid dysgenesis, infil-
trative diseases, iodine deficiency, iodine excess, painless 
thyroiditis and subacute thyroiditis are less common in the 
elderly and are usually easily recognizable by their clinical 
and analytical features.

The history may also detect the use of drugs that affect 
thyroid hormone synthesis, or may cause elevation of TSH 
values (Table 106.3). Prior cranial surgery or irradiation sug-
gests a central cause of hypothyroidism. Hypothyrotropic 
hypothyroidism should also be suspected in the setting of 
a known pituitary or hypothalamic disease, a mass lesion 
in the pituitary gland, or in the presence of symptoms and 
signs of other hormonal deficiencies. Morphological stud-
ies of the sellar and suprasellar region, as well as functional 
investigation of the pituitary gland are required to evalu-
ate the cause of central hypothyroidism and make the dis-
tinction between pituitary and hypothalamic conditions 
(Rose, 2001). Some patients with primary hypothyroidism 
may exhibit reversible pituitary gland enlargement due to 
hyperplasia of thyrotroph cells.

Summary Points

l  Hypothyroidism is a hormonal deficiency more frequent 
in the elderly than in young people.

l  In iodine-sufficient countries, autoimmune thyroidi-
tis and previous thyroid surgery and irradiation are the 
most common causes of thyroid hypofunction in mid-
dle age and in the elderly.

l  Hypothyroidism is easily overlooked or misdiagnosed in 
elderly patients.
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l  Clinical diagnosis of hypothyroidism may be difficult 
because of the lack of typical symptoms, or because the 
lack of specificity of symptoms in the elderly.

l  Usually elevated serum TSH levels and low T4 levels are 
enough to diagnose primary hypothyroidism in aged 
people, however, thyroid function tests may be affected 
by the ageing process, nonthyroidal illnesses and drugs.

l  Low T4 levels with normal-low TSH levels are character-
istically found in patients with central hypothyroidism.

l  In most patients, clinical history and physical examina-
tion and a limited number of investigations are enough 
to diagnose the cause of thyroid hypofunction.

l  Because of the clinical peculiarities of hypothyroidism in 
the elderly, this hormonal deficiency should be taken into 
account by all clinicians taking care of elderly people.
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Abstract

Oral levothyroxine is the treatment of choice for patients 
with hypothyroidism. Replacement therapy with levothy-
roxine requires a lower dosage in elderly individuals than 
in younger ones. Although replacement therapy is highly 
effective and safe, insufficient control of hypothyroidism 
and excess dosage (iatrogenic thyrotoxicosis) are common 
in clinical practice. Subclinical hypothyroidism (elevated 
thyrotropin with normal thyroxine and triiodothyronine 
levels) is more prevalent than overt thyroid hypofunc-
tion. The need for therapy for patients with this form of 
mild hypothyroidism is a matter of debate. A thorough 
and individualized study of every patient is recommended 
before deciding to treat with levothyroxine or monitoring 
thyroid function tests without therapy. All patients with 
myxedema coma require urgent therapy with supportive 
measures and thyroid hormone in an intensive care unit. 
Normalization of thyroid function is recommended before 
an elective surgical operation. Perioperative monitoring 
is mandatory in patients with hypothyroidism who need 
urgent surgery. Diverse opinions exist among scientific 
societies and clinical experts concerning the recommen-
dations for screening of thyroid hypofunction. Given the 
high prevalence of thyroid dysfunction, its detection in 
elderly people, especially in women, seems to be of interest 
for the community.

Abbreviations

T3 Triiodothyronine
T4 Thyroxine
TPOAb Thyroid peroxidase antibodies
TSH Thyrotropin

Replacement Treatment of 
Hypothyroidism

Oral administration of thyroxine (T4) is the treatment 
of choice for all forms of hypothyroidism. Other thyroid 
hormone preparations, including desiccated thyroid and 
triiodothyronine (T3) alone, should not be used for treat-
ment of patients with hypothyroidism (Levy, 1991). The 
absorption of T3 is very rapid, and high serum levels of  
T3 are reached rapidly. Furthermore, elderly persons are 
very sensitive to the effects of T3. A recent meta-analysis 
of controlled clinical trials has shown that there is no ben-
efit of combined T3 and T4 therapy when compared with 
T4 therapy alone (Grozinsky-Glasberg et al., 2006).

Enteral absorption of sodium levothyroxine is about 
80% in an empty stomach. T4 plasma half life is long 
(7 days), because of plasma protein binding. Levothyroxine 
administration provides normal serum levels of both T4 
and T3, the latter by 5-monodeiodination of T4 in the 
peripheral tissues (Vanderpump et al., 1996).

The average replacement dose in adults is 1.6–1.8 g/kg 
body weight per day. In the elderly, treatment with levo-
thyroxine has to be started with low doses (25–50 g/day), 
especially in the presence of cardiac disease (12.5–25 g/
day). Full replacement therapy should be reached by slow 
and progressive increments of dose, 25 g/day every 3–6 
weeks, to avoid adverse cardiovascular effects. Titration of 
the dose upward from a low starting dose is unnecessary in 
most young adults who are otherwise healthy (Roberts and 
Ladenson, 2004).

In the case of central hypothyroidism, pituitary-adrenal 
integrity should be evaluated before starting therapy 
because levothyroxine administration to patients with 
untreated secondary adrenal insufficiency may precipitate 
an acute adrenal crisis. Glucocorticoid therapy should be 
given with T4 if adrenal insufficiency is present.
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Drug interactions are also remarkable in elderly patients. 
Cholestyramine, iron, calcium carbonate and other drugs 
decrease the intestinal absorption of levothyroxine. Several 
antiseizure medications reduce the biological efficacy of 
thyroid hormones by stimulating their microsomal metab-
olism in the liver and by increasing fecal clearance of T4 
(Curran and DeGroot, 1991). Diphenylhidantoine and 
related compounds compete with thyroid hormones by 
binding to plasma proteins. Levothyroxine absorption may 
be reduced in patients with malabsorption or previous 
small bowel bypass surgery.

Adverse Effects of Levothyroxine

Therapy with levothyroxine is very safe, provided that thy-
roid hormone levels are monitored and maintained within 
the normal range. Excess doses of T4 are associated with a 
loss of bone mass. A meta-analysis of 41 controlled studies 
on the impact of thyroid hormone therapy on bone min-
eral density (Uzzan et al., 1996) has shown that doses of 
T4 that suppress thyrotropin (TSH) secretion are associ-
ated with a significant loss of bone in the lumbar spine and 
hip in postmenopausal women. Another review of the evi-
dence of the thyroid hormone effect of on skeletal integ-
rity concluded that hyperthyroidism and the use of thyroid 
hormone to suppress TSH seem to have an adverse effect 
on bone, especially in postmenopausal women (Greenspan 
and Greenspan, 1999); however, thyroid hormone replace-
ment seems to have a minimal effect on bone.

Oversuppression of TSH with levothyroxine may also 
cause remarkable adverse cardiac effects. In a Framingham 
study, a cohort of 2007 persons 60 years of age or older who 
did not have atrial fibrillation at baseline were evaluated in 
order to determine the frequency of this arrhythmia during 
a 10-year follow-up period. This study showed that subjects 
with TSH levels 0.1 mU/l presented a three-fold risk of 
developing atrial fibrillation in relation to subjects with 
 normal TSH values (Sawin et al., 1994). A recent prospective 
study performed in individuals aged 65 years or older demon-
strated that subjects with subclinical hyperthyroidism exhib-
ited a greater incidence of atrial fibrillation compared with 
those with normal thyroid function (Cappola et al., 2006).

A British study in a cohort of 1191 persons aged 60 
years or older also showed that subjects with TSH concen-
tration lower than 0.5 mU/l exhibited an increase in they 
risk of all-cause mortality and cardiovascular mortality 
(Parle et al., 2001). A US study, on the contrary, showed a 
statistically significant increase in mortality in the subclini-
cal hyperthyroidism group, which disappeared after adjust-
ment for age and sex (Cappola et al., 2006).

Control of Patients with Hypothyroidism

Patients should be evaluated 4–6 weeks after starting the 
therapy (Roberts and Ladenson, 2004). TSH and free T4 

should be measured, and the dose adjusted accordingly. 
Changes in levothyroxine dose should not be recommended 
within the first 3–4 weeks after the previous change. After 
identification of the proper maintenance dose, the patient 
should be examined once yearly, or more often if there is an 
abnormal result or a change in the patient’s status (Roberts 
and Ladenson, 2004). Patients with central hypothyroidism 
must be monitored clinically and by measurement of serum 
free T4, since serum TSH is of no value (Díez, 1998).

Normalization of TSH and thyroid hormone lev-
els should be the aim in all elderly patients with primary 
hypothyroidism. Some authors recommend restoring TSH 
values to the lower half of the normal range in patients with 
primary hypothyroidism, and maintaining free T4 values in 
the upper half of the normal range in patients with central 
hypothyroidism (Roberts and Ladenson, 2004). However, 
inadequate control of thyroid hypofunction has been 
reported in 37% of elderly patients treated with levothyrox-
ine (Sawin et al., 1989). In our cross-sectional study (Díez, 
2002), we found an adequate control of thyroid hypo-
function in 67.5% of a group of 385 evaluated patients 
under replacement doses of levothyroxine. 4.9% of these 
patients presented with analytical data suggesting excess 
dose, whereas in 27.5% the prescribed dose was insuffi-
cient. These data suggest that achieving adequate control 
in elderly people is not easy, and that untoward effects of 
excess or insufficient dose of levothyroxine are a real threat 
in these patients. In this study, inadequately controlled 
patients showed a significantly lower duration of therapy 
and higher age at diagnosis than those found in correctly 
controlled patients. Figure 107.1A shows the relationship 
between the duration of therapy and the percentage of 
patients who achieved adequate control of the disease. In 
a 2-year follow-up study performed in 56 newly diagnosed 
hypothyroid patients, we could achieve adequate control of 
hypothyroidism in 62.5% at 6 months, 82.1% at 1 year, 
and 87.5% at 2 years of therapy with levothyroxine (Figure 

107.1B). Thus, most patients can be adequately controlled, 
provided that effective therapy is administered for a suffi-
cient period of time.

Factors that affect control of thyroid function in elderly 
persons include noncompliance with therapy, variability in 
absorption, variation in the biological activity of levothyroxine 
tablets, or the influence of drugs on TSH levels. Rapid changes 
in levothyroxine dose may also cause delays in the control of 
patients. The half life of T4 is about 1 week, but is longer in 
patients with hypothyroidism. This is the reason why a lapse 
of 3–6 weeks would be needed for T4 concentrations to reach  
a steady state and to evaluate the need for a change in dose.

Treatment of Subclinical 
Hypothyroidism

Subclinical or mild hypothyroidism is defined by normal 
serum levels of T4 and T3, with mildly elevated serum 
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TSH concentrations (Cooper, 2001; McDermott and 
Ridgway, 2001; Chu and Crapo, 2001). The significance 
of slightly elevated TSH levels is uncertain, and there 
is growing debate on the appropriate management of 
patients with subclinical hypothyroidism (McDermott and 
Ridgway, 2001; Chu and Crapo, 2001).

The decision to treat a patient with subclinical hypothy-
roidism is based on the assumption that TSH elevation 
represents the first manifestation of a thyroid failure, espe-
cially in the presence of thyroid autoantibodies. Therefore, 
it is crucial to identify elderly patients with a high risk of 
progression to overt hypothyroidism to start replacement 
therapy without delay (Díez and Iglesias, 2004).

Some studies have shown that 18% of patients with 
subclinical hypothyroidism progress to overt hypothy-
roidism within 1 year and, therefore, need treatment with 
T4 (Parle et al., 1991). In the Whickham study the pro-
gression of subclinical hypothyroidism to overt hypothy-
roidism occurred in 2.6% of women every year, with 
elevated TSH levels (.6 mU/l), and in 4.3% of women 
every year, with both elevated TSH and positive thyroid 
autoantibodies. However, the percentage of patients with 
subclinical hypothyroidism who normalize their TSH con-
centrations is not negligible and ranges from 4% (Huber 
et al., 2002) to 37% (Díez and Iglesias, 2004), and even 
reaches 52% in some studies (Gussekloo et al., 2004).

In a prospective study on the natural course of spon-
taneous subclinical hypothyroidism in patients older 
than 55 years, we found that the only significant fac-
tor for progression to overt hypothyroidism was serum 

TSH concentrations. Patients with TSH between 5.0 and 
9.9 mU/l had a low risk of developing overt hypothy-
roidism (incidence rate: 1.8 cases per 100 patient-years). 
However, patients with TSH values over 10.0 and over 
15.0 mU/l exhibited a hazard ratio of about 10 and 28, 
respectively, for the development of overt hypothyroidism 
compared with patients with mildly elevated TSH (Díez 
and Iglesias, 2004).

The need for therapy in patients with subclinical 
hypothyroidism is a matter of debate, and recent clinical 
guidelines have investigated this topic (Surks et al., 2004). 
In the opinion of the authors, clinicians should consider the 
individual circumstances of every patient before prescribing 
therapy for subclinical hypothyroidism. Almost all middle- 
aged and elderly patients with TSH . 10 mU/l should 
be treated with levothyroxine, because the risk of overt 
hypothyroidism is elevated. Patients with TSH between 5 
and 10 mU/l have a low risk of developing overt hypothy-
roidism and should be monitored yearly to detect changes 
in TSH. More frequent monitoring is indicated in patients 
with positive TPOAb. Therapy may also be indicated in the 
presence of TSH between 5 and 10 mU/l and in some cir-
cumstances, such as the presence of goiter, depression, bipo-
lar illness, two TSH determinations higher than 8 mU/l, or 
a progressive increase in TSH levels. A therapeutic assay in 
patients with TSH . 5 mU/l and symptoms of hypothy-
roidism is also indicated (Surks et al., 2004).

Interestingly, it has been shown recently that high TSH 
levels were associated with a lower all-cause and cardiovas-
cular mortality and were not associated with a decline in 
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Figure 107.1 Adequate control of hypothyroidism as a function of the duration of therapy. The relationship between duration of 
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cognitive function, depressive symptoms, or disability in 
subjects aged 85 years (Gussekloo et al., 2004). These find-
ings suggest that mild subclinical hypothyroidism may not 
be associated with adverse outcomes in very old individuals, 
and that conservative management is appropriate in the 
very elderly.

Severe Hypothyroidism and  
Myxedema Coma

In elderly patients, especially those with multisystemic 
diseases, hypothyroidism may become severe and life 
threatening. Myxedema coma represents the most extreme 
form of severe hypothyroidism. This medical emergency 
may occur when severe hypothyroidism is complicated by 
trauma, infection, myocardial infarction, cold exposure, 
or administration of hypnotics or opiates, medications 
that suppress central nervous system function, particularly 
ventilatory drive. It typically presents in older women in 
winter. The main clinical features are hypothermia and 
a variable degree of altered consciousness (Iglesias et al., 
1999). Serum T4, TSH and cortisol should be measured 
to confirm the diagnosis and evaluate adrenal reserve. 
When there is a reasonably high level of suspicion, treat-
ment should not be delayed to await laboratory results.

Treatment must be aggressive and in an intensive care 
unit setting. Supportive measures are of extreme impor-
tance and include ventilatory support; fluid and electrolyte 
replacement to correct hyponatremia, hypoglycemia and 
hypotension; and physical measures to reverse hypother-
mia. Appropriate therapy for associated illnesses, such as 
infection, is mandatory. Glucocorticoids should be admin-
istered until the coexistence of an adrenal insufficiency can 
be discounted. High doses of hydrocortisone (50–100 mg 
every 6–8 h) during the first 7–10 days are recommended, 
and then the dose can be tapered on the basis of clinical 
response.

Thyroid hormone is the specific therapy for myxe-
dema coma (Wartofsky, 2006). A classic approach consists 
of administering an initial loading dose of 300–500 g of 
intravenous levothyroxine, followed by a daily maintenance 
dose of 50–100 g/day intravenously or by mouth when 
the patient becomes alert (Jordan, 1995). A drawback of 
this procedure is that the rate of conversion of T4 to T3 is 
reduced in myxedema coma. An alternative approach is 
administering T3 alone, 20 g in a bolus followed by 10 g 
every 4 h for the first 24 h, dropping to 10 g every 6 h for 
the second and third days. T3 therapy acts more rapidly. 
However, this treatment gives rise to unpredictable fluc-
tuations in serum T3 levels, and has been associated with 
a significantly greater risk of cardiac events and a higher 
mortality (Yamamoto et al., 1999). Combined therapy with 
both T4 and T3 may be a rational approach. In this case an 
initial dose of 200–300 g of T4 is given, followed by daily 

intravenous doses of 50–100 g/day until the patient can 
take the medication orally. T3 is given at an initial dose of 
5–20 g, followed by 2.5–10 g every 8 h depending on the 
patient’s age and co-morbidity (Iglesias et al., 1999).

Hypothyroidism and Surgery

Hypothyroidism is a condition that impairs cardiovascu-
lar and respiratory functions and, as a consequence, may 
adversely affect the outcome of a nonthyroidal surgical 
procedure.

Hypothyroid patients have depressed myocardial func-
tion. Impaired cardiac contractility with decreased cardiac 
output may be particularly important for surgical patients, 
especially in those with pre-existing heart failure. Bradycardia 
and other electrocardiographic abnormalities have been 
reported in hypothyroid patients in the perioperative period. 
Hypothyroidism induces impaired respiratory muscle func-
tion. Decreased maximal breathing capacity and diminished 
diffusing capacity for carbon monoxide have been reported 
in hypothyroid patients. Sleep apnea and obstruction of 
the upper airway as a consequence of macroglosia may also 
affect respiratory function and impair surgical outcome in 
hypothyroid patients (Stathatos and Wartofsky, 2003).

Elective surgery

In patients with known thyroid hypofunction and pro-
gramed surgery, replacement therapy is indicated with the 
aim of attaining adequate control of thyroid hypofunction 
before an operation. Euthyroidism can be easily docu-
mented with the measurement of TSH as part of the pre-
operative evaluation (Stathatos and Wartofsky, 2003).

Patients on chronic levothyroxine therapy who undergo 
elective surgery and cannot take oral medication for a few 
days do not need to be given T4 parenterally. If oral intake 
cannot be resumed in 5–7 days, levothyroxine may be 
administered by an intravenous route. The parenteral dose 
of T4 should be reduced by 20–40% due to the incom-
plete absorption of oral levothyroxine in the small intes-
tine (Ladenson et al., 1982).

Patients with coronary artery disease who require bypass 
grafting, angioplasty, or stenting may be managed without 
full replacement doses of T4 if this treatment induces an 
increase in myocardial oxygen needs and symptoms of car-
diac ischemia. In this setting, the coronary blood flow should 
be addressed first, and thyroid hormone therapy should be 
initiated afterwards (Stathatos and Wartofsky, 2003).

Urgent surgery

Some studies have shown that there were no differences 
between patients with mild-to-moderate hypothyroidism 
and euthyroid controls in perioperative complications and 
surgical outcomes (Weinberg et al., 1983), whereas other 
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authors have reported that hypothyroid patients had more 
intraoperative hypotension in noncardiac surgery, more heart 
failure in cardiac surgery, and more postoperative gastroin-
testinal and neuropsychiatric complications (Ladenson et al., 
1984). Therefore, there is no evidence to justify deferring 
the needed surgery until the thyroid hypofunction has been 
corrected. Patients with mild-to-moderate hypothyroidism 
who need urgent or emergent surgery can be operated on 
with the knowledge that minor perioperative complications 
might develop. Perioperative monitoring of fluid and elec-
trolyte status, gastrointestinal function, neuropsychiatric 
symptoms, and infectious processes without fever is manda-
tory (Weinberg et al., 1983; Ladenson et al., 1984).

Patients with severe symptoms of chronic hypothy-
roidism (including heart failure, altered mentation, and 
hypothermia pericardial effusion) or with very low levels 
of T4 should be considered at high risk. If surgery cannot 
be postponed, patients may be treated with both T4 and 
T3 to normalize thyroid function rapidly.

Screening for Hypothyroidism

Hypothyroidism is so common in the general aged popu-
lation that it should be kept in mind by all physicians who 
treat elderly patients (Levy, 1991). The screening for thy-
roid hypofunction has been a matter of debate, and dis-
parate opinions have been raised by different authorities 
(Table 107.1). Some scientific societies, such as the American 
Thyroid Association (Ladenson et al., 2000), recommend 
measurement of  TSH beginning at age 35 and every 5 years 
thereafter, stating that the recommendation is particularly 
compelling in women. Other societies recommend screen-
ing for thyroid dysfunction in women older than 50 years 
(Glenn, 1996; American College of Physicians, 1998), in 
patients older than 60 years (American Academy of Family 
Physicians, 2000), or in elderly patients without age speci-
fication (American Association of Clinical Endocrinologists, 
2002). The US Preventive Services Task Force does not  
recommend screening for thyroid disease in adults (Helfand 

and US Preventive Services Task Force, 2004), and the 
Institute of Medicine stated that screening is not cost-effective 
in the elderly (Stone and Wallace, 2003). Other authorities 
consider that screening for thyroid dysfunction is not justified  
in a healthy adult population (Vanderpump et al., 1996).

A clinical consensus group of 13 experts from three pres-
tigious scientific societies (American Thyroid Association, 
American Association of Clinical Endocrinologists, and 
Endocrine Society) recommend against population-based 
screening, but suggest that aggressive case finding is rea-
sonable in women older than 60 years and others at high 
risk of thyroid dysfunction, i.e., personal history of type 1 
diabetes or other autoimmune disease, or a family history 
of thyroid disease (Surks et al., 2004).

It should be considered that TSH measurement is a 
simple, safe and reliable procedure for the diagnosis of 
hypothyroidism, since primary thyroid failure accounts for 
most cases of hypothyroidism. TSH is an excellent screen-
ing test in ambulatory patients, although it may not be a 
useful tool for the diagnosis of hypothyroidism in some 
settings, including pituitary or hypothalamic disease, hos-
pitalized patients, and patients receiving drugs or suffer-
ing from diseases that affect TSH secretion. However, the 
cost-effectiveness of TSH screening is in the range of com-
monly accepted preventive practices, especially when used 
in women aged 60 years (Danese et al., 1996).

Hypothyroidism in the elderly is frequently the result of 
a slow process of thyroid failure that has clinical symptoms 
only in the late stages. In addition, many of the changes that 
accompany the aging process are similar to signs and symp-
toms of thyroid hypofunction. Therefore, there is a need 
to make efforts to detect thyroid hypofunction in the eld-
erly. Although disparate thoughts exist on the necessity of a 
routine screening for thyroid dysfunction, epidemiological 
surveys performed in diverse countries have shown that a 
significant proportion of the middle-aged and elderly popu-
lation has evidence of thyroid disease, suggesting that rou-
tine screening would be useful and of great interest for the 
community.

Table 107.1 Recommendations for screening for hypothyroidism in middle-aged and elderly patients

Scientific society Recommendation for screening

American Thyroid Association Women and men .35 years, every 5 years
American Association of Clinical Endocrinologists Elderly patients, especially women
College of American Pathologists Women 50 years if they seek medical care

Geriatric patients on admission and every 5 years
American Academy of Family Physicians Patients 60 years
American College of Physicians Office-based screening in women older than 50 years
Royal College of Physicians Not justified in a healthy adult population
US Preventive Services Task Force Not recommended in adults
Institute of Medicine Not cost-effective in the elderly
Consensus group of 13 experts (American Thyroid Association, American 
Association of Clinical Endocrinologists and Endocrine Society)

Population-based screening not recommended
Case finding in women older than 60 years

Note: There is no agreement in the recommendations for screening of thyroid hypofunction in middle-aged and elderly patients. Here we 
have summarized the opinions of some prestigious scientific societies.
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Summary Points

l Therapy of hypothyroidism in the middle-aged and 
elderly population is usually straightforward, safe and 
very effective.

l Initial low doses of T4 and slow increments in dosage 
are recommended in the elderly to achieve full replace-
ment dose.

l Insufficient control of hypothyroidism and excess dos-
age of T4 (iatrogenic thyrotoxicosis) are common in 
clinical practice.

l Patients with subclinical hypothyroidism and serum 
TSH concentrations less than 10 mU/l are not suitable 
candidates for chronic T4 treatment.

l Supportive measures, glucocorticoids and thyroid hor-
mone administration are the keystones of treatment for 
patients with myxedema coma.

l In hypothyroid patients suffering from programed  
surgery, euthyroidism can be documented by TSH 
measurement at the preoperative evaluation.

l Urgent surgery in patients with mild-to-moderate 
hypothyroidism needs perioperative monitoring to 
avoid complications.

l Different professional groups have disparate opinions  
on the necessity for routine screening for thyroid 
dysfunction.
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Abstract

Iodine deficiency interferes with the prenatal and postnatal 
neurointellectual development of children through mater-
nal, fetal and neonatal hypothyroxinemia. The purpose of 
this review is to provide information on clinical hypothy-
roidism in childhood and irreversible brain damage. We 
summarize the available clinical data on neurological, neu-
ropathological and neuroimaging abnormalities due to var-
ious hypothyroid syndromes in children. This information 
will help us consider the possible consequences of iodine 
deficiency occurring during the critical period of brain 
development. In addition, recent advances in molecular 
and cell biology have led to an improved understanding 
of normal thyroid physiology and of the genes involved in 
thyroid gland development. This review will add new top-
ics regarding the action of thyroid hormone on the early 
fetal stage of brain development.

Abbreviations

CH Congenital hypothyroidism
CT Computed tomography
D1 Deiodinase type 1
D2 Deiodinase type 2
D3 Deiodinase type 3
EC Endemic cretinism
IQ Intelligence quotient
MR Magnetic resonance
T3 Triiodothyronine
T4 Thyroxine
TH Thyroid hormone
TR Thyroid hormone nuclear receptor

Introduction

Children born in iodine-deficient areas are at risk of neu-
rological deficits and mental retardation, because iodine is 
a constituent of thyroid hormones (THs) which are nec-
essary for the growth and development of most organs, 
especially the brain. Iodine deficiency will impact on the 
neurointellectual development of infants and children if 
it occurs during fetal and early postnatal life. TH may be 
needed during the first trimester, since the first trimester 
surge of maternal free thyroxine (T4) is proposed as a bio-
logically relevant event.

Some research indicates (Calvo et al., 2002; Morreale 
de Escobar et al., 1991, 2004) that human fetuses acquire 
the ability to synthesize THs at 10–12 weeks of gestation. 
In the second and third trimester, the fetus can potentially 
derive TH both from its own thyroid and the thyroid of 
the mother. Prior to 12 weeks gestation, the mother is the 
sole source of TH for the developing fetus. Current evi-
dence indicates that there is substantial transfer of maternal 
TH across the placenta, and fetal TH exists in first trimes-
ter embryonic units (Contempré et al., 1993). The mother 
provides small amounts of T4 throughout the pregnancy. 
The main active TH, triiodothyronine (T3), is converted 
from T4 and the concentration is strictly regulated by a 
complex system. After birth, the neonate produces TH 
independently.

There are three types of TH deficiency known to impact 
fetal development, including (Figure 108.1) isolated fetal 
hypothyroidism (congenital hypothyroidism: CH), com-
bined maternal and fetal hypothyroidism (endemic cretin-
ism: EC), and isolated maternal hypothyroidism (primary 
maternal hypothyroidism). According to the review of CH 
(American Academy of Pediatrics, 2006), TH deficiency 
originates from birth and is mainly due to the failure of 
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the fetal thyroid gland. Normal or near-normal cogni-
tive outcome is possible in even the most severely affected 
infants with CH, as long as maternal thyroid function is 
normal, and early and adequate postnatal therapy is avail-
able for the infant. In contrast, more severe damage is 
expected when both maternal and fetal hypothyroidism 
are combined throughout the pregnancy. Known as EC, 
this is typically caused by poor maternal iodine intake. 
Maternal hypothyroidism alone during early gestation can 
lead to mild but significant impairment of the fetus during 
the first trimester, although there are no cases of neonates 
identified with CH, because fetuses secrete THs on their 

own from the second trimester on, making any TH defi-
ciency prior to that impossible to identify (Morreale de 
Escobar et al., 1991). This clinical research provides infor-
mation about the effects of THs in the developing brain.

Clinical Neurological Findings of 
Hypothyroidism in Children

Table 108.1 shows a variety of neurological deficits in 
human thyroid diseases.

Congenital hypothyroidism (CH)

CH is caused by decreased TH production. Approximately 
1 in 3000–4000 newborns is born with CH in most 
regions of the world. Primary CH is caused by thyroid 
dysgenesis due to a missing (athyrotic), hypoplastic, or 
ectopic thyroid gland or by thyroid dyshormonogenesis 
(Rovet and Daneman, 2003). Recently, several of the genes 
involved in abnormal thyroid gland development and 
function have also been identified (Park and Chatterjee, 
2005). Some novel syndromes combining thyroid and 
neurological abnormalities associated with mutations in 
these genes were reported, such as the monocarboxylate 
transporter 8 gene by Dumitrescu et al. (2004) and the 
thyroid transcription factor 1 gene by Devriendt et al. 
(1998). Central forms of CH at the level of the pituitary 
gland or hypothalamus are less common.

At birth, symptoms of hypothyroidism are difficult to 
detect. Affected infants tend to have prolonged neonatal 
jaundice, and a large posterior fontanel; cool, dry, and  

Gestational age

Environmental
iodine ↓

0 12

Congenital hypothyroidism

Endemic cretinism

Primary maternal hypothyroidism

24 Birth

Weeks

*If untreated

*If untreated

Fetal T4 secretion ↓
Maternal T4 →

Fetal T4 secretion →
Maternal T4 ↓

Fetal T4 ↓
Maternal T4 ↓

Figure 108.1 Human fetal and neonatal hypothyroid syn-
dromes: iodine deficiency and endemic cretinism. If environmental 
iodine decreases, maternal iodine deficiency in early pregnancy 
will not provide the fetal thyroxine required for neural develop-
ment. Insufficient supply of iodine leads to fetal and neonatal 
hypothyroidism.

Table 108.1 Clinical summary of hypothyroid syndromes

Endemic cretinism (neurologic 
cretinism) Congenital hypothyroidismb Myxedema (adult hypothyroidism)

Growth at birth Not available Almost normala/  4 kg Normal
Postnatal growth Delayb Delay Normal
Suspected onset Intrauterine At birthc Any age
Gait disturbance Characteristic inability Hypotonia (spasticity) Unsteady gait (peripheral  

 neuropathy/cerebellar ataxia)
Bone growth maturation Delay Delay Normal
Pyramidal tract signs Positive (89%) 30% Negative
Distribution Proximal and lower limbs Not available Negative
Deep tendon reflex Delay in the reflexion phase Delay in the reflexion phase Delay in the reflexion phase
Cerebellar function Normal Cerebellar ataxia Cerebellar ataxia
Intellectual impairment Severe (mean IQ  29.3) Positive (various levels) Drowsiness/dementia/poor  

 concentration
Hearing impairment (%) 51 20 30
Endocrine Hypothyroidism to euthyroidism Hypothyroidism to euthyroidism Hypothyroidism to euthyroidism
References Halpern et al., (1991) Dussault (1991), Menkes  

 (1995), Francois et al., (1994)
Wiersinga (2006)

aGrowth of the athyroid fetus is normal body weight, length, and head circumference, but bone maturation is delayed in 30–50%.
bIf untreated.
cPatients with severe form of congenital hypothyroidism are affected from prenatal period.
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mottled skin; feeding problems; constipation; umbilical 
hernias; and decreased motor activity. Symptoms are more 
evident by the second month of life, and include decreased 
activity and hypotonia with diminished spontaneous 
movements. In subsequent months, if untreated, further 
neurological impairment becomes more evident and mani-
fests signs similar to those of diffuse cerebral injury. Motor 
skills and intellectual development in these children are 
delayed. Bilateral dysfunction of corticospinal tracts is evi-
denced by the spasticity of the limbs, difficulty with fine 
volitional movements and extensor planter responses; deaf-
ness, major motor and atonic seizures, ataxia, strabismus, 
coarse tremor, and aphasia have also been noted in these 
children (Goldensohn and Appel, 1977; Menkes, 1995; 
Dussault, 1991).

If CH is left untreated, it results in severe and irreversi-
ble mental retardation; e.g., the mean intelligence quotient 
(IQ) of children with CH was 76 (Klein, 1980). Forty 
percent of children with CH require special education 
and display deficits in fine motor control, as well as learn-
ing disabilities (Song et al., 2001). Since the 1970s, most 
industrialized countries have established systematic screen-
ing of neonates. Previously it was believed that newborn 
screening and early postnatal treatment were successful in 
preventing mental retardation. Nevertheless, a number of 
prospective studies examining the intellectual outcomes 
in children with screened CH have revealed that their IQ 
levels average approximately six points below expectation, 
and that they have a greater risk of subtle neuropsycho-
logical and motor deficits (Derksen-Lubsen and Verkert, 
1996). This wide variability appears to be linked to dis-
ease-related factors (such as the etiology and severity of the 
disease at diagnosis), and treatment-related factors (age at 
treatment initiation, dosage and length of time until TH 
levels normalize).

Subsequent studies found that children with more 
severe forms of the disease still have clinically significant 
intellectual impairment when compared with children in 
a control group or those with more moderate forms of 
the disease (Dubuis et al., 1996; Oerbeck et al., 2003). It 
was thought that these deficits reflected inadequate dosage  
because the children were initiated with relatively low 
doses of L-T4 (5–10 g/kg/day). After this observation, the 
American Academy of Pediatrics (1993) and the European 
Society for Pediatric Endocrinology (Gruters et al., 1993) 
recommended higher initial doses of L-T4 (10–15 g/
kg/day). A higher dose was deemed beneficial in closing 
the IQ gap between moderate and severe forms of CH 
(Simoneau-Roy et al., 2004). However, despite optimized 
treatment, some children with CH will still have subtle, 
persistent cognitive deficits (Rovet and Daneman, 2003). 
The safety of a higher starting dose level for children with 
mild forms of CH remains an issue because of the undesir-
able effects of hyperthyroxinemia on behavior and cogni-
tion (Gunn et al., 1996).

Alternatively, some signs of minimal brain damage in 
children with CH possibly reflect their TH insufficiency 
in utero. For example, although the mother provides a sup-
plemental source of TH during the pregnancy, this does 
not seem to fulfill all fetal needs in the latter part of gesta-
tion. This may adversely affect brain development, as is the 
case in maternal hypothyroidism. Haddow et al. (1999) 
published a study of maternal hypothyroidism and the 
effects on the fetus. Haddow suggests that untreated mild 
maternal thyroid failure might reduce her child’s IQ score 
and affect intelligence, attitude and visual–motor skills. 
Subsequently, Rovet (2002) found that maternal hypothy-
roidism early in fetal development is correlated with later 
problems of visual attention and gross motor skills. TH 
deficiency later in pregnancy also increases the risk of fine 
motor deficits.

Children with CH often have school-related learning 
problems, particularly with arithmetic (Oerbeck et al., 
2003; Song et al., 2001). Even in early-treated patients with 
CH, hearing problems were relatively common (Francois 
et al., 1994). Chou and Wang (2002) found that 25% of 
the children they studied had abnormal auditory brainstem 
potentials. In another study (Rovet and Daneman, 2003), 
children with CH-associated prenatal TH deficiency con-
tinued to experience effects during adolescence, particu-
larly with their ability to process visuospatial relationships. 
These children also had specific neurocognitive impairment 
in selective memory, sensory motor skills and attention 
domains. Their particular deficits seem to implicate differ-
ent neural structures and systems. Rovet suggests unique 
time windows of TH sensitivity by different brain systems.

Endemic cretinism (EC)

The most serious consequence of iodine deficiency on the 
brain and physical development is EC. Iodine deficiency 
is still widely preventable; in 1990, 1.6 billion people 
globally (28.9% of the world’s population) were at risk 
of iodine deficiency (Delange, 2001). Iodine deficiency 
impacts on thyroid function in pregnant women and 
neonates, and on the neurointellectual development of 
infants and children.

EC is characterized by mental deficiency, together with 
neurological syndromes described in detail by Delange 
(1991). Iodine deficiency results in defects of hearing and 
speech, characteristic disorders of standing and gait of vary-
ing degree, and hypothyroidism and stunted growth. There 
are two types of EC; one is marked by dominant neuro-
logical disorders (neurological cretinism), and the other 
by symptoms of severe thyroid insufficiency (myxedema-
tous cretinism). Neurological cretinism shows neurological 
defects such as: (1) mental impairment; (2) deaf-mutism; 
(3) impaired voluntary movement activity involving paresis 
or paralysis of pyramidal origin, chiefly in the lower limbs, 
with hypertonia, clonus, and plantar cutaneous reflexes in 
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extension, along with occasional extrapyramidal signs; (4) 
spastic or ataxic gait and, in the most severe cases, extreme 
difficulty walking or standing; and finally (5) strabismus.

Neurological cretinism has a characteristic standing 
posture characterized by flexion of the neck and flexed 
hips and knees with abductor tightness (Hollowell and 
Hannon, 1997). In this situation, the trunk tilts forward, 
the feet are flat and everted, and the gait is broad-based 
and knock-kneed. The arms are often held in a curious 
posture with shoulders abducted and the elbows and wrists 
flexed. Most individuals have characteristic gait distur-
bances ranging from an abnormal posture and rhythm to 
an inability to walk.

The damage increases with the degree of iodine defi-
ciency. Only if correction takes place before or during 
early gestation can the occurrence of neurological cretin-
ism be prevented (Pharoah et al., 1971). In Ecuador, an 
attempt to study the effects of preventing iodine deficiency 
in early fetal life revealed that there had been no new cases 
of EC in the treated village, while six cases appeared in the 
control group (Ramirez et al.,1972).

Juvenile hypothyroidism

During the early months of an infant’s postnatal life, 
TH deficiency may cause organ-related dysfunction and 
growth failure. Hypothyroidism of this period is caused by 
congenital problems (late appearance), autoimmune dis-
eases and decreased TH production due to lack of iodine 
or drug effects.

The effects of decreased TH production are similar in 
children and adults, but TH deficiency results in growth 

and development abnormalities unique to younger 
childhood, especially when it occurs during infancy. 
Hypothyroidism that occurs after age three is not associ-
ated with mental retardation, but rather results in physical 
growth retardation (Fisher, 1991).

We summarized the clinical data of infancy onset of 
hypothyroidism from some reports (Foley et al., 1994; Arii 
et al., 2002; Zegher et al., 1992) in order to ascertain the 
neurological prognosis when TH deficiency is present in 
the early months of life (Table 108.2). Out of seven infants 
aged less than one year at the onset of hypothyroidism 
caused by chronic autoimmune thyroiditis, dyshormono-
genesis, or of unknown origin, five had permanent men-
tal retardation and one had hearing problems. Moreover, 
out of eight infants who had longer intervals between the 
onset of symptoms and the initiation of T4 therapy, five 
had permanent mental retardation. Foley warned that if 
infants with hypothyroidism are not treated early, their 
intelligence and neuropsychological function may be per-
manently impaired. The patients in our study (Arii et al., 
2002) showed deceleration in linear growth, spasticity in 
the lower limbs with deformities, and intellectual impair-
ment (Figure 108.2). The neurological symptoms were not 
progressive, but were irreversible despite T4 treatment.

Early-childhood onset of hypothyroidism with later 
T4 treatment is characterized by intellectual impairment, 
motor disturbances and hearing problems. The spectrum 
of neurological deficits of TH deficiency in early child-
hood is similar to that of CH and EC.

Zoeller and Rovet (2004) summarized the models of 
maternal hypothyroidism, hypothyroxinemia and CH. 
If TH deficiency occurs early in pregnancy, the children  

Table 108.2 Neurological symptoms of acquired infant-onset hypothyroidism

Case
Age at 
onset (m)

Age at 
diagnosis Treatment Neurological finding Etiology References

 1 6–12 1.1 y Soon after Normal Autoimmune thyroiditis Foley et al., (1994)
 2 6–12 2 y Several months Neurosensory hearing loss,  

 speech delay
Autoimmune thyroiditis

 3 6–9 1.2 y Several months Mild motor delay, speech  
 delay

Autoimmune thyroiditis

 4 6–9 9 m Soon after Mild mental delay Autoimmune thyroiditis
 5 6–9 5 y Several years Moderate mental  

 delay (DQ46), spasticity  
 in lower limbs with severe  
 contractures

Autoimmune thyroiditis Arii et al., (2002)

 6 12–18 15 y Several years Mild mental delay (DQ58),  
 spasticity in lower limbs  
 with severe contractures

Autoimmune thyroiditis

 7 6–12 2 y Several months Mild mental delay (DQ65),  
 spasticity in lower limbs

Unknown

 8 3 3 m Soon after Normal Dyshormonogenesis Zegher et al., (1992)
 9 12–18 3 y Several years Normal Dyshormonogenesis
10 12–18 5 y Several years Normal Dyshormonogenesis
11 12–18 4 y Several years Normal Dyshormonogenesis
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display problems in visual attention, visual processing and 
gross motor skills. If it occurs later in pregnancy, children 
are at additional risk of subnormal visual and visuospatial 
skills, as well as slower response times and fine motor defi-
cits. If it occurs after birth, it predominantly affects chil-
dren’s language and memory skills.

Neuropathological Findings in 
Hypothyroidism

Stein et al. (1991) reviewed the neuropathological findings 
observed in human autopsies of people with CH and EC. 
These findings include normal brain architecture, minimal 
cerebral atrophy, a reduced number of pyramidal and Betz 
neurons in each layer V, and abnormal axonal and den-
dritic development of the pyramidal neurons in the cere-
bral cortex and brainstem. Retarded myelination (Duckett, 
1994) and diminished size of pyramidal tracts may also be 
observed (Eayrs, 1960).

Bernal (2005) reviewed the morphological aspects in 
the brain of the hypothyroid rat and found: (1) altered cell 
migration, particularly in the cerebellum and cerebral cor-
tex; (2) increments in cell density, caused by a reduction in 
the neuropil; (3) markedly reduced dendritic arborization 
in the Purkinje cells of the cerebellum, and decreased and 
altered distribution of the pyramidal dendritic spines in the 
cortex layer V; and finally (4) delayed myelination and poor 
myelin deposit in the white matter and fewer myelinated 
axons. This study further showed that hypothyroidism pro-
duces changes in the colossally projecting neurons, which 
may be due to the maintenance of juvenile patterns of pro-
jections. In addition, a recent report (Lavado-Autric et al., 
2003) indicates that focusing on maternal hypothyroidism 
can produce migration defects in the fetal cortex, when 

the neurons migrate out to an inappropriate site instead of 
forming layers at the appropriate site.

Abnormalities in specific regions of the cerebral cortex 
and its corticospinal projections, associative cortex and 
myelination are likely to contribute to neurological impair-
ments in both rats and humans afflicted with hypothyroid 
disorders. However, although these findings provided us 
with information about the role of TH in brain develop-
ment, they do not provide insight into the developmen-
tal timing of TH action on specific brain areas that may 
underlie the aforementioned observations in children.

In humans and rodents (Stein et al., 1991), neurodevel-
opmental events occur in a defined sequence: neurogenesis; 
migration; axonal and dendritic outgrowth; elongation and 
branching; synaptogenesis; and finally myelination. These 
neuroanatomical events of normal brain development are 
ongoing from early gestation to postnatal life. A variety of 
different agents, including TH, may alter these events. The 
manifestations of hypothyroidism relate to the type, tim-
ing, severity and duration of TH deficiency, and the dif-
ferent events that occur in different brain regions and cell 
populations. Abnormal events due to TH deficiency can 
disrupt the normal sequence of neuroanatomical processes. 
Therefore, earlier, more severe and longer deficiencies lead 
to more severe neuroanatomical disruption and subse-
quent behavioral and neurological impairment. Because of 
the severity of the condition and the timing of develop-
ment (brainstem, cerebral cortex and cerebellum develop 
sequentially), there may be interference with both brain-
stem and cerebral cortex development in EC, while the 
cerebral cortex may primarily be affected in CH.

Zoeller and Rovet (2004) proposed that one of the best 
examples of temporal changes in the sensitivity to TH dur-
ing brain development is that of the cerebellum, because 
the rodent cerebellum grows rapidly during the first two 
postnatal weeks (Figure 108.3). Studies of the cerebella of 
hypothyroid rats demonstrate that TH plays a role in cell 
proliferation in the external granule layer, migration of these 
cells to the internal granule layer, and apoptosis in their 
destination during the developmental period from birth 
to weaning. In addition, although myelin basic protein 
is directly regulated by TH, its expression is not sensitive 
to TH in the late gestational fetus. Schwartz et al. (1997) 
found that the critical period of TH responsiveness is tem-
porally shifted accordingly, because the process does not 
occur simultaneously in all brain areas.

Neuroimaging in Hypothyroidism

Cerebral computed tomography (CT) scanning in patients 
with EC was reported to show basal ganglia calcification 
in 30% (15 of 50 cases) and mild cerebral atrophy in 8% 
(4 of 50 cases) (Halpern et al., 1991). All three children in 
our study of infant-onset hypothyroidism who exhibited  

Figure 108.2 Patients with infant-onset hypothyroidism. 
Spasticity in lower limbs with severe contractures of the knees and 
ankles in patients 5 and 6 of the Table 108.2. Arii et al., (2002).
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motor and mental deficits (Figure 108.2, Pt 5–7 in Table 

108.2, Arii et al., 2002) had multiple calcifications in the 
bilateral basal ganglia and subcortical areas in a brain 
CT (Figure 108.4). This distribution was common to 
all patients. Magnetic resonance (MR) images in these 
patients showed only mild atrophy (not shown).

Some causes of intracranial calcifications can be specu-
lated, such as latent hypoxic damage, vasculitis and direct 
brain injury due to energy insufficiency because of hypothy-
roidism. In previous studies, the correlation between basal 
ganglia calcifications and spasticity or other neurological 
symptoms in EC was controversial (Halpern et al., 1991; 
DeLong et al., 1985) although they are found in asymp-
tomatic or nonspecific symptoms, such as dementia, in 
adult-onset myxedema (Burke et al., 1988). However, the 
frequency of hypothyroidism-associated intracranial calcifi-
cation is 30% in patients with EC (Halpern et al., 1991). 
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Figure 108.3 Timing of thyroid hormone action in the developing brain. The timing of thyroid hormone (TH) insufficiency produces dif-
ferent effects in humans (upper panel) and rodents (lower panel). A concept is emerging that TH exerts effects on different brain regions 
as development proceeds. TH insufficiency during fetal development exerts effects on cortical development, but postnatal hypothy-
roidism exerts effects on cerebellar development. RC3, rat cortex cloue 3; NSP-A, neuroendocrine-specific protein-A; MBP, myeline 
basic protein; IGL, internal granule layer. Reproduced with permission from Zoeller and Rovet (2004).

Figure 108.4 Brain computed tomogram of patients with infant-
onset hypothyroidism. The images show calcifications in the bilat-
eral basal ganglia (left) and subcortical white matter in the occipital 
lobes (right) (patient 7 of Table 108.2. Arii et al., (2002).
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Four of six adult patients in another study showed hypothy-
roidism (Burke et al., 1988). Therefore, the intracranial 
calcifications may result from metabolic derangement as a 
result of hypothyroidism. MR images have demonstrated 
hyperintensity on T1-weighted images and hypointensity 
on T2-weighted images in the basal ganglia of patients with 
EC (Ma et al., 1993), and a neuropathological study of CH 
has demonstrated that cerebral blood vessels are thickened 
with calcium and iron deposits (Dekaban, 1970). Recently, 
TH was found to lead to an upregulation of matrix Gla 
protein in arterial smooth muscle cells. The TH facilitates 
the matrix Gla protein gene expression in smooth muscle 
through TH nuclear receptors, leading to prevention of 
vascular calcification in vivo (Sato et al., 2005). Therefore, 
hypothyroidism may directly cause vascular calcifications.

Brain MR spectroscopy showed that intrauterine 
hypothyroid neonates from mothers with iodine deficiency 
had significantly decreased N-acetylasparate levels, an index 
of neuronal development, in parietal white matter and the 
thalamus. This can be normalized with early T4 treatment 
(Akinci et al., 2006). The findings may suggest the efficacy 
of early postnatal therapy, which might be able to reverse 
hypothyroid brain damage. In addition, functional MR 
images revealed that working memory is impaired in adult 
patients with subclinical hypothyroidism, mainly due to 
disorders of the frontoparietal network (Zhu et al., 2006). 
Again these deficits were improved with T4 treatment. 
Hence, advances in neuroimaging may provide more infor-
mation on the temporal effects and functional reversibility 
in the human brain.

Molecular Biology

Brain development proceeds through precisely coordinated 
neuroanatomical events in time and space. These events are 
determined by genetic and epigenetic factors, such as TH. 
TH deficiency during critical periods of development leads 
to profound and potentially irreversible defects of brain 
maturation. There is renewed interest in the action of THs 
on brain development and function. Over the last 10 years, 
genes regulated by THs have been identified in the rodent 
brain, facilitating an understanding of the role of TH 
nuclear receptors (TR) through the analysis of phenotypes 
of mutant mice for the different isoform receptors.

The concentrations of T3 are controlled by deiodinases 
type 1 (D1), 2 (D2), and 3 (D3). D2 transforms T4 into T3, 
whereas D3 transforms T4 and T3 into inactive products, 
reverse T3 and 3, 3-diiodothyronine, respectively (Bernal  
et al., 2003). Development regulates the expression and local 
activity of D2 and D3 in the brain (Kaplan and Yaskoski, 
1981). In addition, despite the restricted access of molecules 
from the blood to the brain parenchyma due to the blood–
brain barrier, small amounts of T4 and T3 may enter the 
brain in the fetus through specific transporters (Sugiyama  
et al., 2003). T3 is formed by deiodination of T4 and delivered 

to neural cells, then reaching the TRs. T3, acting in the tar-
get cells by binding to TRs, controls the expression of genes 
involved in myelination, cell differentiation, migration and 
signaling. Many effects of TH on developmental processes 
in the brain can be correlated with the controlled expression 
of specific molecules. Bernal (2003) described the role of 
TH and TR, as presented in Table 108.3.

Bernal et al. (2003) and Bernal (2005) reviewed TH 
action on brain development. In mammals, T3 receptors 
are the products of two genes known as TR and TR that 
encode nine protein products, which arise by alternative 
splicing and different use of the promoter. It is known that 
there are two types of receptors and four different receptor 
isoforms, but the physiological role of nonreceptor proteins is 
still unclear. Different receptor isoforms are unlikely to serve 
different physiological functions by selectively regulating 
specific genes. The most prevalent view is that the receptor 
isoforms are mostly equivalent in their biological activity  
in vivo, and that their physiological role is due to their differ-
ent patterns of temporal and regional expressions. In addition 
to transducing the T3 signal, the TRs are also active in the 
unliganded state, mainly as repressors of transcription.

The role of TH is the coordination of seemingly unre-
lated maturation processes. TH can influence these processes  
only temporarily during overlapping windows of develop-
ment with regional specificity. Studies of clinical thyroid 
disorders and experimental models show that the timing 
of TH deficiency produces different effects, as illustrated 
in Figure 108.3 (Zoeller and Rovet, 2004). Furthermore, it 
is important to confirm the precise time when the TH’s 
critical point of activity in brain development occurs, such 
as the rate of cell division or cell death at specific times 
in the development of the cerebellum, in order to prevent 
the irreversible neurological deficits of hypothyroidism in 
childhood.

Summary Points

l Iodine is a constituent of THs; therefore, iodine defi-
ciency impacts on thyroid function in pregnant women, 
their fetuses and neonates.

l TH is required for normal brain development beginning  
in the first trimester, before the onset of fetal TH secretion. 
Even during the early months of postnatal life, TH is 
necessary for brain development; however, it is unclear 
when this critical period is completed.

l The effects of TH are restricted to a subset of neuroana-
tomical events occurring at that time in different areas of 
the brain. The impairment of specific neuropsychological 
functions depends on the timing of TH deficiency.

l Generally, combined maternal and fetal hypothyroidism 
causes severe fetal hypothyroxinemia in early gestation 
(EC).

l Postnatal early T4 treatment is successful in preventing 
mental retardation in most cases (CH).
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l Infant-onset hypothyroidism can also cause irreversible 
neurological deficits similar to CH and EC.

l Patients with severe cases of EC, CH, or juvenile 
hypothyroidism can demonstrate irreversible motor, 
intellectual impairments and hearing problems.

l Neuropathology and neuroimaging cannot be distin-
guished among children with hypothyroid diseases. 
Specific distributions of intracranial calcifications are 
common in hypothyroid diseases.

l More sensitive neuropsychological tools and prospective 
long-term follow-up studies reveal that even mild TH 
deficiency in fetal and postnatal life can produce deficits 
in specific neuropsychological functions.

l Genetic models illustrating TH deficiency and TH 
receptor deletion and mutation help us to understand 
how these conditions affect brain development.

References

Akinci, A., Sarac, K., Gungor, S., Mungan, I. and Aydin, O. 
(2006). AJNR Am. J. Neuroradiol. 27, 2083–2087. 

American Academy of Pediatrics AAP Section on Endocrinology 
and Committee on Genetics, and America Thyroid 
Association Committee on Public Health (1993). Pediatrics 
91, 1203–1209. 

American Academy of Pediatrics, American Thyroid Association 
and Lawson Wilkins Pediatric Endocrine Society (2006). 
Pediatrics 117, 2290–2302. 

Arii, J., Tanabe, Y., Makino, M., Sato, H. and Kohno, Y. (2002). 
J. Child Neurol. 17, 309–313. 

Bernal, J. (2003). Hot Thyroidology, October, No. 2, Retrieved 
February 8, 2007 (www.hotthyroidology.com).

Bernal, J. (2005). Vitam. Horm. 71, 95–122. 
Bernal, J., Guadanõ-Ferraz, A. and Morte, B. (2003). Thyroid 

13, 1005–1012. 
Burke, J.W., Williamson, B.R. and Hurst, R.W. (1988). 

Radiology 167, 533–536. 
Calvo, R.M., Jauniaux, E., Gulbis, B., Asunción, M., Gervy, C., 

Contempré, B. and Morreale de Escobar, G. (2002). J. Clin. 
Endocrinol. Metab. 87, 1768–1777. 

Chou, Y.H. and Wang, P.S. (2002). J. Child Neurol. 17, 
510–514. 

Table 108.3 Role of thyroid hormone and thyroid hormone receptors

A. Role of thyroid hormone
1. Early embryonic brain development:
 a. No effects on neural induction, neurulation, and establishment of polarity and segmentation
2. Cell migration and the formation of layers
 a. Cerebral cortex
   Contributes to the right position of neocortical neurons, and therefore to the normal layering pattern, and to the distribution of 

callosal connections
 b. Cerebellum
  Controls the rate of migration of granular cells from the external germinal layer to the internal granular layer
3. Neuronal and glial cell differentiation
 a. Specific neuronal types
   Controls dendritic development and a number of dendritic spines of pyramidal cells of neocortex and hippocampus. Dendritic 

spines are important in synaptic plasticity
  Influences differentiation of cholinergic cells of brain stem and forebrain
   Maturation of dendritic arborization of Purkinje cells: in the absence of thyroid hormone, Purkinje cells have elongated primary 

dendrite, reduced dendritic arborization and persistence of transient axo-somatic connections

 b. Oligodendrocyte differentiation
  T3 is an instructive factor for oligodendrocyte differentiation from stem cells
   Thyroid hormones are required for normal myelination. Hypothyroid rats display transiently reduced expression of myelin genes and 

permanently reduced number of myelinated axons

B. Role of thyroid hormone receptors
1. Two genes (TRa and TRb) encode four receptor and four nonreceptor proteins
2. TRa1 accounts for 70–80% of total receptor protein present in the brain
3. Cells expressing receptors are neurons and oligodendrocytes. Astrocytes may also express receptors
4. Functional specificity of receptor isoforms
 Mostly equivalent
 Specificity depends on timing and place of expression
 Cerebellum: granular cell migration: TRa1. Purkinje cell differentiation: TRb1  TRa1
 Cochlear hair cell function: TRb
 Retinal cone photoreceptor development: TRb2
 Oligodendrocyte precursor cell differentiation: TRa1
 Hippocampal GABAergic interneuron function: TRa1
5.  Unliganded receptors have intrinsic transcriptional activity. The role of unliganded receptors in normal development is unknown, but 

many features of hypothyroidism may actually be due to their intrinsic activity

www.hotthyroidology.com


Brain Damage in Clinical Hypothyroidism in Childhood 1055

Contempré, B., Jauniaux, E., Calvo, R., Jurkovic, D., Campbell, S. 
and Morreale de Escobar, G. (1993). J. Clin. Endocrinol. 
Metab. 77, 1719–1722. 

Dekaban, A. (1970). Neurology of Early Childhood. Williams & 
Wilkins, Baltimore, MD, p. 420. 

Delange, F. (1991). ‘Endemic Cretinism’. In: (eds L.E. Braverman 
and R.D. Utiger), Werner and Ingbar’s The Thyroid, 6th edn.  
J. B. Lippincott Company, Philadelphia, PA. 

Delange, F. (2001). Postgrad. Med. J. 77, 217–220. 
DeLong, G.R., Stanbury, J.B. and Fierro-Benitez, R. (1985). 

Dev. Med. Child Neurol. 27, 317–324. 
Derksen-Lubsen, G. and Verkert, P.H. (1996). Pediatr. Res. 39, 

561–566. 
Devriendt, K., Vanhole, C., Matthijs, G. and de Zegher, F. 

(1998). N. Engl. J. Med. 338, 1317–1318. 
Dubuis, J.M., Glorieux, J., Richer, F., Deal, C.L., Dussault, J.H. and 

Van Vliet, G. (1996). J. Clin. Endocrinol. Metab. 81, 222–227. 
Duckett, S. (1994). Pediatric Neuropathology. Williams & 

Wilkins, Baltimore, MD, p. 762. 
Dumitrescu, A.M., Liao, X.H., Best, T.B., Brockmann, K. and 

Refetoff, S. (2004). Am. J. Hum. Genet. 74, 168–175. 
Dussault, J.H. (1991). Congenital Hypothyroidism. In: (eds L.E. 

Braverman and R.D. Utiger), Werner and Ingbar’s The Thyroid, 
6th edn. J. B. Lippincott Company, Philadelphia, PA. 

Eayrs, J.T. (1960). Br. Med. Bull. 16, 122–127. 
Fisher, D.A. (1991). Acquired Juvenile Hypothyroidism. In: (eds 

L.E. Braverman and R.D. Utiger), Werner and Ingbar’s The 
Thyroid, 6th edn. J. B Lippincott Company, Philadelphia, PA. 

Foley, T.P., Abbassi, V., Copeland, K. and Draznin, M.B. (1994). 
N. Engl. J. Med. 330, 466–468. 

Francois, M., Bonfils, P., Leger, J., Czernichow, P. and Narcy, P. 
(1994). J. Pediatr. 124, 444–446. 

Goldensohn, E.S. and Appel, H.S. (1977). Scientific Approaches 
to Clinical Neurology. Lea & Febiger, Philadelphia, PA. 

Gruters, A., Delange, F., Givannelli, G., Klett, M., Rochiccioli, P., 
Torresani, T., Grant, D., Hnikova, O., Maenpaa, J. and 
Rondanini, G.F. (1993). Eur. J. Pediatr. 152, 974–975. 

Gunn, A.J., Wake, M. and Cutfield, W.S. (1996). J. Pediatr. 
Child Health 32, 242–245. 

Haddow, J.E., Palomaki, G.E., Allan, W.C., Williams, J.R., 
Knight, G.J., Gagnon, J., O’Heir, C.E., Mitchell, M.L., 
Hermos, R.J., Waisbren, S.E., Faix, J.D. and Klein, R.Z. 
(1999). N. Engl. J. Med. 341, 549–555. 

Halpern, J.P., Boyages, S.C., Maberly, G.F., Collins, J.K., 
Eastman, C.J. and Morris, J.G. (1991). Brain 114, 825–841. 

Hollowell, J.G. and Hannon, W.H. (1997). Teratology 55, 
389–405. 

Kaplan, M.M. and Yaskoski, K.A. (1981). J. Clin. Invest. 67, 
1208–1214. 

Klein, R. (1980). In: (eds G.N. Burrow and J.H. Dessault), 
Neonatal Thyroid Screening. Raven Press, New York, NY,  
pp. 51–59. 

Lavado-Autric, R., Ausó, E., García-Velasco, J.V., Arufe, M.C., 
Escobar del Rey, F., Berbel, P. and Morreale de Escobar, G. 
(2003). J. Clin. Invest. 111, 1073–1082. 

Ma, T., Lian, Z.C., Qi, S.P., Heinz, E.R. and DeLong, G.R. 
(1993). Ann. Neurol. 34, 91–94. 

Menkes, J.H. (1995). Textbook of Child Neurology, 5th edn. 
Williams and Wilkins, Baltimore, MD, pp. 907–909. 

Morreale de Escobar, G., Obregón, M.J., Calvo, R. and Escobar 
del Rey, F. (1991). Advances in Perinatal Thyroidology. Plenum 
Press, New York, NY, pp. 133–156. 

Morreale de Escobar, G., Obregón, M.J. and Escobar del Rey, F. 
(2004). Eur. J. Endocrinol. 151, U25–U37. 

Oerbeck, B., Sundet, K., Kase, B.F. and Heyerdahl, S. (2003). 
Pediatrics 112, 923–930. 

Park, S.M. and Chatterjee, V.K. (2005). J. Med. Genet. 42, 
379–389. 

Pharoah, P.O., Butifield, I.H. and Hetzel, B.S. (1971). Lancet 1, 
308–310. 

Ramirez, I., Fierro-Benitez, R. and Estrella, E. (1972). In: (eds 
J.B. Stanbury and R.L. Kroc), Human Development and the 
Thyroid Gland: Relation to Endemic Cretinism. Plenum Press, 
NewYork, NY, p. 223. 

Rovet, J. (1996). Acta Pediatrica 432, 88–95. 
Rovet, J. (2002). Child Neuropsychol. 8, 150–162. 
Rovet, J. and Daneman, D. (2003). Pediatr. Drugs 5, 141–149. 
Sato, Y., Nakamura, R., Satoh, M., Fujishita, K., Mori, S., Ishida, 

S., Yamaguchi, T., Inoue, K., Nagao, T. and Ohno, Y. (2005). 
Circ. Res. 97, 550–557. 

Schwartz, H.L., Ross, M.E. and Oppenheimer, J.H. (1997). 
Endocrinology 138, 3119–3124. 

Simoneau-Roy, J., Marti, F.S., Deal, M.C., Huot, F.C., Robaey, P. 
and Vliet, G.V. (2004). J. Pediatr. 144, 747–752. 

Song, S., Daneman, D. and Rovet, J. (2001). J. Dev. Behav. 
Pediatr. 22, 376–384. 

Stein, S.A., Adams, P.M., Shanklin, D.R., Mihailoff, G.A. and 
Palnitkar, M.B. (1991). Advances in Perinatal Thyroidology. 
New York, Plenum Press, NY, pp. 47–105. 

Sugiyama, D., Kusuhara, H., Taniguchi, H., Ishikawa, S., 
Nozaki, Y., Aburatani, H. and Sugiyama, Y. (2003). J. Biol. 
Chem. 278, 43489–43495. 

Wiersinga, W.M. (2006). Hypothyroidism and Myxedema 
coma. In: (eds L.J. DeGroot, J.L. Jameson and D. Krester), 
Endocrinology, 5th edn. Elsevier Inc, Philadelphia, PA. 

Zegher, F., Vanderschueren-Lodeweyckx, M., Heinrichs, C., 
Vliet, G.V. and Malvaux, P. (1992). Acta Pediatr. 81, 
274–276. 

Zhu, D.F., Wang, Z.X., Zhang, D.R., Pan, Z.L., He, S., 
Hu, X.P., Chen, X.C. and Zhou, J.N. (2006). Brain 129, 
2923–2930. 

Zoeller, R.T. and Rovet, J. (2004). J. Neuroendocrinol. 16, 
809–818. 



Abstract

Hypertension is a very common disorder. One-third of the 
US population has hypertension or is under antihyper-
tensive medication. In addition, 45 million adults in the 
United States (20% of the total population) suffer from 
prehypertension. Hypertension cannot be classified solely 
by discrete blood pressure (BP) thresholds. An impor-
tant emerging concept is that hypertension is frequently 
associated with additional co-morbidities that contrib-
ute to increasing cardiovascular risk. Actually, hyperten-
sion represents a major risk factor for vascular, cardiac, 
renal and cerebral pathology, so that the existence of the 
so-called target organ damage (in vessels, heart, kidneys 
and brain) is a criterion for assessing the clinical severity 
of the disease. Hypothyroidism represents the most com-
mon thyroid function disorder; worldwide, the preva-
lence of hypothyroidism varies with iodine intake and 
clearly increases with age, reaching up to 20% in women 
aged more than 60 years. The foremost cause of congeni-
tal hypothyroidism remains endemic iodine deficiency 
and, in adults, chronic autoimmune (Hashimoto’s) thy-
roiditis, which is more common in geographic areas of 
higher dietary iodine. The results obtained from the bulk 
of the studies suggest a convincing association between 
hypertension and hypothyroidism, with a prevalence 
of hypertension in hypothyroid subjects, particularly of 
elevated diastolic BP, nearly triple than that seen in the 
general population. In subjects over 50 years of age, the 
overall data indicate a 30% prevalence of hypertension in 
hypothyroid subjects. Moreover, population-based studies 
revealed the presence of unrecognized hypothyroidism in 
3–5% of untreated hypertensive patients, and indicate the 
existence of a continuous linear relationship between thy-
roid function and cardiovascular risk concerning both the 
atherogenic and metabolic profiles. However, the observed 
association between hypothyroidism and hypertension 

does not prove a causal relationship. Considerable further 
research is required on the mechanisms of diseases and, in 
particular, the relationships between a hypothyroid state 
and other (neuro)endocrine systems that may determine 
and worsen a hypertensive state. At the same time, new 
learning is necessary to increase our understanding of the 
role of thyroid hormone deficiency in target organ damage 
induced by hypertension.

Abbreviations

-MHC -Myosin heavy chain
-MHC -Myosin heavy chain
BP Blood pressure
D1 Type 1 deiodinase
D2 Type 2 deiodinase
D3 Type 3 deiodinase
EDHF  Endothelium-derived 

hyperpolarizing factors
fT3 Free triiodothyronine
fT4 Free thyroxine
L-NMMA N(G)-monomethyl-l-arginine
L-T4 Synthetic l-thyroxine
NO Nitric oxide
NOS Nitric oxide synthase
TDF Thyroid depressing factor
TH Thyroid hormone
TSH Thyrotropin
T3 Triiodothyronine
T4 Thyroxine
TR  Thyroid hormone nuclear receptor
TRH Thyrotropin-releasing hormone
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Introduction

Historically, both thyroid function and arterial blood pres-
sure (BP) have been the subjects of a considerable amount 
of medical literature since the early twentieth century; 
however, combined research in these two fields is relatively 
recent, only appearing in scientific journals after the car-
diovascular effects of thyroid hormones (THs) had been 
described extensively. Ever since the pioneering obser-
vations on the possible relationships between elevated 
BP and clinical hypothyroidism were published in the 
Endocrinology Journal (Thompson et al., 1931), many stud-
ies on this subject have been carried out. A computerized 
literature search using the key words “hypothyroidism” and 
“hypertension” clearly documents the increasing interest in 
the subjects, especially during the last 20 years; there has 
been an almost exponential growth in the last few years, 
the number of published papers has been 20 times higher 
since the year 2000, compared with those published during 
the 1980s (Figure 109.1). As a matter of fact, a functional 
link between thyroid state and arterial pressure is already 
discernible, according to the formula that defines BP as the 
product of cardiac output and the peripheral vascular resist-
ances, both factors known to be under the influence of TH 
(Guyton, 1981). On the one hand, TH sustains cardiac 
output by stimulating myocardial contractility and heart 
rate, and on the other hand, it decreases peripheral arterial 
resistance by inducing vasodilation. Hypothyroidism is con-
sequently characterized by a decrease in cardiac perform-
ance and an increase in vascular resistance. The net balance 
between these two factors may be the major determinant 
of the type and extent of arterial BP modifications, known 
to vary from a marked hypotension that can sporadically 
complicate acute hypothyroidism (with prevalent cardiac 
depression) to the diastolic hypertension associated with a 
low pulse pressure in the chronic hypothyroid state (with 
prevalent vasoconstriction) (Klein and Ojamaa, 2001).

Moreover, multiple neuroendocrine and metabolic links 
exist between arterial hypertension and hypothyroidism. 

It is known that metabolic and neuroendocrine altera-
tions may be associated with arterial hypertension, induc-
ing both adjunctive cardiovascular risk and the vascular, 
cerebral, renal and cardiac pathologies that denote the 
so-called “hypertensive target organ damage” (Guidelines 
Subcommittee, 1999). A hypothyroid dysfunction may 
interact with all these factors and conditions, inducing or 
aggravating the elevation of BP levels and its burden of 
cardiovascular pathology.

In this chapter, after presenting an outline of both 
hypertensive and hypothyroid states, we will review the 
cardiovascular and (neuro)endocrine relationships between 
the two disorders, beginning with a discussion of basic 
cellular mechanisms and concluding with a discussion of 
pathophysiological and clinically related aspects.

Hypertension and Hypothyroidism as 
Individual and Combined Disorders

Hypertension: a syndrome with many 
components, from cardiovascular risk to target 
organ damage

Arterial hypertension results from increased hydrostatic 
pressure into arterial vessels secondary to an altered hemo-
dynamic ratio between cardiac stroke and peripheral resist-
ances. Arterial hypertension represents one of the major 
health problems worldwide, named “the silent killer” 
by Thomas Pickering in 1972 for its ability to progress 
asymptomatically for many years and only come to medi-
cal attention late, at a stage of symptomatic established 
organ damage (Fischer and Williams, 2005). Within a 
population, BP is a continuous variable, distributed in a 
roughly normal (or Gaussian) manner. Thus, we do not 
have two distinct groups of individuals, i.e., those with 
and those without hypertension, but a continuous range 
of BP values does exist. The first consequence is that any 
definition of hypertension is necessarily arbitrary and may 
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change according to various expert groups and over time. 
The 1993 guidelines of the British Hypertension Society 
took a rather conservative position, suggesting treatment 
of patients with uncomplicated hypertension and a systo-
lic BP  160 mmHg or a diastolic BP  100 mmHg, 
confirmed by several measurements. In contrast, the more 
recent guidelines produced by the American Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (JNC-7) or the Joint 
Committee of the European Society of Hypertension and 
European Society of Cardiology (Task Force Members 
European Society of Hypertension and European Society 
of Cardiology, 2007) define a hypertensive condition as 
elevated BP equal to or exceeding 140/90 mmHg, with a 
few differences in subgroup classification as reported in 
Table 109.1. Although 5–10% of the high BP values derive 
from an underlying causal condition (so-called second-
ary hypertension) in 90–95% of the cases, the origin of 
hypertension remains undetermined (so-called primitive 
or essential hypertension). The main causes of second-
ary hypertension include renovascular hypertension, renal 
parenchymal disease, coarctation of aorta, pre-eclampsia, 
and several endocrine dysfunctions such as Cushing’s syn-
drome, hyperaldosteronism, feocromocitoma, and overt 
hyper- and hypothyroidism.

A major concern is the high prevalence of hypertension, 
currently the cause of over 7 million deaths worldwide and  
estimated to increase by almost 60% by 2025 due to the 

aging population and the spread of a western lifestyle in 
developing countries; lowering BP is thus a major goal 
of public health policies, since even small decreases (5–
10 mmHg) in systolic and diastolic levels have been shown 
to significantly reduce the risk of stroke and myocardial 
infarction (Kaplan, 2002; Horton, 2007). The prevalence 
of hypertension necessarily varies depending on the defini-
tion adopted. Using the stricter definition of systolic BP 
as greater than 140 mmHg or a diastolic pressure greater 
than 90 mmHg, or current treatment with antihypertensive 
medication, the prevalence of hypertension varies from 4% 
in 18–29-year-olds to 65% in individuals in their 80s in 
the US population. In the 1996 Health Survey for England, 
the prevalence was found to be approximately 50% in peo-
ple aged between 65 and 74 years. Diastolic BP plateaus in 
the fifth decade and may decline thereafter, but systolic BP 
continues to rise through the seventh decade. Currently, it 
is also estimated that one-third of the US population has 
hypertension or are taking antihypertensive medications. 
In addition, 45 million adults in the United States (20% of 
the total population) suffer from prehypertension. A rapid 
analysis of the above data clearly indicates that, at least 
in all developed societies, BP tends to increase with age. 
A natural expected consequence is that, with the increas-
ing age of the general population over time, the prevalence 
of hypertension and its complications is likely to increase 
rather than decrease. In young adulthood and early middle 
age, hypertension is more common in men than in women, 

Table 109.1 Classification of arterial hypertension according to blood pressure levels

Category

ESH/ESC 2003

SBP (mmHg) DBP (mmHg)

Normal 120 80
Prehypertension 120–139 80–89
Stage 1 hypertension 140–159 90–99
Stage 2 hypertension 160 100

JNC/7 2003 BHS 2004–2006 ESH/ESC 2007

SBP (mmHg) DBP (mmHg)

Optimal 120 80
Normal 130 85
High normal 130–139 85–89
Grade 1 hypertension 140–159 90–99
Grade 2 hypertension 160–179 100–109
Grade 3 hypertension 180 110
aIsolated systolic hypertension 140 90
bIsolated systolic hypertension 1 140–159 90
bIsolated systolic hypertension 2 160 90

Notes: ESH/ESC: European Society of Hypertension–European Society of Cardiology 
guidelines, 2003 and 2007; JNC/7: seventh report of the Joint National Committee on 
Prevention, Detection, Evaluation and Treatment of High Blood Pressure, 2003; BHS: 
report of the fourth working party of the British Hypertension Society, 2004; and update  
of the NICE Hypertension Guidelines, 2006.
aOnly for JNC/7 guidelines and ESH/ESC 2007 guidelines.
bOnly for BHS guidelines.
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but the opposite is the case in persons aged 60 years and 
older. At all ages, hypertension is more common in African 
Americans than in Whites; in all ethnic and racial groups, 
it is more common in the economically disadvantaged.

An important emerging concept is that hypertension 
is frequently associated with additional co-morbidities  
that contribute to increasing cardiovascular risk (Figure 

109.2). That an elevation of BP in the heart and ves-
sels represents a major determinant of cardiovascular and 
renal pathology has been known since the observations 
of Richard Bright in 1827 regarding the hard pulse, ple-
thoric appearance, cardiac hypertrophy and renal atrophy 
of affected individuals who later died from heart attacks. 
After several decades of investigation of its endocrine, 
metabolic and neural mechanisms, and following the pub-
lication of the epidemiological data of the Framingham 
study in the 1970s, arterial hypertension has been rec-
ognized as perhaps the most important cardiovascular 
risk factor, favoring multiple pathologies (Fischer and 
Williams, 2005) such as acute myocardial infarction, 
stroke, aortic aneurysm, peripheral vascular insufficiency, 
and heart and renal failures, to cite the most relevant ones. 
An outline of the hypertensive syndrome is provided in 
Figure 109.3, where a simple physical parameter, i.e., BP, 
is shown linking a cascade of biohumoral risk factors 
and organ diseases, each of them associated with arterial 
hypertension either dependently (target organ damage) 

or independently (associated conditions), as reported in 
the most recent international guidelines (Williams et al., 
2004a; Williams et al., 2004b; Jones and Hall, 2003; 
Sever, 2006; Task Force Members European Society of 
Hypertension and European Society of Cardiology, 2007). 
For all these reasons, a few years ago, the American Society 
of Hypertension Writing Group proposed a new defini-
tion of hypertension as “A progressive cardiovascular syn-
drome arising from complex and interrelated etiologies. 
Early markers of the syndrome are often present before 
BP elevation is sustained; therefore, hypertension cannot 
be classified solely by discrete BP thresholds. Progression is 
strongly associated with functional and structural cardiac 
and vascular abnormalities that damage the heart, kidneys, 
brain, vasculature and other organs, and lead to premature 
morbidity and death.”

The relationship between BP and cardiovascular risk has 
largely been determined in middle-aged and older people, 
but above-normal BP in young adulthood is also related to 
increased long-term cardiovascular and all-cause mortality. 
Indeed, in people younger than 50 years, diastolic BP level 
is the major predictor of cardiovascular risk, whereas systolic 
BP is the major predictor in those older than 60 years.

Notably, the relationship between BP and cardiovascu-
lar morbidity and mortality begins in patients whose BP 
is higher than optimal levels (i.e., 115/75 mmHg) and is 
strong, continuous, graded and consistent.
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Figure 109.2 The relationship between hypertensive disease 
and target organs morbidities that contribute to an increased  
cardiovascular risk. Note the key role of the endothelial dysfunction 
and neuroendocrine activation.
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Figure 109.3 Main determinants of cardiovascular derange-
ment in the presence of arterial hypertension. The figure is a sche-
matic representation of the linkage existing between hypertension 
and biohumoral risk factors/organ diseases that generates target 
organ’s disease and associated pathological conditions. BP, blood 
pressure; CO, cardiac output; TPR, total peripheral resistances.
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Hypothyroidism

Hypothyroidism can be defined as a defect in TH action; 
it is the most common thyroid function disorder and, in 
general, the most common endocrine function disorder 
(Roberts and Ladenson, 2004). A number of clinical  
conditions may lead to hypothyroidism. Primary hypothy-
roidism includes all causes that render the thyroid gland 
unable to supply peripheral tissue with a sufficient amount 
of hormone. Primary hypothyroidism is responsible 
for more than 99% of cases of hypothyroidism. When 
hypothyroidism arises from inadequate stimulation of a 
normal thyroid gland due to a defect in thyrotropin (TSH, 
i.e., secondary or pituitary hypothyroidism) or thyrotropin- 
releasing hormone (TRH) synthesis and/or secretion  
(tertiary or hypothalamic hypothyroidism), this form is 
conventionally referred to as central hypothyroidism. A 
much less common cause of hypothyroidism derives from a 
defect in the responsiveness of target tissues in the presence 
of a normal hypothalamus pituitary–thyroid axis (periph-
eral resistance to TH). The severity of the disease and its 
signs and symptoms strictly depends on the nature, dura-
tion and degree of TH deprivation. A hypothyroid state can 
thus be classified on the basis of its time of onset (congeni-
tal or acquired) and its severity (overt, i.e., clinical hypothy-
roidism and subclinical, i.e., mild hypothyroidism, also 
defined as elevated serum TSH concentration in the pres-
ence of normal serum free thyroxine (fT4)). The most com-
mon cause of congenital hypothyroidism remains endemic 
iodine deficiency (Hetzel, 2002): more than 1000 million 
people in the world suffer from a condition of chronic 
iodine deficiency. However, as in the case of hypertension, 
hypothyroidism is a typical disorder of adult life, occurring 
more frequently in women than in men and increasing in 
incidence with age, especially after the onset of middle age. 
The foremost cause of acquired hypothyroidism is chronic 
autoimmune (Hashimoto’s) thyroiditis. Autoimmune thy-
roiditis is more common in geographic areas of higher die-
tary iodine. A high iodine intake may indeed increase the 
prevalence of autoimmune hypothyroidism, most likely by 
enhancing thyroglobulin antigenicity (Rose et al., 1999). 
Other causes include total or partial thyroidectomy, thy-
roid ablation with radioactive iodine, neck radiation, or the 
effects of several drugs that can cause interference with syn-
thesis and/or release of TH, such as amiodarone and lith-
ium (Roberts and Ladenson, 2004).

The most common causes of central hypothyroidism are 
pituitary adenomas, craniopharyngiomas and the surgery 
and/or radiotherapy used to treat them. Central hypothy-
roidism can also result from other tumors (i.e., glioma, 
meningioma, chordoma, etc.), from a number of infiltra-
tive conditions, such as sarcoidosis and histiocytosis, and 
from postpartum necrosis (Sheehan’s syndrome).

Serum TSH measurement is the first-line diagnostic test 
for hypothyroidism in most clinical settings. The TSH assay 

can be insensitive in diagnosing hypothyroidism in very 
few circumstances, but especially in patients with central 
hypothyroidism due to hypothalamic or pituitary disorders. 
The upper limit of the TSH reference range is currently 
under debate. The main consequence is that the diagno-
sis of subclinical hypothyroidism critically depends on the  
definition of the normal range of TSH serum concentrations. 
TSH cut-off values of 4–5 mIU/l have conventionally 
been adopted to diagnose elevated TSH serum concentra-
tions; recent data from large population-based studies have 
indicated that more than 95% of normal individuals have 
TSH levels below 2.5 mIU/l. Also, the National Academy 
of Clinical Biochemistry (NACB) guidelines recommended 
the use of 2.5 mIU/l as the more appropriate upper normal 
limit of TSH (Demers and Spencer, 2002). The prevalence 
of hypothyroidism varies from as low as 1% to as high as 
14%, necessarily depending on the definition of the TSH 
upper limit of normal range used. The prevalence of 
hypothyroidism was higher in Whites than in Blacks, rang-
ing from 4% to 8% in the adult US population. The preva-
lence varies by iodine intake and clearly increases with age, 
and may reach up to 20% in women older than 60 years.

The hypertensive and the hypothyroid state as 
a combined disorder

Notwithstanding the expansion of knowledge on the issue 
to date, the concept of the hypothyroid state as a cause of 
hypertension is still under debate. This is primarily due to 
the reported data on the prevalence of hypertension in the 
hypothyroid population that remains undefined, ranging 
from 0% to 50% (Kaplan, 1978; Strong et al., 1977; Skelton 
and Sonnenblick, 1977). Most of the large discrepancies 
observed may be due to the clinical cut-off adopted for diag-
nosis of the hypertensive and hypothyroid state, differences 
in the age, sex and duration of the disease, and other clini-
cal characteristics (in particular adiposity) of studied popu-
lations. However, the results obtained from the bulk of the 
studies suggest a convincing association between hyperten-
sion and hypothyroidism, with a prevalence of hypertension 
in hypothyroid subjects, particularly of elevated diastolic BP, 
nearly triple that seen in the general population. In particu-
lar, in subjects over 50 years of age, the overall data indicate 
a 30% prevalence of hypertension in hypothyroid subjects 
(Saito et al., 1983). Moreover, the significant correlations 
found between TH levels and diastolic BP suggest that TH 
deficiency per se may contribute to an increase in pressure 
values. Conversely, the hypothesis of a strict pathophysiolog-
ical relationship between the development of hypertension 
and the hypothyroid state is reinforced by population-based 
studies that revealed the presence of unrecognized hypothy-
roidism in 3–5% of untreated hypertensive patients referred 
for study and management of their hypertension (Streeten 
et al., 1988 ). Even more interesting is the additional obser-
vation that in one-third of the cases, therapeutic restoration  
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of euthyroidism was associated with a normalization in 
diastolic BP values. As expected, most responsive patients 
were younger than those who continued to require anti-
hypertensive therapy; in fact, this observation fitted well 
with the general observation that hypertension in older  
subjects frequently persists when the initiating cause has 
been removed, as in the case of primary aldosteronism or 
renal arterial stenosis (Streeten et al., 1988).

Importantly, recent population-based studies indicate 
the existence of a continuous linear relationship between 
thyroid function and cardiovascular risk, regarding both 
the atherogenic and the metabolic profiles; in fact, this rela-
tionship is valid over the entire range of thyroid function 
levels, encompassing both subclinical hypothyroidism and 
euthyroidism, so that even low-normal TH or high-normal 
TSH levels may act as independent cardiovascular risk  
factors (Fazio et al., 2004).

Interestingly, a similar aspect is true for arterial BP that 
influences cardiovascular risk in a continuous manner, as 
known from the reports of the Framingham study (Kaplan, 
1978), and is also reflected by the progressive lowering of 
the normal limit of diastolic and systolic values, as operated 
by the guidelines of international scientific societies.

In summary, most evidence in the literature indicates that 
a low (and low-normal) thyroid function can influence the 
cardiovascular system either directly, as a consequence of the 
lack of the beneficial effect of TH on heart and vessel physi-
ology, or indirectly, by aggravating most of the recognized 
risk factors that can lead to cardiovascular damage.

An attractive alternative hypothesis suggests that thy-
roid hypofunction may be secondary to the development 
of hypertension. An unidentified peptide with a molecular 
weight ranging from 400 to 419 Da, released by the kidneys 
during elevation of BP (“thyroid depressing factor,” i.e., 
TDF) (Threatte et al., 1982), has been indicated as able to 
reduce both iodine uptake and release by the thyroid gland. 
Higher levels of TDF were found in the liver, kidneys and 
plasma of hypertensive rats when compared with normoten-
sive rats. Also, an increase in TSH levels during the develop-
ment of experimental renal hypertension has been observed. 
However, data supporting this hypothesis are very limited 
and data on humans are lacking. In summary, an association 
between hypertension and the hypothyroid state is likely to 
be present in the adult population, while the pathophysio-
logical causal link between the two disorders remains much 
less well-defined.

Thyroid Hormone Action within the 
Heart and Vascular System: from 
Cellular to Hemodynamic Effects

Cardiac effects

A strong argument in favor of a possible causal relation-
ship between the occurrence of a hypertensive state in 

the presence of thyroid hypofunction should be based on  
evidence of molecular and cellular actions resulting from a 
TH defect able to induce a cardiovascular reset tending to 
the development of hypertension.

TH clearly affects the homeostasis of the cardiovascular sys-
tem; the principal basic mechanisms involved in TH control 
of the heart and vascular system are briefly discussed below.

Most biologically active triiodothyronine (T3) derives 
in the peripheral tissues from the conversion of prohor-
mone thyroxine (T4) secreted by the thyroid gland. For 
the conversion of T4 into T3, two iodothyronine 5-mon-
odeiodinases have been identified: Type I deiodinase (D1) 
and Type II deiodinase (D2). A third monodeiodinase, 
called Type III deiodinase (D3), catalyzes the inactivation 
pathway of T4 converting the hormone to the biologically 
inactive reverse-T3 (rT3) (Sabatino and Chopra, 1999). 
D1 and D2 constitute a homeostatic system that con-
trols circulating and intracellular concentrations of active 
THT3. D1 is considered the major source of circulating 
T3, and D2 is responsible for the local production of T3 
in the tissues (Croteau et al., 1996). However, more recent 
data seems to support the hypothesis that D2 action also 
represents the main source of circulating T3, at least in 
humans (Maia et al., 2005).

The effects of TH are primarily the result of the interac-
tion of T3 with a specific thyroid hormone nuclear recep-
tor (TR). In humans, two TR isoforms, indicated as TR- 
and TR-, have been described. Both isoforms bind T3 
and mediate TH-regulated gene expression. In addition, 
alternative splicing of the initial RNA transcript of the  
TR- gene generates two mature mRNAs that encode  
TR-1 and c-erbA-2. (Izumo et al., 1987); the latter 
form does not bind T3 and therefore may act as an inhibi-
tor of TH action by competing for the binding to DNA 
(Kahaly and Dillmann, 2005). Two TR- isoforms are also 
generated by the use of alternative promoter; both of them 
bind T3 and can mediate TH-dependent transcription.

TR-1 represents approximately 70%, and TR-1 the 
remaining 30% of all TR in the ventricular cardiac cells 
(Swanson et al., 2003).

Although most of the effects of TH are mediated by 
nuclear regulation of target mRNA expression, there is 
clear evidence of additional nongenomic, rapid (seconds 
or minutes) actions of T3 and T4 (Davis et al., 2002).

Various cardiac proteins, such as -myosin heavy chain 
(-MHC) and -myosin heavy chain (-MHC), sarcoplas-
mic reticulum Ca-ATPase (SERCA2), Na/Ca exchanger 
(NCX), phospholamban and voltage-gated potassium chan-
nels are regulated by TH. T3 regulates the expression of 
the two -MHC and -MHC isoforms by increasing the 
expression of the former and decreasing that of the latter 
(Dillmann et al., 1989). Moreover, T3 stimulates nearly all 
of the enzyme systems involved in Ca and ion flux. In 
adults, SERCA2 is responsible for cytosolic Ca homeos-
tasis by regulating the amount of Ca released during each 
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cardiac cycle. Phospholamban inhibits SERCA2 through a 
decrease in its affinity for Ca (Koss and Kranias, 1996). 
TH stimulates SERCA2 (Kiss et al., 1994) and inhibits 
phospholamban, so that the ratio of phospholamban to 
CaATPase is higher in hypothyroid hearts.

Vascular effects

Both THs markedly affect peripheral vascular tone (Klein 
and Ojamaa, 2001). When TH is administered, a rapid 
reduction in peripheral vascular resistance is observed 
(Klein, 1990; Ojamaa et al., 1996). This effect is second-
ary either to the local release of vasodilators, which follows 
the increased metabolic activity and oxygen consump-
tion induced by the hormone, or to the direct effect of 
T3 on vascular smooth muscle cells (Ojamaa et al., 1994; 
Gomberg-Maitland and Frishman, 1998).

At present, the multiple mechanisms by which TH per se 
influences the peripheral vasculature have not been fully 
explained. The endothelium has indeed been indicated 
to serve as a pressure sensor both by secreting factors 
with vasodilating action and by modulating responsive-
ness to counteracting vasoconstrictors. THs may modu-
late vascular smooth muscle tone through the synthesis 
and release of endothelium-derived relaxing molecules, 
such as nitric oxide (NO), and of unidentified diffus-
ible endothelium-derived hyperpolarizing factors (EDHF) 
that act via potassium channels opening. Notably, when 
release of endothelial mediators of vascular smooth mus-
cle tone is altered, the subsequent functional abnormali-
ties also predispose to the development of atherosclerosis 
and hypertension. Furthermore, it has been shown that 
both THs directly interact with vascular smooth muscle 
(VSM) cells of isolated rabbit mesenteric artery, causing 
dilation (Ishikawa et al., 1989); Zwaveling et al. (1997) 
have observed that T4 is more potent than T3 in induc-
ing vascular relaxation in rat mesenteric resistance vessels. 
Additional in vitro studies have demonstrated that expo-
sure to T3 of VSM cells isolated from rat aorta caused 
these cells to relax rapidly; T4 did not compete for the 
binding sites of T3. This effect was independent of cAMP 
and NO formation (Ojamaa et al., 1996). Indeed, primary 
cultures of vascular endothelial cells exposed to T3 do not 
show NO production, indicating that T3 interacts directly 
with VSM cells to cause relaxation. In rat skeletal muscle 
resistance arteries, T3 is more effective than T4 in inducing 
vasodilation (Rosler, 1967). This dilation appears to have 
both endothelium-dependent and endothelium-independ-
ent components, because T3 dilation was attenuated by 
N(G)-nitro-l-arginine, indomethacin and glibenclamide. 
Recently, direct effects of THs have also been described in 
rat coronary arteries within a few seconds of administra-
tion, suggesting a nongenomic mechanism of vasodilating 
action of the hormone (Yoneda et al., 1998). An overall 
analysis of the cited studies highlights a large variety of 

somewhat contrasting data that precludes drawing defini-
tive conclusions; however, the different methods and the 
different experimental approaches adopted may explain, at 
least in part, the variety of results reported regarding the 
vascular effects of THs.

An important additional finding is that D1 activ-
ity has been characterized and D2 expression identified 
in cultured human coronary artery cells and human aor-
tic cells (Mizuma et al., 2001). The presence of the main 
enzyme involved in the local supply of biologically active 
T3 from T4 conversion suggests that vascular smooth 
muscle cells are indeed potential physiological targets for 
the action of THs (Mizuma et al., 2001; Ojamaa et al., 
1996). Moreover, the identification of four TR mRNA 
isoforms in both types of vascular muscle cells points to a 
classic genomic action of T3 (Mizuma et al., 2001). A fas-
cinating hypothesis is that, in addition to the nongenomic 
effects of T3 on the vascular tone, T3 may determine vas-
cular muscle cell contractility by regulating its phenotype 
through classic nuclear transcription mechanisms.

Importantly, in hypothyroid rats, renal sensitivity to 
endothelium-dependent and NO donor vasodilators is 
also diminished; the decreased responsiveness to vasodi-
lation in renal vessels may explain, at least in part, the 
observed increase in vascular total resistance in the pres-
ence of a hypothyroid state (Vargas et al., 2006). The 
impaired water excretion occurring in hypothyroidism 
may thus reflect the alteration in renal plasma flow and 
glomerular filtration rate secondary to increased systemic 
resistance and generalized vascular contraction, together 
with reduced cardiac output, all corrected by synthetic TH 
substitutive treatment.

Microcirculatory effects

To date, few studies have been carried out to investigate the 
possible role of THs on in vivo microcirculation. Recent 
data from our laboratory have shown that T3 administra-
tion causes a dose-dependent dilation of hamster cheek 
pouch arterioles within a few minutes of its application 
(Colantuoni et al., 2005). This result confirms the non-
genomic mechanism of microcirculatory action triggered 
by THs. In addition, arteriolar relaxation was abolished by 
NO synthase (NOS) inhibition, indicating a correlation 
between T3-induced dilation and NOS activation. NO is 
known to activate soluble guanylate cyclase in neighbor-
ing cells, which leads to an increase in cGMP, inducing the 
relaxation of VSM (Ojamaa et al., 1996; Feng and Hedner, 
1990). Therefore, these results support the hypothesis that 
NO is the main factor in T3-induced arteriolar dilation  
in vivo, at least in experimental animal models. 
Interestingly, the same studies demonstrated that T4 causes 
arteriole dilation after its application, but time to dilation 
was significantly different for T4 and T3. However, the 
effect of T4 was abolished by iopanoic acid that inhibits 
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both D1 and D2, thus indicating that local conversion 
of T4 to T3 is crucial for the dilation induced by THs. 
Conversely, local application of propylthiouracil, an elec-
tive inhibitor of D1, does not change the vessel response 
to T4. Therefore, D2 is the enzyme mainly involved in the 
arteriolar dilation induced by T3 and, consequently, in the 
regulation of vascular tone. Altogether, these results dem-
onstrate that local T4 to T3 conversion plays an impor-
tant physiological role in the dilation induced by THs in  
in vivo microcirculation.

Hemodynamic effects

The cardiovascular system is responsible for all the oxygen 
exchanges and total renewal of body metabolic products. 
Using an extreme simplification, the cardiovascular system 
is comparable to a central pump (heart) and a system of 
ducts (vessels) that generate and maintain pressure gradi-
ents among various circulatory districts in order to guaran-
tee a capillary flux proportional to tissue needs. The two 

major hemodynamic determinants of BP are cardiac out-
put and peripheral total vascular resistance. Cardiac output 
is the quantity of blood ejected by the heart per unit time, 
and is the product of the stroke volume and the heart rate. 
The cardiac output may increase depending on an increase 
in diastolic filling volume (so-called Sterling mechanism) 
and/or a reduction in telesystolic volume secondary to an 
increased inotropism. Peripheral resistance can be defined as 
the ratio between the pressure fall and the flux throughout 
a vascular segment. Of the factors that influence vascular 
resistance according to the Poiseuille law (R  P/F  8l/
r4), the most important one is the vascular radius,  
being present as the fourth googol. Notably, TH modulates 
both the main determinants of BP by acting on systolic/ 
diastolic ventricular function and peripheral vascular 
tone; a schematic representation of the principal effects 
of a TH defect on peripheral vasculature and on systemic 
 hemodynamics is shown in Figures 109.4 and 109.5.

Energy expenditure may be another parameter under 
TH control, potentially affecting hemodynamics. TH is 
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known to modulate tissue metabolic demands, oxygen 
consumption, and heat production; on the other hand, 
resting and acting energy expenditure are reported to be 
increased in arterial hypertension independently of body 
mass index (Luke et al., 2004). Actually, TH stimulates 
energy expenditure and decreases metabolic efficiency not 
only during rest, but also during activity. However, much 
less defined is the molecular basis of TH nuclear and 
extra-nuclear action on the key points involved in energy 
control. Although oxygen consumption is a good measure 
of energy consumed in most circumstances, energy genera-
tion through oxidative processes does not always reflect the 
total energy expended. The first comprehensive hypothesis 
explaining the calorigenic effect of TH was that oxygen 
consumption was stimulated by uncoupling oxidative 
phosphorylation. More recently, it has been demonstrated 
that T3 can regulate the mRNA of some mitochondrial 
proteins involved in respiratory efficiency and in resting 
metabolic rate (uncoupling proteins, UCPs). The evidence 
of UCPs mRNA and mitochondrial-related protein den-
sity regulation by T3 may thus be a crucial step in explain-
ing the increase in metabolic rate and the reduction of 
 metabolic efficiency by TH.

Based on the above considerations, it is conceivable that 
some hemodynamic adjustments (i.e., cardiac output and 
vascular changes) may also follow primary modifications in 
metabolic demand. In this context, the decrease in cardiac 
output and increase in peripheral arterial resistance and 
diastolic BP in the hypothyroid state may be interpreted as 
the final result of an adaptive response to the reduction in 
tissue metabolic activities.

Mechanisms of Disease Underlying the 
Hypertensive and Hypothyroid States

Endothelial dysfunction and atherosclerosis

The vascular endothelium, in addition to being a physical 
and chemical barrier and a target for metabolic and hor-
monal stimuli, is an actively secreting organ involved in 
blood flow regulation, inflammation and vascular growth. 
In particular, a primitive endothelial dysfunction under-
lies the major part of cardiovascular risk and pathology in 
atherosclerosis, diabetes and arterial hypertension, where 
endothelial vasoconstrictor, inflammatory and mitogenic 
factors (such as endothelin 1, angiotensin II, thromboxane 
A2, prostaglandin E2 and reactive oxygen species) are acti-
vated and not sufficiently balanced by the opposite actions 
of NO and related vasodilating substances.

NO is an important mediator of cardiovascular pro-
tection by its vasodilator and natriuretic effects (Palmer 
et al., 1987). However, its bioavailability is decreased in 
arterial hypertension mainly due to accelerated degrada-
tion by oxidized cycloxygenase products; in particular, 
LDL and glycosylated molecules contribute to this process 

when hyperlipemia and/or diabetes coexist with the 
hypertensive condition (Panza et al., 1993; Sattar et al., 
2002). Acetylcholine and flow-mediated vasodilation are 
known to be impaired in hypertension and independ-
ent from BP levels (being genetically determined, at least 
in part) (Taddei et al., 1996). As a compensatory mecha-
nism, the activity of the EDHF is increased; however, it 
may be downregulated when NO availability is restored by 
blocking the oxidative stress (as with vitamins C and E). 
The tendency toward vasoconstriction is potentiated by 
the concomitant increase in the activity of endothelin-1, 
angiotensin II and other vasoactive substances, since they 
are not balanced proportionally by NO despite their posi-
tive feedback on NOS (Cardillo et al., 2000). Several key 
 factors involved in endothelial dysfunction and atheroscle-
rosis evolution seem to have a pathogenetic relationship 
with hypothyroidism. Alterations in endothelial function 
may result in impaired release of endothelium-derived 
releasing factors or increased release of endothelium-
derived contracting factors, both observed in the presence 
of thyroid hypofunction (Cappola and Ladenson, 2003).

Overt hypothyroidism is associated with an increased 
risk of atherosclerotic vascular disease. Increased total 
and LDL cholesterol, triglycerides and oxidized low-den-
sity lipoproteins have been reported in patients with overt 
hypothyroidism (Cappola and Ladenson, 2003).

A TH defect is also associated with significant changes 
in concentration, size and composition of HDL (Cappola 
and Ladenson, 2003). An altered coagulation/fibrinolytic 
profile characterized by a hypercoagulable state and abnor-
mal osteopontin expression at the site of vascular lesions, 
both markers of atherosclerosis induction, are present in 
experimental and human hypothyroidism (Cappola and 
Ladenson, 2003).

Other risk factors for development of atherosclerosis 
associated with a hypothyroid state include elevated  
C-reactive protein and homocysteine levels, insulin resist-
ance and arterial stiffness (Cappola and Ladenson, 2003).

Furthermore, clinical studies have reported that patients 
with subclinical hypothyroidism show endothelial dys-
function and impaired NO availability (Chakrabarti and 
Ray, 2000).

By evaluating the forearm blood flow response to 
intrabrachial injection of acetylcholine, an endothelium-
dependent vasodilator, at baseline and during infusion 
of N(G)-monomethyl-l-arginine (l-NMMA), an NOS 
inhibitor, vasodilation to acetylcholine is reduced, while  
l-NMMA is ineffective in subclinical hypothyroid 
patients. After synthetic TH replacement therapy, ace-
tylcholine-induced vasodilation increases and l-NMMA 
inhibition is restored. Thus, patients with subclinical 
hypothyroidism are also characterized by endothelial dys-
function resulting from decreased NO availability, and this 
condition is reversed by TH supplementation (Chakrabarti 
and Ray, 2000).
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Interestingly, TH also upregulates NOS activity at 
the hypothalamus and kidney levels, where the system is 
involved in sodium balance and arterial pressure regula-
tion by limiting salt appetite and favoring sodium excre-
tion, respectively. Therefore, besides the above-mentioned 
renal hemodynamic and endocrine factors, this mechanism 
may also contribute to the salt sensitivity of arterial BP in 
hypothyroid individuals (Quesada et al., 2002).

Renal and neuroendocrine-related  
mechanisms

Long after the discovery of renin in the late nineteenth 
century, the pathophysiology of arterial hypertension 
has been linked to the activation of vasoactive and salt-
 retaining hormones; the neuroendocrine hypothesis has 
indeed been the base of a widely used paradigm (vaso-
constriction/volume-dependent hypertension) to explain 
hypertensive pathophysiology and characterize different 
clinical presentations (Laragh, 1973; Johnson et al., 2005).

The renin–angiotensin–aldosterone and sympathetic 
nervous systems are the main homeostatic effectors of 
vasoconstriction and sodium retention, paralleled by vaso-
pressin/adiuretin activation. They all act synergistically 
but, at the same time, are balanced by counter-regulatory 
vasodilator and natriuretic mechanisms, particularly the 
natriuretic peptides and the NO system, also interplaying 
with endothelial redox systems, inflammatory cytokines 
and growth factors (Kaplan, 2002).

A low thyroid function can influence many of the 
neuro-humoral systems involved in vascular tone and 
plasma volume regulation. It has long been known that 
chronic hypothyroid patients show an increase in periph-
eral arterial resistance. This is principally due to the lack 
of direct T3-dependent vasorelaxation and to an increase 
in arterial wall thickness (Cappola and Ladenson, 2003; 
Rawat and Satyal, 2004), but enhanced sympathetic activ-
ity may also contribute significantly to peripheral vasocon-
striction, probably as a powerful compensatory mechanism 
for the decreased cardiac contractility and intravascular 
volume which follows TH deprivation. The enhanced sym-
pathetic efflux may eventually overcome a downregulation 
of post-synaptic vasoconstrictor -adrenoreceptors, which 
is described in hypothyroid states, at variance with what is 
observed in normal physiology, where a positive relation-
ship does exist between TH and the number and activi-
ties of noradrenergic receptors (Gomberg-Maitland and 
Frishman, 1998).

On the other hand, the number and function of vasodi-
lator -adrenoreceptors is also reduced in hypothyroidism 
and represents a major cause of the decrease in renin secre-
tion (together with lowered liver angiotensinogen produc-
tion); reduced number and functions of angiotensin 1 
receptors contribute to the decrease in angiotensin II activ-
ity at the brain, heart, vessels, adrenal and renal levels. The 

inhibition of the rennin–angiotensin system could lead to 
significant vasodilation, volume depletion and hypoten-
sion, if not sufficiently compensated by the activation of 
opposing pressor and salt-retention systems. As a matter of 
fact, T3 deprivation, besides increasing sympathetic efflux, 
may release the normal inhibition of vasopressin induced 
by TH, thus favoring vasoconstriction and maintaining 
intravascular volume. Moreover, despite the decreased 
angiotensin II levels, plasma aldosterone is frequently 
found to be normal or even increased in hypothyroidism 
(Fletcher and Weetman, 1998; Fommei and Iervasi, 2002). 
This fact could be in keeping with either an adrenal super-
sensitivity to angiotensin II, as in some forms of low-renin 
salt-sensitive hypertension, or a reduced renal clearance, 
which seems to sustain cortisol levels.

Finally, hypothyroidism downregulates the activity of 
NO and cardiac natriuretic peptides at vascular, glomerular 
and tubular receptors (Vargas et al., 2006), decreasing their 
effects on vasodilation and natriuresis. The net effect of all 
the above-mentioned neuroendocrine actions, coupled 
with the lack of direct T3-dependent vasodilation, pro-
duces an increase in vascular resistance. In the kidneys, this 
may lead to a decrease in glomerular filtration and med-
ullary flow rate with impairment of glomerular–tubular  
balance and increase in sodium reabsorption, favoring 
the salt sensitivity of arterial BP (Allon et al., 1990; Park 
et al., 2001). In this respect, BP is frequently found to 
be salt-sensitivein patients with chronic hypothyroidism. 
Interesting pathophysiological data on the relationships 
between thyroid function and neuroendocrine aspects of 
BP control in the absence of cardiovascular disease have 
been derived from a human model of acute severe hypothy-
roidism (Fommei and Iervasi, 2002). A selected group of 
normotensive thyroidectomized patients, all of them free 
of any pharmacological treatment, was studied during  
synthetic l-thyroxine (L-T4) treatment and 6 weeks after 
L-T4 withdrawal. BP level was determined by the use of 
24-h ambulatory monitoring, which has been shown to 
approximate the actual intra-arterial values more accu-
rately than casual measures (Pickering, 1991). The main 
finding of the study was that TH withdrawal induced an 
increase in BP levels, particularly diastolic, reversible with 
TH replacement therapy. Importantly, in the hypothyroid 
state, mean values for plasma catecholamines were in the 
upper normal range; during L-T4 replacement therapy, 
noradrenaline decreased significantly as did adrenaline, 
although to a lesser degree of significance. Also, mean 
aldosterone and cortisol levels were significantly higher 
when compared with the corresponding values measured 
under L-T4 treatment (Figure 109.6). Thus, the overall data 
indicate that sympatho-adrenal stimulation could contrib-
ute to sustaining BP levels during acute hypothyroidism, 
as a possible mechanism counteracting the decrease in 
myocardial inotropism and cardiac output. Additionally, 
during hypothyroidism, free triiodothyronine (fT3) and 
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TSH correlated with noradrenaline levels; with TH replace-
ment therapy, fT3 also correlated significantly with daytime 
BP levels. Altogether, the cited findings clearly indicate 
that TH contributes to systemic arterial BP homeostasis in 
physiological conditions. In particular, the high significant  
correlations observed between fT3 and diastolic BP in 
both the hypothyroid state and during BP replacement 
strongly suggest a direct cause–effect relationship. It should 
be underlined, however, that along with the clear advan-
tages of the unique human model adopted in providing 
new insights on the in vivo physiological role of TH on BP  
control, some caution is needed in transferring the results 
to the effects of long-term thyroid function abnormalities.

Hypertensive target organ damage: the 
potential role of a hypothyroid state

Arterial hypertension represents a major risk factor for vas-
cular, cardiac, renal and cerebral pathologies so that the 
existence of the so-called target organ damage (in vessels, 

heart, kidneys and brain) is both a criterion for assessing 
the clinical severity of the disease and an issue for second-
ary prevention and targeted therapy, as reported in the 
current guidelines. There are multiple mechanisms under-
lying its pathogenesis, including neuro-humoral activation, 
endothelium dysfunction, atherogenesis and thrombo-
sis, cardiovascular hypertrophy and remodeling. In fact, 
hypertension may accelerate atherosclerosis, aneurismatic 
disease, and thrombosis in the aorta and major arteries; it 
may induce ventricular hypertrophy, diastolic dysfunction 
and cardiac failure (hypertensive cardiomyopathy), as well 
as proteinuria, glomerulosclerosis, renal failure (hyperten-
sive nephropathy), and microvascular disease, stroke and 
dementia (hypertensive encephalopathy).

Vast knowledge of the cardiovascular pathology brought 
about by hypertension exists in medical literature, and 
progressive efforts are being made to reduce the relative 
risks by BP control in populations. Although these efforts 
have been quite successful in reducing stroke, hypertensive 
heart and kidney diseases still represent a major cause of  
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coronary events, heart failure and end-stage renal insuf-
ficiency, which are currently on the rise among the aging 
population. Moreover, arterial hypertension has recently 
been implicated as a risk factor in the pathogenesis of 
dementia, which may be a consequence of not only hyper-
tensive cerebrovascular disease (vascular dementia), but also 
neurodegenerative processes favored by hypertension itself, 
which may lead to Alzheimer’s disease (Tzourio, 2007).

The notion that hypothyroidism may adversely influ-
ence hypertensive damage derives from the considera-
tion that TH is normally a beneficial regulator of the 
metabolic, structural and hemodynamic parameters whose 
abnormalities underlie the hypertensive target organ 
pathology. Hypothyroidism may indeed aggravate diasto-
lic dysfunction, myocardial hypertrophy and contractil-
ity (Klein and Ojamaa, 2001; Fazio et al., 2004); it may 
worsen endothelial dysfunction and atherosclerotic process 
in the vasculature (Cappola and Ladenson, 2003), as well 
as further reducing glomerular filtration rate and glomeru-
lar–tubular balance (Park et al., 2001) contributing to the 
salt-sensitivity of BP; and, finally, it may aggravate hyper-
tensive cerebrovascular disease and cognitive impairment. 
Given these effects of hypothyroidism in hypertension, it 
might be true theoretically that arterial hypertension may 
also, in turn, worsen the effects of hypothyroidism on the 
cardiovascular system, the kidneys and the central nervous 
system. In this regard, it is known that, similarly to arterial 
hypertension, hypothyroidism may induce left ventricular 
hypertrophy, diastolic and systolic dysfunction, glomerulo-
sclerosis and renal insufficiency, cerebral edema, microvascu-
lar disease and dementia (Squizzato et al., 2005; Bono et al., 
2004). All these considerations suggest that hypothyroidism 
and arterial hypertension may share many mechanisms 
of cardiovascular risk and organ damage, reinforcing the 
knowledge of a close relationship between the thyroid and  
cardiovascular system, particularly regarding BP regulation.

Metabolic syndrome and the hypothyroid state

Arterial hypertension has been indicated as a component 
of the so-called “metabolic syndrome” that is defined 
as a cluster of hemodynamic and metabolic abnormali-
ties, which include high BP, insulin resistance or glucose 
intolerance, atherogenic dyslipidemia, abdominal obesity, 
a proinflammatory state and a prothrombotic state. At 
least three of the following criteria must be satisfied for a 
positive diagnosis (Grundy et al., 2004): (1) abdominal 
obesity (waist circumference in men 102 cm, in women 
88 cm); (2) triglycerides 150 mg/dl; (3) high-density 
lipoprotein cholesterol 40 mg/dl in men and 50 mg/
dl (1.3 mmol/l) in women; (4) BP 130/85 mmHg; and  
(5) fasting plasma glucose 110 mg/dl.

People with metabolic syndrome are usually known to 
be at high risk of cardiovascular disease. A still-controversial 
opinion considers the overall risk arising from the interaction 

of all those factors as exceeding the simple sum of the indi-
vidual risks, particularly for coronary heart disease, stroke 
and diabetes.

As in the case of hypertension (and hypothyroidism) 
as a single disorder, prevalence of the metabolic syndrome 
increases with age, especially after middle age, with the 
highest prevalence in older persons. A recent interna-
tional conference on clinical management of metabolic 
syndrome identified three potential etiologic categories of 
both genetic and acquired causes: (1) obesity and disor-
ders of the adipose tissue; (2) insulin resistance; and (3) a 
constellation of independent factors that mediate specific 
components of the syndrome (Grundy et al., 2004). In this 
last context, it is noteworthy that besides arterial hyperten-
sion, clinical and subclinical hypothyroidism have been 
indicated as a risk factor for all the principal components 
of metabolic syndrome. Indeed, the presence of a low 
thyroid function increases the atherogenic risk by increas-
ing LDL lipoproteins and triglycerides, and decreasing 
HDL cholesterol levels (Cappola and Ladenson, 2003). 
Dyslipidemia, insulin resistance and obesity may also com-
plicate hypothyroidism, as well as arterial hypertension 
(Cappola and Ladenson, 2003); moreover, a low thyroid 
function may favor endothelial dysfunction, inflammation 
and thrombosis (Cappola and Ladenson, 2003; Lekakis  
et al., 1997), similarly to what happens in arterial hyper-
tension. Notably, very recent data indicate that about one-
sixth of patients with metabolic syndrome also suffer from 
subclinical hypothyroidism (Uzunlulu et al., 2007). Even 
more interesting is the population-based finding that in 
euthyroid subjects, fT4 values are significantly correlated 
with four of the five principal components of metabolic 
syndrome (i.e., BP, HDL cholesterol, triglycerides, abdom-
inal obesity), with the association often starting when fT4 
levels are still within the normal range (Roos et al., 2007).

Hypothalamus–pituitary–thyroid axis and 
susceptibility to hypertension

An attractive but alternative theory is emerging, which 
focuses on an altered hypothalamus–pituitary–thyroid axis 
as a principal cause for the development of hypertension. 
Several differently derived findings seem to support this 
hypothesis. Variation in serum TSH concentration within 
the normal range has been reported to influence per se 
endothelium-dependent vasodilation and the development 
of hypertension. The acute administration of recombinant 
human TSH in humans reduces endothelium-dependent 
vasodilation in the presence of normal and stable circulat-
ing TH concentrations; an induction of low-grade inflam-
mation and reduced NO availability by oxidative stress 
has been indicated as a possible pathogenetic mechanism 
(Dardano et al., 2006). At the same time, essential hyper-
tension is a polygenic and multifactorial syndrome with sev-
eral genes interacting with the environment to produce high 
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BP. Accumulating recent evidence suggests that genes of the 
hypothalamic–pituitary–thyroid axis influence the suscepti-
bility to hypertension. TRH has an important role in mod-
ulating central cardiovascular regulation. A significant lower 
TSH response to both conventional (i.e., 200 mcg i.v.) and 
supramaximal (i.e., 400–600 mcg i.v.) TRH was demon-
strated several years ago, thus suggesting a possible defect in 
the TRH receptor gene (Lupi et al., 1988). In a spontane-
ous hypertensive rat model, BP elevation is partially medi-
ated by TRH. This animal model of essential hypertension 
is characterized by high-normal TSH compared with 
 controls. TRH overexpression induces hypertension in rats, 
which was reversed by TRH antisense treatment (Garcia  
et al., 2001). In humans, a single nucleotide polymorphism 
in the promoter region of the TRH-receptor gene was 
associated with essential hypertension. Also, the presence 
of a mutated nonsynonymous polymorphism of D2, the 
enzyme responsible for the conversion of T4 into T3 for use 
in peripheral tissues, seems to be a determinant of hyperten-
sion susceptibility (Gumieniak et al., 2004). Diencephalic 
TRH seems to mediate the central leptin-induced pressor 
effect, the TRH–leptin interaction being able to contribute 
to the strong association between mild arterial hyperten-
sion and obesity (Landa et al., 2007). These experimental 
data fit well with the clinical observation that high-normal 
TSH values are aggregated in hypertensive multiple-sibling 
families. Family history of hypertension also influenced 
serum TSH levels, showing that euthyroid individuals with 
a family history of hypertension have higher TSH concen-
trations than those without such a family history. Taken as 
a whole, these findings support the hypothesis that genetic 
variants exist, affecting both serum TSH and the presence of 
hypertension. Observational data on the possible association 
between TSH within the normal range and BP are emerg-
ing. The population-based Tromso health survey showed a 
modest but significant positive association between serum 
TSH and hypertension: the prevalence of hypertension 
increased with an increase in TSH (ranging from 0.2 to 
4 mIU/l), especially in males. The possible pathophysi-
ological explanation for these findings could be an increased 
systemic vascular resistance and arterial stiffness accompany-
ing the increase in TSH values during progression toward 
a mild thyroid dysfunction (Gumieniak et al., 2004; Dagre  
et al., 2005). The alternative hypothesis of genetic vari-
ant forms affecting both BP homeostasis and TSH control 
is responsible for the alteration of both BP and TSH val-
ues. Additional experimental and observational studies are 
necessary in order to define the nature of the relationships 
between BP and isolated borderline high TSH values.

Conclusions and Perspectives

The presence of an association between hypothyroidism 
and arterial hypertension has been increasingly confirmed 

and validated over time. This association does not prove a 
causal relationship; on the other hand, our knowledge of 
the cardiovascular effects of TH induces us to believe that 
a hypothyroid state may at least represent a co-causal fac-
tor of arterial hypertension and its evolution. Considerable 
research is further required on the mechanisms of diseases 
and, in particular, the relationships between a hypothy-
roid state and other (neuro)endocrine systems that may 
determine and worsen a hypertensive state. At the same 
time, in-depth experimental and clinical data is necessary 
in order to increase our understanding of the role of 
iodine deficiency in target organ damage induced by 
 hypertension, and in particular in kidney disease, the lat-
ter representing a fundamental target in cardiovascular risk 
management and a major determinant of overall prognosis 
of the patient. Moreover, a fascinating argument to be fur-
ther explored, especially in human disease, is the role of 
an altered hypothalamus–pituitary–thyroid axis as a cofac-
tor in determining a hypertensive state and the provocative 
theory that indicates the hypertensive state as the primary 
cause favoring the development of impaired thyroid gland 
function. Improving our understanding of these patho-
physiological mechanisms that are the basis of the relation-
ship between the hypothyroid and hypertensive states will 
probably help us in developing more efficacious therapeu-
tic approaches and prevention programs.

Summary Points

l Multiple neuroendocrine and metabolic links exist 
between arterial hypertension and hypothyroidism. 
Metabolic and neuroendocrine alterations may be asso-
ciated with arterial hypertension, inducing both adjunc-
tive cardiovascular risk and vascular, cerebral, renal and 
cardiac pathologies (so-called “hypertensive target organ 
damage”). A hypothyroid dysfunction may interact with 
all these factors and conditions.

l In people aged less than 50 years, diastolic BP level is 
the major predictor of cardiovascular risk, whereas systo-
lic BP is the major predictor in those aged more than 60 
years.

l The prevalence of hypothyroidism was higher in Whites 
than in Blacks, ranging from 4% to 8% in the adult US 
population. The prevalence varies with iodine intake 
and clearly increases with age, and may reach up to 20% 
in women aged more than 60 years.

l The prevalence of hypertension in hypothyroid sub-
jects is nearly triple that seen in the general population. 
Moreover, the significant correlations found between 
TH levels and diastolic BP suggest that TH deficiency 
per se may contribute to an increase in pressure values.

l Population-based studies indicate the existence of a con-
tinuous linear relationship between thyroid function 
and both the atherogenic and the metabolic profiles; 
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this relationship is valid over the entire range of thyroid 
function so that even low-normal TH or high-normal 
thyrotropin levels may act as independent cardiovascular 
risk factors.

l Increased total and LDL cholesterol, triglycerides and 
oxidized low-density lipoproteins have been reported 
in patients with overt hypothyroidism. A TH defect is 
also associated with significant changes in HDL, with 
a hypercoagulable state and with elevated C-reactive 
protein and homocysteine levels, insulin resistance and  
arterial stiffness.

l Similarly to arterial hypertension, hypothyroidism may 
induce left ventricular hypertrophy, diastolic and systolic 
dysfunction, glomerulosclerosis and renal insufficiency, 
cerebral edema, microvascular disease and dementia.

l Recent data indicate that one-sixth of the patients 
with metabolic syndrome also suffer from subclinical 
hypothyroidism; in euthyroid subjects, fT4 values are 
significantly correlated with four of the five principal 
components of metabolic syndrome (i.e., BP, HDL cho-
lesterol, triglycerides and abdominal obesity).

References

Allon, M., Harrow, A., Pasque, C.B. and Rodriguez, M. (1990). 
J. Am. Soc. Nephrol. 1, 205–210. 

Asmah, B.J., Wan Nazaimoon, W.M., Norazmi, K., Tan, T.T. 
and Khalid, B.A. (1997). Horm. Metab. Res. 29, 580–583. 

Asvold, B.O., Bjoro, T., Nilsen, T.I.L. and Vatten, L.S. (2007).  
J. Clin. Endocrinol. Metab. 92, 841–845. 

Bjorn-Hansen, G.L.S., Gotzsche, O., Fivvbjerg, A. and Bove, N. 
(1990). Acta Endocrinol. 123, 67–71. 

Bono, G., Fancellu, R., Blandini, F., Santoro, G. and Mauri, M. 
(2004). Acta Neurol. Scand. 110, 59–66. 

Bramnert, M., Hallengren, B., Lecerof, H., Werner, R. and 
Manhem, P. (1994). Clin. Endocrinol. 40, 317–321. 

Cappola, A.R. and Ladenson, P.W. (2003). J. Clin. Endocrinol. 
Metab. 88, 2438–2444. 

Cardillo, C., Kilcoyne, C.M., Cannon, R.O. and Panza, J.A. 
(2000). Hypertension 35, pp. 1237–1241.

Chakrabarti, N. and Ray, A.K. (2000). Neuoropsychofarmacology 
22, 36–41. 

Colantuoni, A., Marchiafava, P.L., Lapi, D., Forini, F.S. and 
Iervasi, G. (2005). Am. J. Physiol. Heart Circ. Physiol. 288, 
H1931–H1936. 

Croteau, W., Davey, J.C., Galton, A. and St. Germain, D. 
(1996). J. Clin. Invest. 98, 405–417. 

Dagre, A.G., Lekakis, J.P., Papaioannou, T.G., Papamichael, C.M., 
Koutras, D.A., Stamatelopoulos, S.F. and Alevizaki, M. 
(2005). Int. J. Cardiol. 103, 1–6. 

Dardano, A., Ghiadoni, L., Plantinga, Y., Caraccio, N., Bemi, A., 
Duranti, A., Taddei, S., Ferranini, E., Salvetti, A. and Monzani, F. 
(2006). J. Clin. Endocrinol. Metab. 10, 4175–4178. 

Davis, P.J., Tillmann, H.C., Davis, F.B. and Wehling, M. (2002). 
J. Endocrinol. Invest. 4, 377–388. 

Demers, L.M. and Spencer, C.A. (2002). In: Laboratory Support 
for the Diagnosis and Monitoring of Thyroid Disease. (ed. 
National Academy of Clinical Biochemistry) Available at 
http://www.nacb.org/lmpg/thyroid_lmpg_pub.stm (accessed 
December 16, 2003) pp. 55–65.

Dernellis, J.O. and Panaretou, M. (2002). Am. Heart J. 143, 
718–724. 

Dillmann, W.H., Barrieux, A. and Shanker, R. (1989). Endocr. 
Res. 15(4), 565–577. 

Elias, A.N., Kyaw, T., Valenta, L.J. and Meshkinpour, H. (1986). 
Horm. Metab. Res. 18, 345–351. 

Fazio, S., Emiliano, A., Lombardi, G. and Biondi, B. (2004). 
Recent Prog. Horm. Res. 59, 31–50. 

Feng, Q. and Hedner, T. (1990). Clin. Physiol. 10, 503–526. 
Fischer, N.D.L. and Williams, G.H. (2005). In: (eds D.L. Kasper,  

E. Braunwald, A.S. Fauci, S.L. Hauser, D.L. Longo and  
J.L. Jameson), Harrison’s Principles of Internal Medicine. McGraw-
Hill Medical Publishing Division, New York, NY, pp. 1463–1481. 

Fletcher, A.K. and Weetman, A.P. (1998). J. Hum. Hypertens. 
12, 79–82. 

Fommei, E. and Iervasi, G. (2002). J. Clin. Endocrinol. Metab. 
87, 1996–2000. 

Fregly, M.J. and Threatte, R.M. (1982). Life Sci. 30, 589–599. 
Fukuyama, K., Ichiki, T., Imayama, I., Ohtsubo, H., Ono, H., 

Hashiguchi, Y., Takeshita, A. and Sunagawa, K. (2006). 
Arterioscler. Thromb. Vasc. Biol. 26, 2049–2055. 

Garcia, S.I., Porto, P.I., Dieuzeide, G., Landa, M.S., Kirszner, T., 
Plotquin, Y., Gonzalez, C. and Pirola, C.J. (2001). 
Hypertension 38, 683–687. 

Gomberg-Maitland, M. and Frishman, W.H. (1998). Am. Heart 
J. 135, 187–196. 

Grundy, S.M., Hansen, B., Smith, S.C., Jr., Cleeman, J.I. and 
Kahn, R.A. (2004). Circulation 109, 551–556. 

Guidelines Subcommittee World Health Organization–
International Society of Hypertension (1999). J. Hypertens. 
17, 151–183. 

Gumieniak, O., Perlstein, T.S., Hopkins, P.N., Brown, N.J., 
Murphey, L.J., Jeunemaitre, X., Hollenberg, N.K. and 
Williams, G.H. (2004). J. Clin. Endocrinol. Metab. 89, 
3455–3461. 

Guyton, A.C. (1981). Circulation 64, 1079–1088. 
Hetzel, B.S. (2002). Bull. World Health Org. 80, 410–413. 
Horton, R. (2007). Lancet 369, 1763. 
Inagaki, K., Otsuka, F., Otani, H., Sato, C., Miyoshi, T., Ogura, T. 

and Makino, H. (2007). Am. J. Hypertens. 20, 104–107. 
Iqbal, A., Figenschau, Y. and Jorde, R. (2006). J. Hum. 

Hypertens. 20, 932–936. 
Ishikawa, T., Chijiwa, T., Hagiwara, M., Mamiya, S. and Hidaka, H. 

(1989). Mol. Pharmacol. 35, 760–765. 
Izumo, S., Lomprè, A.M., Matsuoka, R., Koren, G., Schwarzt, K., 

Nadal-Ginard, B. and Mahdavi, V. (1987). J. Clin. Invest. 79, 
970–977. 

Johnson, R.H., Rodriguez-Iturbe, B., Nakagawa, T., Kang, D.H., 
Feig Dan, I. and Herrera-Acosta, J. (2005). Hypertension 45, 
326–330. 

Jones, D.W. and Hall, J.E. (2003). Hypertension 42, 1206–1252. 

http://www.nacb.org/lmpg/thyroid_lmpg_pub.stm


Hypertension and Hypothyroidism 1071

Kahaly, G.J. and Dillmann, W.H. (2005). Endocr. Rev. 26, 
704–728. 

Kaplan, N.M. (1978). In: (ed. N.M. Kaplan), Clinical 
Hypertension. Williams and Wilkins, Baltimore, MD, p. 362. 

Kaplan, N.M. (2002). In: (ed. N.M. Kaplan), Clinical Hypertension. 
Williams and Wilkins, Baltimore, MD, pp. 3–4. 

Kiss, E., Jakab, G., Kranias, E.G. and Edes, I. (1994). Circ. Res. 
75, 245–251. 

Klein, I. (1990). Thyroid hormone and the cardiovascular sys-
tem. Am. J. Med. 88, 631–637. 

Klein, I. and Ojamaa, K. (2001). N. Engl. J. Med. 344, 501–509. 
Koss, K.L. and Kranias, E.G. (1996). Circ. Res. 79, 1059–1063. 
Landa, M.S., Schuman, M.L., Burgueno, A., Alvarez, A.L., 

Garcia, S.I. and Pirola, C.J. (2007). Front. Biosci. 12, 
3431–3435. 

Laragh, J.H. (1973). Am. J. Med. 55, 261–274. 
Lekakis, J., Papamichael, C., Alevizaki, M., Piperingos, G., 

Marafelia, P., Mantzos, J., Stamatelopoulos, S. and Koutras, D.A. 
(1997). Thyroid 7, 411–414. 

Luke, A., Adeyemo, A., Kramer, H., Forrester, T. and Cooper, R.S. 
(2004). Hypertension 43, 555–560. 

Lupi, S.N., Lutzki, C.A., De Yampey, E.W., Finkielman, S. and 
Nahmod, V.E. (1988). Clin. Exp. Hypertens. A 10, 381–390. 

Maia, A.L., Kim, B.W., Huang, S.A., Harney, J.W. and Larsen, P.R. 
(2005). J. Clin. Invest. 115, 2524–2533. 

Manhem, P., Hallengren, B. and Hansson, B.G. (1984). Clin. 
Endocrinol. 20, 701–707. 

Mizuma, H., Masami, M. and Masatomo, M. (2001). Circ. Res. 
88, 313–318. 

Ojamaa, K., Klemperer, J.D. and Klein, I. (1996). Thyroid 6, 
505–512. 

Ojamaa, K., Petrie, J.F. and Balkman, C. (1994). Proc. Natl. 
Acad. Sci. U.S.A. 91, 3468–3472. 

Palmer, R.M., Ferrige, A.G. and Moncada, S. (1987). Nature 
327, 524–526. 

Panza, J.A., Casino, P.R., Kilcoyne, C.M. and Quyyumi, A.A. 
(1993). Circulation 87, 1468–1474. 

Park, C.W., Shin Shin, Y., Ju Ahn, S., Young Kim, S., Choi, E.J., 
Chan, Y.S. and Bang, B.K. (2001). Nephrol. Dial. Transplant. 
16, 1799–1806. 

Pickering, T.G. (1991). Ambulatory Monitoring and Blood Pressure 
Variability. Science Press Ltd., London, UK, pp. 2.1–3.14. 

Quesada, A., Sainz, J., Wangensteen, R., Rodriguez-Gomez, I., 
Vargas, F. and Osuna, A. (2002). Eur. J. Endocrinol. 147, 
117–122. 

Rawat, B. and Satyal, A. (2004). Kathmandu Univ. Med. J. 
(KUMJ) 2, 182–187. 

Roberts, C.G.P. and Ladenson, P.W. (2004). Lancet 363, 
793–803. 

Roos, A., Bakker, S.J., Links, T.P., Gans, R.O. and Wolffenbuttel, B.H. 
(2007). J. Clin. Endocrinol. Metab. 92, 491–496. 

Rose, N.R., Rasooly, L., Saboori, A.M. and Burek, C.L. (1999). 
Environ. Health Perspect. 107, 749–752. 

Rosler, B. (1967). Acta Biol. Med. Ger. 18, 597–606. 

Sabatino, L. and Chopra, I.J. (1999). In: (Korenman, S.G. and 
Surks, M.I.), Atlas of Endocrinology. Blackwell Science Inc., 
Philadelphia, PA, pp. 1–11. 

Saito, I., Kunihiko, I. and Saruta, T. (1983). Hypertension 5, 
112–115. 

Sattar, N., Petrie, J.R. and Jaap, A.J. (2002). Atherosclerosis 161, 
1–16. 

Sever, P. (2006). J. Renin Angiotensin Aldosterone Syst. 7, 61–63. 
Skelton, C.L. and Sonnenblick, E.H. (1977). In: (eds S.C. 

Werner and S.H. Ingbar), The Thyroid. Harper and Row, 
Hagerstown, p. 659. 

Spencer, C. and Lip, G. (1999). Pharm. J. 263, 280–283. 
Squizzato, A., Gerdes, V.E., Brandjes, D.P., Buller, H.R. and 

Stam, J. (2005). Stroke 36, 2302–2310. 
Streeten, D.H.P., Anderson Jr., G.H., Howland, T., Chiang, R. 

and Smulyan, H. (1988). Hypertension 11, pp. 78–83.
Strong, C.G., Northcutt, R.C. and Sheps, S.G. (1977). In: (eds 

J. Genest, E. Koiw and O. Kuchel), Hypertension. McGraw-
Hill, New York, NY, p. 659. 

Swanson, E.A., Gloss, B., Belke, D.D., Kaneshige, M., Cheng, S.Y. 
and Dillmann, W.H. (2003). Endocrinology 144, 
4820–4825. 

Taddei, S., Virdis, A., Mattei, P., Ghiadoni, L., Sudano, I. and 
Salvetti, A. (1996). Circulation 94, 1298–1303. 

Task Force Members European Society of Hypertension and 
European Society of Cardiology (2007). J. Hypertens. 25, 
1105–1187. 

Thompson, W.O., Dickie, L.F.N., Morris, A.E. and Hilkevitch, B.H. 
(1931). Endocrinology 15, 265–272. 

Threatte, R.M., Fregly, M.J. and Field, F.P. (1982). Pharmacology 
24, 201–210. 

Tzourio, C. (2007). Dialogues Clin. Neurosci. 9, 61–70. 
Uzunlulu, M., Yorulmaz, E. and Oguz, A. (2007). Endocr. J. 54, 

71–76. 
Vargas, F., Moreno, J.M., Rodriguez Gomez, I., Wangensteen, R., 

Osuna, A., Alvarez Guerra, M. and Garcia-Estan, J. (2006). 
Eur. J. Endocrinol. 154, 197–212. 

Volzke, H., Alte, D., Dorr, M., Wallaschofski, H., John, U., Felix, S.B. 
and Rettig, R. (2006). J. Hypertens. 10, 1947–1953. 

Walsh, J.P., Bremner, A.P., Bulsara, M.X., O’Leary, P.O., 
Leedman, P.J., Feddema, P. and Michelangeli, V. (2006). Clin. 
Endocrinol. 65, 486–496. 

Williams, B., Poulter, N.R., Brown, M.J., Davis, M., McInnes, G.T., 
Potter, J.F., Sever, P.S. and Thom, S.M. BHS guidelines work-
ing party for the British Hypertension Society (2004a). BMJ 
328, 634–640. 

Williams, B., Poulter, N.R., Brown, M.J., Davis, M., McInnes, G.T., 
Potter, J.F., Sever, P.S. and McG Thom, S.British Hyper-
tension Society (2004b). J. Hum. Hypertens. 18, 139–185. 

Yoneda, K., Takasu, N., Higa, S., Oshiro, C., Oshiro, Y., 
Shimabukuro, M. and Asahi, T. (1998). Thyroid 8, 609–613. 

Zwaveling, J., Plaffendorf, M. and Van Zwieten, P.A. (1997). 
Fundam. Clin. Pharmacol. 11, 41–46. 



Abstract

Heart failure (HF) is a major public health problem in 
western countries. Experimental and clinical findings 
strongly support the concept that iodine and thyroid hor-
mone (TH) have a fundamental role in cardiovascular 
homeostasis. Iodine is an essential component of the TH 
molecule. Biologically active triiodothyronine (T3) modu-
lates cardiac contractility, heart rate, diastolic function and 
systemic vascular resistance through genomic- and nong-
enomic-mediated effects. The importance of THs in main-
taining cardiovascular homeostasis is also deducible from 
data showing that mild forms of primary thyroid dys-
function, i.e., subclinical hypothyroidism and subclinical 
hyperthyroidism, significantly alter cardiovascular func-
tion and negatively affect the prognosis of cardiac patients. 
Dietary iodine deficiency still remains the leading cause of 
congenital hypothyroidism; hypothyroidism is also more 
prevalent and marked in adult persons consuming exces-
sive amounts of iodine. Conversely, a mild-to-moderate 
iodine deficiency is the principal cause of the high occur-
rence of hyperthyroidism in elderly people. Also, subclini-
cal thyroid disorders are frequently observed in patients 
with long-standing idiopathic dilated cardiomyopathy 
when they live in an area of chronic iodine deficiency. 
Most importantly, the occurrence of iodine deficiency in 
cardiovascular human disease is a frequent finding inde-
pendently of TH status. Decreased urine iodine concen-
tration has been detected in patients with congestive HF, 
and careful iodine supplementation has been indicated as 
an additional therapeutic approach to prevent the nega-
tive effect of iodine deficiency in patients with HF. In HF 
patients without primary thyroid disorders, the main TH 
alteration is a low-T3 state, characterized by a reduction 
in serum total and serum free T3 concentrations with 
normal levels of thyroxine (T4) and thyrotropin (TSH). 
This alteration of TH metabolism affects approximately 
20–30% of patients with HF. Experimental data have 
shown the potential negative impact of the low-T3 state in 
the progressive deterioration of cardiac function and myo-
cardial remodeling in HF. Moreover, prognostic studies 

have shown that T3 levels represent a powerful predictor 
of mortality in patients with HF, also adding prognostic 
power to conventional parameters of cardiovascular risk. 
The overall clinical and experimental data indicate that 
placebo-controlled prospective studies are now needed to 
better define the safety and prognostic effects of chronic 
treatment with synthetic THs in HF.

Abbreviations

ANP Atrial natriuretic peptide
AUC Area under the curve
BNP Brain natriuretic peptide
BP Blood pressure
cAMP Cyclic adenosine monophosphate
EDHF  Endothelium-derived 

hyperpolarizing factors
GMP Cyclic guanosine monophosphate
HF Heart failure
IPI Integrated prognostic index
L-T3 Synthetic triiodothyronine
L-T4 Synthetic thyroxine
LVEF Left ventricular ejection fraction
MHC Myosin heavy chains
NO Nitric oxide
NOS Nitric oxide synthase
NT-pro-BNP  N-terminal pro–brain natriuretic 

peptide
NYHA New York Heart Association
ROC Receiver operating characteristics
rT3 Reverse triiodothyronine
SERCA2  Sarcoplastic reticulum calcium 

ATPase
TH Thyroid hormone
T3 Triiodothyronine
T4 Thyroxine
TDF Thyroid depressing factor
TSH Thyrotropin
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TR Thyroid hormone receptors
TRH Thyrotropin-releasing hormone
UCPs Uncoupling proteins
VSM Vascular smooth muscle

Introduction

Heart failure (HF) is a major public health and economic 
problem in western countries and is one of the most com-
mon causes of hospitalization. Over the past decade, US 
reports on HF indicate that the rate of hospitalization has 
increased by nearly 160% (Jessup and Brozena, 2003).

More than 9 million people in the United States and 
Europe suffer from chronic HF; 50% of these patients sur-
vive for 5 years, and 50% with more symptomatic advanced 
disease survive for only 1 year. Experimental and clinical 
findings strongly support the idea that TH plays a funda-
mental role in cardiovascular homeostasis in both physiolog-
ical and pathological conditions. The prevalence of a mild 
(subclinical) primary thyroid dysfunction in cardiac patients 
is relatively high (9.7% of the total population), as docu-
mented by a recent study (Iervasi et al., 2007). Moreover, in 
HF the more common early alteration of thyroid function 
is referred to as “low-triiodothyronine (low-T3) syndrome,” 
characterized by decreased serum total T3 and serum free 
T3 with normal levels of thyroxine (T4) and thyrotropin 
(TSH). This syndrome, which affects one-third of patients 
with HF, is considered to be an adaptive mechanism, which 
minimizes the catabolic phenomena of the illness. However, 
in recent years this interpretative hypothesis has been ques-
tioned. In this chapter we will review the main pathophysi-
ological links between the cardiovascular derangement 
observed during HF and altered iodine and TH metabo-
lism, also by briefly discussing the potential clinical implica-
tions and possible therapeutic approaches.

Heart Failure: The Evolving 
Interpretative Model of Its Progression

Hemodynamic and cardiorenal models of  
heart failure

HF is a relentless progressive syndrome in which different 
anatomic, functional and biological alterations interact in 
a complex manner and involve all the body systems over 
a sustained period of time. Initially, cardiac dysfunction 
dominates the scenario of the disease, and the vascular/renal 
response is an early adaptive mechanism to worsening car-
diac function. A cause–effect relationship between the heart 
and a vascular/kidney involvement is the basis of the two 
models proposed in the past in an attempt to describe the 
pathophysiology of the disease. The so-called hemodynamic 
model highlighted peripheral vasoconstriction in response 
to reduced cardiac output as the body attempts to preserve 

blood pressure (BP) homeostasis of vital districts, whereas the 
cardiorenal model emphasized the compensatory response 
of increased salt and water retention to preserve circulatory 
blood volume (Jessup and Brozena, 2003; Packer, 1993).

Neuroendocrine model of heart failure

The inability of the hemodynamic and renal models to 
explain the pathophysiology of progressive HF may depend 
on the fact that both interpretative approaches are based 
on a single-district involvement rather than on a multi-
district one. The more recently proposed neuroendocrine 
model may represent a more appropriate explanation for 
the systemic involvement of HF due to the multiorgan 
and complex action of the portfolios of the activated hor-
monal, immunological and/or hormonal-like pathways, 
including sympathetic and renin-angiotensin-aldosterone 
systems, natriuretic peptides, neuropeptides vasopressin, 
cytokines and other proinflammatory substances, and 
endothelium-mediators (Kjaer and Hesse, 2001; Swedberg, 
2000). Therefore, although the heart still remains the main 
actor and the kidneys play a supporting role, metaphori-
cally speaking we can hypothesize that the neuroendocrine 
system is the director who brings together all the actors in 
the drama of HF and makes them converse. During the 
early phases of the disease, i.e., when cardiac dysfunction 
is not yet associated with overt HF, neurohormonal acti-
vation is a compensatory mechanism for reduced cardiac 
output, increased atrial pressure and arterial underfilling, 
and/or inadequate systemic arterial volume. Sympathetic 
and renin–angiotensin–aldosterone systems act synergis-
tically to maintain peripheral BP, and thus to redistrib-
ute blood volume in favor of the vital organs. The effects 
of the sympathetic and renin–angiotensin–aldosterone 
systems are antagonized by natriuretic peptides. Atrial 
natriuretic peptide (ANP) is primarily synthesized by the 
atria in response to atrial distension, whereas brain natri-
uretic peptide (BNP) is synthesized by the ventricles in 
response to increased filling pressure and ventricle dilata-
tion. They have a vasodilator and natriuretic effect, antago-
nizing the vasoconstriction and fluid overload induced 
by both sympathetic and renin–angiotensin–aldosterone 
systems. However, when these systems are continuously 
expressed, their effects are shifted from compensatory to 
unfavorable, and finally to toxic effects, as documented 
by the induction of calcium overload and apoptosis, and 
to stimulation of myocardial fibrosis, all promoting the 
left ventricular remodeling process (Mann et al., 1992). 
The proofs in support of this point of view are that the 
actual therapy (namely, -blockers, angiotensin inhibitors 
and aldosterone inhibitors) that antagonizes neurohor-
mone actions represents the cornerstone of medical treat-
ment of patients with HF; several clinical trials have also 
 shown unquestionably the absolute prognostic benefit and 
the slowed progression of HF by using this neuroendocrine 
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therapeutic approach (The Consensus Trial Study Group, 
2007; Hall et al., 1995; Bristow et al., 1996; Packer  
et al., 1996; Dahlof et al., 2002; Solomon et al., 2004; 
Guyatt and Deveraux, 2004; Gheorghiade et al., 2007).

Thyroid Hormone, Iodine Intake and Heart 
Failure

The evidence that HF represents one of the major causes 
of morbidity and mortality in western countries suggests 
that the current portfolio of neuroendocrine antagonists, 
although clinically and prognostically effective, fails to 
completely explain disease progression. Presumably, there 
may be alternative metabolic pathways for the neurohor-
mone system which are not antagonized by conventional 
treatment strategies. In this context, there is steadily grow-
ing interest in the role of THs in HF. This is due to five 
main reasons:

1. the well-known physiological effects of THs on the 
cardiovascular system in modulating heart rate, cardiac 
contractility and peripheral vascular resistance;

2. the strong association between cardiac disorders and the 
presence of primary THs dysfunction;

3. the finding that subclinical (mild) primary thyroid dis-
orders are frequently observed in patients with long-
standing idiopathic dilated cardiomyopathy when they 
live in an area of chronic iodine deficiency;

4. the emerging role of THs as a prognostic biomarker of 
cardiac disease, in particular, in the presence of HF;

5. the promising benefit of THs or TH analogs adminis-
tered to patients with HF in several preliminary pilot 
clinical studies.

Thyroid Hormone Action on 
Cardiomyocytes and Vascular Cells

Brief notes on thyroid hormone metabolism

Iodine represents the prerequisite substrate for THs synthesis. 
The thyroid gland produces and releases hormones mostly 
as T4; less than 5% is released in the form of T3 (Pilo et al., 
1990). Three regulatory enzymes determine the circulating 
and intratissual concentration of THs: Type 1, 2 and 3 deio-
dinase (Yen, 2001). Most of the biologically active form of T3 
derives from the conversion of T4 by 5-monodeiodination 
(Type 1 and Type 2 5-deiodinases) in peripheral tissues. Type 
1 deiodinase has a primary role in maintaining near-constant 
T3 circulating levels, while Type 2 deiodinase plays a critical 
role in providing local T3 to regulate the intracellular concen-
tration of the active hormone. Type 3 deiodinase is mainly 
involved in the production of reverse T3 (rT3), which is  
considered an inactive form of TH. Notably, the hepatic 

Type 1 activity is also reduced in animals fed a diet with a low 
iodine concentration (Behne et al., 1992).

Thyroid hormone effects on the heart and 
peripheral vasculature

TH effects on the heart are mediated either through extra-
nuclear or nuclear actions (Klein and Ojamaa, 2001; Kahaly 
and Dillmann, 2005). Several actions of THs are so rapid in 
onset (i.e., they take seconds or minutes) that they exclude 
interaction with nuclear TH receptors (TR); these actions 
are cumulatively defined as extranuclear or nongenomic 
effects of THs (Kahaly and Dillmann, 2005). The nuclear 
or genomic TH actions are delayed in onset and are brought 
about by binding to nuclear TR regulating the transcription 
of different genes of several enzymes, functional and struc-
tural proteins such as Na/K ATPase, SERCA2, phospholam-
ban, voltage-gated K channels, Na/Ca exchanger (NCX) and 
myosin heavy chains (MHC) (Kahaly and Dillmann, 2005).

Hearts rich in -MHC content have a high contractility 
state, while an increased -MHC expression is associated with 
better energy efficiency and maintaining economy of force as 
a result of the slowed rate of ATP hydrolysis and cross-bridge 
cycling. T3 regulates the expression of the two isoforms in an 
antithetical fashion, increasing the expression of -MHC and 
decreasing that of -MHC (Dillmann et al., 1989).

SERCA2 and NCX are the two major systems respon-
sible for reducing cytosolic Ca2 from high systolic to low 
resting levels in diastole, and are also central to regulating 
the amount of Ca2 released during each cardiac cycle. 
It is noteworthy that TH levels rise postnatally and reach 
peak values in the third postnatal week: as an effect of this 
increase, the expression of SERCA2 and NCX are upregu-
lated and downregulated, respectively.

Phospholamban is a regulatory protein that inhibits 
SERCA2 by decreasing the enzyme’s affinity for Ca2 (Koss 
and Kranias, 1996). TH affects the levels of this protein in an 
opposite fashion compared with SERCA2 (Kiss et al., 1994).

TH reduces vasomotor tone by means of a direct effect on 
vascular smooth muscle (VSM) cells, independently of cAMP, 
cGMP, or nitric oxide generation (Ojiamaa et al., 1996; Park 
et al., 1977). Both T3 and T4 have direct vasodilatory effects, 
the former being more prominent than the latter. The T3 
vasodilatory effect has both an endothelium-independent 
component, which is more evident in physiological concen-
trations of T3, and an endothelium-dependent component, 
which is more evident in supraphysiological concentrations 
of T3 (Park et al., 1977). A decrease in vasomotor tone has 
also been documented in the coronary arteries. TH reduc-
tion of coronary vasomotor tone is considered a nongenomic 
effect and has been documented in different animal models, 
i.e., after hypothermic global ischemia in an ex vivo canine 
heart, in in vivo anesthetized rabbit and rat models, and in 
an ischemia-reperfusion isolated rat heart (Klemperer et al., 
1995; Yoneda et al., 1998; Kimura et al., 2006).
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In vivo effects of thyroid hormone and iodine 
intake on the cardiovascular system

When the overall genomic and nongenomic cellular 
effects of THs on the heart and the vascular system are 
considered, it is not surprising that these hormones play 
a pivotal role in cardiovascular homeostasis. Diastolic and 
systolic functions, which depend strictly on the relaxation 
and contractile properties of the heart, respectively, are 
clearly influenced by THs (Kahaly and Dillmann, 2005). 
Furthermore, the ventricular contractile function is signifi-
cantly influenced by changes in hemodynamic conditions 
secondary to the TH-induced reduction in peripheral 
vascular tone. Also, TH-induced decreased diastolic BP 
activates the renin–angiotensin–aldosterone axis with a 
consequent increase in renal sodium reabsorption and 
in circulating blood volume. Indeed, plasma levels of 
THs appear to be directly correlated with renin activity, 
and with plasma levels of angiotensin II and aldosterone 
(Marchant et al., 1993). The final hemodynamic result is 
that TH homeostasis preserves a positive ventricle–arte-
rial coupling, thus leading to a more favorable balance for 
heart function (Klein and Ojamaa, 2001). The impor-
tance of THs in maintaining cardiovascular homeostasis is 
also deducible from data showing that mild forms of TH 
abnormalities, i.e., subclinical hypothyroidism and sub-
clinical hyperthyroidism, significantly alter cardiovascu-
lar function (Ripoli et al., 2005; Biondi et al., 2000). In 
this context it is noteworthy that more than 1000 million 
people in the world are living in conditions of chronic 
iodine deficiency of varying degrees. Iodine deficiency still 
remains the leading cause of congenital hypothyroidism, 
at least in certain parts of the world. Conversely, in adult 
life, hypothyroidism is more prevalent and marked in  
subjects consuming excessive amounts of iodine. Most 

importantly, the occurrence of iodine deficiency in car-
diovascular human disease is frequent (Molnar et al., 
1998; Fruhwald et al., 1997) independently of TH status. 
Indeed, a decreased urine iodine concentration has been 
documented in patients with congestive HF and arrhyth-
mias. Careful iodine supplementation has been indicated 
as an additional therapeutic approach to prevent the 
worsening effect of iodine deficiency in patients with HF, 
in particular when they live in an area of chronic iodine 
deficiency (Molnar et al., 1998; Fruhwald et al., 1997) 
(Figure 110.1).

Thyroid Hormones in Heart Failure: 
Experimental Evidence

Thyroid hormone signaling and heart failure

Low-T3 syndrome is the principal and most common 
alteration of TH metabolism found in patients known to 
have another (i.e., nonthyroidal) disease. Regarding car-
diac disorders, low-T3 syndrome has been documented in 
patients with various heart diseases including congestive 
HF (Hamilton et al., 1990) and acute myocardial infarc-
tion (Friberg et al., 2002), as well as after cardiac surgery 
in both adults and children (Holland et al., 1991; Murzi 
et al., 1995). The incidence of low-T3 syndrome increases 
with the severity of the disease and afflicts up to 20–30% 
of the total cardiac population (Hamilton et al., 1990; 
Iervasi et al., 2003). Several factors contribute to thyroid 
abnormalities: (1) inhibition of the activity of Type 1 
deiodinase; (2) decreased transport of T4 into tissues; 
and probably (3) reduced activity of Type 2 deiodinase, 
believed to be responsible for local cellular demand for T3.

Also, dietary iodine may play an important additional 
role in the derangement of peripheral TH metabolism. 
Notably, total and nuclear T3 concentrations were found 
to be low in the heart, liver and brain of low-iodine-diet 
animals, also in the presence of normal circulating T3 
(Escobar del Rey et al., 1989).

The first pathophysiological hypothesis regarding the 
meaning of low-T3 syndrome was that decreased T3 
concentrations are merely the result of an adaptive proc-
ess finalized to reduce energy expenditure (Utiger, 1995). 
However, recent experimental and clinical evidence chal-
lenged the above-mentioned hypothesis, suggesting on the 
contrary that lower circulating levels of T3 have a poten-
tially active role in the progression of HF.

Also, most of the effects of THs on cardiac function are 
mediated by binding biologically active T3 to nuclear recep-
tors. Thus, the knowledge of TR subtype expression in nor-
mal and pathological hearts is a key point in defining cardiac 
TH signaling pathways and an attractive potential target for 
new therapeutic strategies. TR1, TR2 and TR1 were 
found in both human atrial and ventricular biopsies; also 
documented was a strong linear relationship among TR1, 

Figure 110.1 Iodine intake, thyroid (dys)function and 
cardiac effects. Schematic representation of the possible 
 pathophysiological links between altered iodine intake and the 
worsened outcome in cardiac patients.
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TR2 and TR1 expression in the atrium, as well as between 
TR1 and TR2 mRNA levels in the ventricle (Sabatino  
et al., 2007). Overall, most of the reported data seem to indi-
cate that the actual number of TRs (in particular, TR1) 
in cardiac tissue is altered in the presence of HF, thus pos-
sibly contributing significantly to making cardiac tissue less 
responsive to TH signaling (Kahaly and Dillmann, 2005).

“Ex vivo” and “in vivo” models of heart failure: 
the role of iodine and thyroid state

Additional fundamental information on the relationship 
between thyroid state and HF can be obtained from ex vivo 
human data and from animal studies showing that a low 
thyroid state may alter cardiac homeostasis with regard to 
the following: (1) cardiac histology and cellular morphology; 
(2) cardiac protein gene expression; and (3) cardiac diastolic 
and systolic function. More importantly, these alterations are 
almost completely reversed with TH replacement therapy and 
also when diiodothyroproprionic acid (DITPA), a synthetic 
analog of THs, is administered (Morkin et al., 2002).

Notably, in Bio T0-2 hamsters that spontaneously 
develop subclinical hypothyroidism, the mild thyroid dys-
function was associated with a significant loss of myocytes 
and increased myocardial fibronecrosis (Khalife et al., 2005). 
In the same study, resting myocardial blood flow and maxi-
mal coronary vasodilatation after adenosine administration 
were significantly reduced. Supplementation with synthetic 
T4 (L-T4) reduced myocardial death and fibronecrosis, and 
restored resting coronary flow and maximal vasodilatation. 
The decrease in resting coronary blood flow and vasodilata-
tion reserve may fit with the previous evidence showing a 
coronary microcirculatory dysfunction secondary to rarefac-
tion of myocardial arterioles in neonatal hypothyroidism 
(Tang et al., 2005) and neo-angiogenesis induced by THs 
and its analogs (Tomanek et al., 1998; Wang et al., 2003).

Moreover, experimental data on an in vivo animal 
model of Keshan disease – a selenium-deficient human 
cardiomyopathy – have shown that a low dietary iodine 
intake induced significant changes in cardiac metabo-
lism, as documented by the reduction in -glycero-
phosphate dehydrogenase and myocardial glutathione 
peroxidase activity. Interestingly, in that model, iodine sup-
plementation was more important than selenium to restore  
normal energy metabolism in the myocardium, although 
T3 circulating levels were unchanged (Wu et al., 1997).

Another potential cellular mechanism by which a low thy-
roid function may favor the progression of HF is the altera-
tion of the cardiomyocyte cytoskeleton. Alteration in the 
myocyte cytoskeleton has also been documented in a human 
model of prolonged (10 days) T3-deprived atrial myocardial 
cultured tissue (Forini et al., 2001). Aside from the use of 
human cardiac tissue, the unique feature of the cited study 
was the culture technique, which allowed preservation of the 
three-dimensional architecture of the tissue. In this study, 

cellular remodeling was documented in T3-deprived samples 
by an enlargement of myocyte surface area and transversal 
diameter, leading to cellular degeneration including atro-
phy, cell death and fibrosis (Figure 110.2). When compared 
with cardiac tissue specimens supplemented by physiological 
doses of T3, the morphostructural alterations in T3-deprived 
cardiac tissue were found to be associated with a significantly 
reduced expression of -sarcomeric actin, an essential protein  
for preserving the cytoskeleton (Hein et al., 2000), which 
has been related to left ventricular remodeling in human 
HF (Hein et al., 2000). In the same study, T3-deprived car-
diomyocytes presented decreased SERCA2 expression and 
function with consequent alteration in intracellular Ca2 
homeostasis, characterized by impaired Ca2 storage and 
release, which probably contributes to diastolic and systolic 
dysfunction in human HF (Schmidt et al., 1998).

A comprehensive interpretive theory that helps explain 
the possible close interrelationships between an altered 
thyroid state, as observed during progression of HF and 
the remodeling of the myocardium, is the so-called activa-
tion of a fetal gene program otherwise indicated as “reca-
pitulation of the fetal phenotype” (Colucci, 1997; Khalife 
et al., 2005). The activation of a fetal gene program con-
sists of an altered MCH isoform expression characterized 
by a decrease in fast-contracting -MHC and an increase 
in slow-contracting -MHC, as well as a reduction in 
SERCA2, all contributing to the decreased contractile phe-
notype function typical of adult HF, and a reversal of gen-
otype/phenotype to a more fetal-like cardiac state. Notably, 
the activation of the fetal gene program observed during 
the evolution of HF in adult life appears to be potentially 
reversible when the “normal” TH profile is restored.

Thyroid and Heart Failure: Clinical 
Evidence

Iodine intake, primary mild thyroid dysfunction 
and cardiac prognosis

Subclinical (mild) hyperthyroidism and subclinical (mild) 
hypothyroidism, characterized respectively by increased 
and decreased TSH levels in the presence of normal values 
of free THs, have been linked to an increased mortality 
rate in patients with diagnosed ischemic or nonischemic 
cardiac disease (Iervasi et al., 2007). In this context, it is 
useful to underline that autoimmune thyroiditis rep-
resents the more common cause of acquired hypothy-
roidism. Worldwide, a high iodine intake may increase the  
prevalence of hypothyroidism; more importantly, iodine 
restriction alone may resume normal thyroid function 
(Taijiri et al., 1986). Conversely, salt restriction as the basic 
treatment of congestive HF can explain, at least in part, 
the relatively higher incidence of dilated cardiomyopathy 
in geographic areas of chronic iodine deficiency (Fruhwald 
et al., 1997). Moreover, comparative epidemiologic studies  
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have unequivocally demonstrated that a mild-to-moderate  
iodine deficiency is the cause of the extraordinarily high 
occurrence of hyperthyroidism mostly in elderly people 
(Laurberg et al., 2000). In the above-mentioned large, pro-
spective observational study (Iervasi et al., 2007), survival 
time was significantly lower in both patients with subclini-
cal hypothyroidism and subclinical hyperthyroidism than 
in euthyroid patients when cardiac and cumulative deaths 
were considered. The observed negative prognostic impact 
of any form of mild thyroid dysfunction, either primary 
or secondary, in cardiac patients suggests that a normal  
thyroid status is essential for maintaining systemic and car-
diovascular homeostasis (Klein and Ojamaa, 2001; Kahaly 
and Dillmann, 2005); when a normal thyroid status is 
persistently lost, increased whole-body and cardiovascular 
vulnerability is observed.

Altered thyroid hormone metabolism and 
prognosis in heart disease

An altered thyroid metabolism may play an important role 
in the complex pathophysiology of HF progression arising 

from experimental evidence; this hypothesis is further 
reinforced by recent clinical observational data showing 
the relevant role of a low-T3 state in the prognostic strati-
fication of patients with heart disease, and in particular, of 
patients with HF (Pingitore et al., 2005). The prognostic 
impact of low-T3 syndrome has also been documented in 
patients with different cardiac diseases (Hamilton et al., 
1990; Friberg et al., 2002; Iervasi et al., 2003). In a cohort 
of 573 patients with several cardiac diseases, the probabil-
ity of death, either cardiac or cumulative, was significantly 
higher in patients with low-T3 syndrome than those with-
out the syndrome, resulting in a survival rate at 1 month 
of 88% and 99%, respectively, and at 1 year of 77% and 
95%, respectively (Iervasi et al., 2003). More recently, these 
results have been confirmed in a larger cohort of patients 
with low-T3 syndrome, with an elevated number of cardiac 
and noncardiac deaths (n  65 and n  140, respectively) 
and a mean follow-up time of 32 months. This study con-
sisted of an initial population of 3308 patients with stable 
chronic cardiac diseases; of these, 910 patients had low-T3 
syndrome; the number of cardiac and overall deaths was 65 
and 140 (3.4% and 7.3%), respectively, in euthyroidism, 

Figure 110.2 Morphofunctional effects of T3 on myocardial human tissue. Cardiac effects of T3 supplementation at physiological 
doses (3 nmol T3). T3-supplemented atrial myocardial fragments presented better preserved cardiomyocytes at 10 days of culture (a); 
weaker staining and atrophy was observed in the corresponding untreated samples (b). When immunostained for -sarcomeric actinin, 
T3-deprived myocardium exhibited a weaker immunoreactivity (d); than T3-supplemented tissue (c). T3-supplemented sister culture 
loaded with fluo-3 and imaged on the confocal microscope: 3 min after application of the SERCA2 inhibitor cyclopiazonic acid, fluores-
cence of T3-free cells (f); was significantly lower when compared with the corresponding T3-supplemented cells (e). Modified from Forini 
et al., (2001). Reprinted with permission.
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and 59 and 119 (6.5% and 13.1%), respectively, in low-T3 
syndrome patients (Iervasi et al., 2007) (Figure 110.3).

Altered thyroid hormone metabolism in 
heart failure

Low-T3 syndrome occurs in approximately 20–30% of 
patients with dilated cardiomyopathy (Hamilton et al., 1990; 
Opasich et al., 1996; Pingitore et al., 2005). Incidence of low-
T3 syndrome correlates with clinical status, with significantly 
higher incidence in patients with NYHA functional class 
III–IV than in those with NYHA I–II (Opasich et al., 1996; 
Ascheim and Hryniewicz, 2002). Nevertheless, by taking into 
account the natural history of cardiac disease, the occurrence 
of low-T3 syndrome may be considered the final result of a 
progressive impairment of TH peripheral metabolism, which 
begins in the early stages of cardiac dysfunction. In fact, in a 
model of asymptomatic or mildly symptomatic patients with 
idiopathic dilated cardiomyopathy, having a large spectrum of 
left ventricular dysfunction, low-T3 syndrome was present in 
only 7% of patients. The metabolism of THs, as expressed by 
T3 values and T3/T4 ratio, which is a rough but simple index 
of peripheral conversion of T4 to T4, was progressively altered 
in patients with more depressed left ventricular function and 
early symptoms of HF (Pingitore et al., 2006). In this study, 
T3 was widely but significantly correlated with left ventricu-
lar ejection fraction (LVEF) (Figure  110.4a); it was also the 
only independent biohumoral predictor of clinical symptoms 
at multivariate analysis, whereas BNP was the most impor-
tant predictor of left ventricular dysfunction. By considering 
the values of LVEF and NYHA functional class, natriuretic 
peptides, i.e., BNP and ANP, were found to be more closely 

related to worsening the left ventricular dysfunction alone, 
whereas T3/T4 ratio was found to be more closely related to 
the combination of left ventricular dysfunction and the early 
appearance of clinical symptoms of HF (Figure 110.5). These 
results, when analyzed together with other previous findings 
showing a higher incidence of low-T3 syndrome in patients 
with overt HF (Hamilton et al., 1990; Opasich et al., 1996; 
Pingitore et al., 2005), suggest a continuous relationship 
among progression of left ventricular impairment, presence of 
symptoms of HF of whatever origin, and progression of an 
altered peripheral TH metabolism. Progressive T3 reduction 
and the occurrence of a “true” low-T3 syndrome may be two 
consecutive steps in the same process. In an early phase, when 
left ventricular impairment is not associated with overt symp-
toms and full activation of the neuroendocrine, vasoactive, 
and sodium-retaining systems, T3 is predominantly related 
to cardiac function, and thus can be considered as a marker 
of cardiac impairment. Conversely, when cardiac disease 
progresses toward overt HF, and the occurrence of true low-
T3 syndrome increases over time, T3 concentrations are not 
related to cardiac dysfunction (Pingitore et al., 2005) but are 
a marker of multisystem involvement, and thus are an impor-
tant prognostic predictor of death. A potential proof in favor 
of this hypothesis is the presence of a correlation between T3 
and LVEF in patients without overt HF and, on the contrary, 
the disappearance of a correlation in patients with overt HF 
as shown in Figure 110.4.

Altered thyroid hormone metabolism and 
prognosis in heart failure

Clinical studies have shown the important negative prognostic 
impact of low-T3 syndrome in patients with HF. Independent 
of the parameter used, such as a reduction in circulating lev-
els of T3, an increase in rT3, a low free T3 index/rT3 ratio, 
and a free T3/free T4 ratio in serum, all these studies showed 
that an altered peripheral TH pathway was, in any case, asso-
ciated with a high incidence of fatal events consisting of car-
diac or cumulative death, or heart transplantation (Hamilton 
et al., 1990; Opasich et al., 1996; Kozdag et al., 1995). In a 
study from our laboratory that enrolled 281 inpatients with 
ischemic and nonischemic HF (Pingitore et al., 2005), total 
T3 and LVEF were found to be the only independent pre-
dictive variables at multivariate analysis of both cardiac and 
cumulative deaths. When the prognostic power of these two 
predictors was evaluated by the receiver operating character-
istics (ROC) curve, the area under the ROC curves (AUC: 
area under the curve) showed a slightly higher prognostic 
accuracy for LVEF (AUC  0.659, p  0.0001) compared 
with total T3 (AUC  0.610, p  0.0001), although the dif-
ference between the two areas was not statistically significant 
(p  0.733) (Figure  110.6a). Based on the above considera-
tions, a new integrated prognostic index (IPI) was extracted 
from the multiple logistic regression model, linearly combin-
ing the significant variables (namely, total T3 and LVEF). 

Figure 110.3 Survival curves in euthyroid cardiac patients and 
in cardiac patients with subclinical hypothyroidism. Kaplan–Meier  
survival curves of cardiac patients with normal thyroid function 
and of cardiac patients with low-T3 syndrome. Events considered:  
cardiac and overall death. Modified from Iervasi et al., (2007). 
Reprinted with permission.
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The AUC for IPI (0.759, p  0.0001) was higher compared 
with the AUC for both individual LVEF and total T3 curves, 
resulting in statistically significant difference between the areas 
(p  0.008 vs. LVEF AUC, p  0.003 vs. total T3 AUC) 
(Figure 110.6a). Analysis of the ROC curves indicates that the 
sensitivity of total T3 was higher than that of LVEF in the 
higher specificity region of the ROC, indicating that the prog-
nostic incremental value of total T3 was particularly evident in 
patients with severely reduced LVEF, i.e., 20%. According 
to the best cut-off value of 20% for LVEF, as assessed by 
the ROC curve (sensitivity  31%, specificity  84%), in 
combination with the low limit of normal range of total T3 
(80 ng/dl), four subgroups (A, B, C and D) of patients were 

identified. Kaplan–Meier survival curves of patients with 
reduced LVEF, as well as total T3, showed the highest mortal-
ity when compared with that of patients with similar LVEF 
but normal total T3, thereby indicating the power of total 
T3 concentration in identifying patients at very high risk of 
death (Figure 110.6b). These findings agree well with the com-
mon observation in clinical practice of different outcomes  
in patients with similar and severely impaired LVEF.

In conclusion, although from the available data it can-
not be excluded that a low-T3 state may represent just a 
simple marker accompanying the progression of HF, addi-
tional emerging experimental and clinical observations 
seem to indicate the opposite, i.e., the presence of a close 

Figure 110.4 Relationships between T3 and left ventricular ejection fraction in patients with left ventricular dysfunction. Scatterplots 
showing the relationship between total T3 (TT3) and left ventricular ejection fraction (LVEF) in patients without (panel a) and with overt 
heart failure (panel b). Data from Pingitore et al., (2006) (left side) and from Pingitore et al., (2005) (right side).
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pathophysiological link between the low-T3 state and the 
evolution of HF. However, proving causality is much more 
difficult than providing association, and additional find-
ings are needed to elucidate this important issue in order 
to obtain more conclusive information.

Treatment of Heart Failure with 
Synthetic Thyroid Hormone

Therapeutic strategies

From a theoretical point of view, therapeutic strategies that 
can be employed to optimize TH signaling in the presence 
of HF and nonthyroidal illness syndrome can be summed 
up in the following five points:

1. administration of L-T4: using this approach the main 
physiological pathway of secretion and peripheral 
metabolism of TH system is preserved;

2. administration of synthetic triiodothyronine (L-T3): 
in this way the physiological pattern of peripheral con-
version from T4 to T3, which is impaired in the pres-
ence of a low-T3 syndrome, is bypassed through direct 
application of biologically active TH;

3. administration of a TH analog, i.e., of a synthetic and, 
if possible, cardiotropic compound showing similar posi-
tive (but lower adverse) effects than the natural TH (i.e., 
more favorable ration of beneficial effects/adverse effects);

4. genetic manipulation of the expression of cardiovascu-
lar deiodinases: in this case the main goal is to increase 
local production and bioavailability of T3;

Figure 110.6 Sensitivity/specificity characteristics of prognostic markers of heart failure and survival curves of patients subdivided 
according to severity of disease. Panel a: Receiver operating characteristics (ROC) curves for left ventricular ejection fraction (LVEF), 
total T3 (TT3) and integrated prognostic index (IPI). Histograms show the area under the curve (AUC) for the three variables. The equa-
tion relating the odds to the values of LVEF and total T3 is as follows: a(total T3)  b(LVEF)  c  ln(odds), where a and b are the 
logistic regression coefficients, c is the constant term and ln(odds) is the natural logarithm of the odds of death. By using this approach, 
IPI  0.078  LVEF – 0.033  total T3  3.553. Panel b: Kaplan–Meier 18-month survival curves of the subgroups A, B, C and D. 
Data modified from Pingitore et al., (2005). Reprinted with permission.
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5. genetic manipulation of the cardiovascular TR pattern: 
in this case the goal is to increase hormonal signaling in 
the presence of normal or even low bioavailable T3.

At present, the first three approaches have been applied 
in few human studies and with lesser number of patients 
(Hamilton et al., 1998; Moruzzi et al., 1996; Iervasi et al., 
2001), whereas the other two therapeutic options are still 
in the experimental animal stage (Trivieri et al., 2006; 
Belke et al., 2007).

L-T4 Administration Moruzzi et al. published two stud-
ies in which L-T4 was given orally at the “physiological” 
dose of 0.1 mg/day and cardiovascular effects were assessed 
after short-term (1-week) treatment (Moruzzi et al.,1994) 
and after continuous 3-month treatment (Moruzzi et al., 
1996). In particular, the latter is the only published study 
that tried to assess the long-term effects of TH in a model 
of randomized placebo vs. L-T4 therapy study. In both 
studies, L-T4 was well-tolerated and induced significant 
improvement in cardiac pump function, consisting in 
enhanced resting LVEF, resting cardiac output and func-
tional capacity during exercise.

L-T3 Administration Hamilton et al. adopted a pro-
tocol based on the administration of an intravenous bolus 
dose, either followed or not followed by a few hours of  
L-T3 infusion in patients with advanced HF (NYHA func-
tional class III–IV) and low T3 levels and/or elevated rT3  
concentrations. However, the main weakness of the study 
was the wide variability in the scheduled time and dose 
of the administered L-T3 (cumulative dose from 0.15 to 
2.7 g/kg with an infusion time ranging from a minimum 
of 6 to a maximum of 12 h) in a restricted, nonrandomized 
patient population. Although circulating T3 obtained after 
L-T3 administration was widely variable, but always clearly 
above the upper limit of the normal range, no side-effects 
(i.e., no myocardial ischemia or complex arrhythmias) have 
been documented. In particular, in patients who received 
the largest doses of L-T3, cardiac output improved signifi-
cantly, starting from 2 h after administration, with a parallel 
decrease in systemic vascular resistance. More importantly, 
the heart rate did not change nor did the metabolic demand, 
as assessed by indirect calorimetry. Nevertheless, the admin-
istration of L-T3 at high doses, mimicking hyperthyroid 
status, may be detrimental when used in the long-term. In 
fact, experimental data clearly documented that high doses 
of L-T3 were able to induce myocardial hypertrophy and 
that they were only initially associated with improved car-
diac performance, but followed by a decline after 1 month 
of treatment (Degens et al., 2003) This finding was also 
associated with increased expression of uncoupling pro-
teins (UCP2 and UCP3), which may be responsible for the 
decrease in mitochondrial efficiency during thyroid hyper-
function (Boehm et al., 2001).

In a pilot study from our laboratory, L-T3 was admin-
istered at a “physiological” dose of 20 g/day/m2 body  
surface for a period of 96 h in six patients with advanced 
HF and low-T3 syndrome, who were undergoing stable  
conventional treatment and salt intake. Constant L-T3 infu-
sion induced a progressive reduction in systemic vascular  
resistance and an increase in LVEF and cardiac output, 
the latter invasively monitored by Swan–Ganz catheter;  
urinary output also improved, whereas no changes in heart 
rate and systemic arterial BP were observed (Iervasi et al., 
2001). An improvement in the overall cardiac perform-
ance, as documented by an increased stroke volume and 
left ventricular end-diastolic diameter, all noninvasively 
assessed by cardiac magnetic resonance imaging, was also 
documented in an ongoing placebo-controlled study on 
12 patients with chronic and clinically stable dilated cardi-
omyopathy and low-T3 syndrome (Figure 110.7) (unpub-
lished data). In particular, the observed enlargement of the 
end-diastolic left ventricular volume can be interpreted 
as the expression of the recruitment of residual ventricu-
lar filling reserve, which is a fundamental compensatory 
mechanism for maintaining cardiac output in patients 
with HF (Colucci, 1997).

Thyroid Hormone Analogs Administration In 1992, 
a TH analog (DITPA) showed cardiac inotropic selectiv-
ity comparable to TH itself, accompanied by minimal  
effects on heart rate and metabolic activity (Pennock 
et al., 1992). Long-term administration of DITPA also 
stimulates coronary arteriolar growth without inducing  
cardiac hypertrophy, by upregulating key angiogenic growth  
factors (Wang et al., 2003). In a pilot randomized DITPA 
vs. placebo clinical study, DITPA was administered in 
patients with NYHA functional class II–III for 2–4 weeks 
at a dosage of 1.87–3.75 g/kg body weight per day. The 
major hemodynamic effects consisted of improved cardiac 
index and decreased systemic vascular resistance index. 
Furthermore, diastolic function was ameliorated, as docu-
mented by the decrease in the isovolumetric relaxation 
time, which is a parameter of diastolic cardiac relaxation 
properties (Morkin et al., 2002).

Genetic Manipulation Recent experimental data 
encourage the adoption of a new target-organ strategy 
based on genetic manipulation. In this way it is possible 
to overwhelm all limitations related to systemic admin-
istration of synthetic native hormone or TH analogs. In 
the rat model of pressure overload cardiac dysfunction, 
the enhancement of T3 signaling by increased deiodi-
nase Type 2 activity or TR expression has been linked to 
improved cardiac contractile function and prevention of 
HF (Trivieri et al., 2006; Belke et al., 2007). In particular, 
the mechanism for preventing HF may depend on avoid-
ing the reversion from an adult to a fetal gene-like state, 
i.e., the shift from -MCH to -MCH and decreased 
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SERCA2, which has also been demonstrated in the human 
failing heart in response to hypothyroidism. Moreover, 
in human VSM cells and in the animal microcirculatory 
system, the discovery of a deiodinating pathway able to 
produce local T3 with vasodilating action (Mizuma et al., 
2001; Colantuoni et al., 2005) confirms that the vascular 
system is also a direct target of TH and may be a poten-
tial point of genetic manipulation to modulate vascular 
peripheral resistance during evolution of HF.

In conclusion, the overall available data on patients with 
HF treated with synthetic THs or the TH analog DITPA 
suggest that most of the observed effects on cardiac per-
formance can be explained on the basis of both genomic 
and nongenomic TH direct actions on cardiac and vascu-
lar systems, perfectly in line with our knowledge of cellu-
lar mechanisms induced by TH. At the same time, a new 
mechanism of TH action to be explored is the cross-talk 
with the neuroendocrine vasoactive/sodium-retaining sys-
tem. Preliminary data seem to indicate the presence of 
neuroendocrine deactivation, probably contributing to 
the ameliorated hemodynamic conditions, as documented 
by the decrease in circulating noradrenaline plasma levels 

and in the counterpart NT-pro-BNP secondary to L-T3  
treatment in patients with HF (Figure 110.8).

Perspectives and Conclusions

Experimental and clinical findings increasingly support 
the concept that thyroid function plays a fundamental role 
in cardiovascular homeostasis in both physiological and 
pathological conditions. However, additional pathophysi-
ological studies in animals and humans are needed to bet-
ter define the potential effects of altered iodine intake and 
thyroid hormone metabolism as observed throughout the 
evolution of HF, especially in salt-restricted patients liv-
ing in an area of chronic iodine deficiency. Moreover, large 
multicenter, placebo-controlled prospective studies could 
provide safety and prognostic effects of the chronic treat-
ment with L-T3 (and/or L-T4 or TH analogs), as well as 
of iodine supplementation in patients with HF. Important 
issues would be a clear definition of primary and secondary 
endpoints (i.e., mortality, hospitalization, quality of life, 
side-effects, etc.), as well as the type, dosage and schedule 
of treatment. At the same time, the finding of Type 2 and 

Figure 110.7 Effects of L-T3 IV administration on systo-diastolic function assessed by cardiac magnetic resonance in a patient with 
heart failure. An example of cardiac magnetic resonance performed in a patient with dilated cardiomyopathy and low-T3 syndrome 
before and early after 3-day continuous administration of IV L-T3. The images show the traced endocardial (internal line) and epicardial 
(external line) borders of the left ventricle for calculating volumes of the left ventricle. Histograms show the values of the end-diastolic left 
ventricular volume and of the stroke volume before and early after 3-day continuous administration of IV L-T3 (unpublished data from the 
authors). *Mean valueSD.
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Type 3 deiodinase gene expression on the cardiovascular 
system, which implies a sophisticated mechanism of TH 
local bioavailability, opens the way to potentially interest-
ing therapeutic perspectives involving novel molecular and 
pharmacological strategies in the field of HF.

Summary Points

l  Although the heart still remains the main actor and the 
kidneys play a supporting role, metaphorically speaking, we 
can hypothesize that the neuroendocrine system, together 
with thyroid hormones, is the director who brings together 
all actors in the drama of HF and makes them converse.

l  Thyroid hormones play a pivotal role in cardiovascular 
homeostasis. Relaxation and contractile functions of the 
heart are significantly influenced by thyroid hormones, 
as well as by peripheral vascular tone.

l  The occurrence of iodine deficiency in cardiovascu-
lar human disease is a frequent finding independent of 
thyroid hormone status. A decreased urine iodine con-
centration has been detected in patients with dilated 
cardiomyopathy.

l  Salt restriction, as the basic treatment of congestive HF, 
can explain, at least in part, the relatively higher inci-
dence of dilated cardiomyopathy in geographic areas of 
chronic iodine deficiency.

l  Subclinical thyroid disorders are frequently observed in 
patients with long-standing idiopathic dilated cardio-
myopathy when they live in an area of chronic iodine 
deficiency.

l  Experimental studies in humans showed that a low thy-
roid state may alter cardiac histology, cardiomyocyte 

morphology and cardiac gene expression of structural 
and functional key proteins.

l  Transformation from the fetal to the mature heart 
coincides with the rapid surge of TSH and T3 levels 
after birth. The re-activation of the fetal gene program 
observed during HF in adult life appears to be reversible 
when a normal thyroid hormone profile is restored.

l  Clinical studies have shown the relevant independent 
prognostic role of a low-T3 state in the stratification of 
patients with HF.

l  In patients with HF and low-T3 state, who received 
intravenous L-T3, cardiac output improved rapidly and 
systemic vascular resistance decreased; heart rate, BP and  
metabolic demand were unchanged.
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Abstract

Iodine deficiency and other alterations in iodine metabo-
lism can lead to hypothyroidism. Regardless of the etiology 
of hypothyroidism, patients report muscle cramps, weak-
ness, exercise intolerance and a sense of fatigue. Prolonged 
deep tendon reflexes and elevated serum creatine kinase lev-
els are common. When considering the contractile activity 
of skeletal muscles, it is important to recognize that muscle 
function occurs in the context of motor units (a motone-
uron and the muscle fibers it innervates). In this chapter, 
hypothyroidism-induced structural and functional plastic-
ity of motor units is reviewed. Motor unit and muscle fiber 
type classification is critical when considering plasticity. 
With hypothyroidism, motoneurons display decreased soma 
and axon diameter, which may increase their excitability 
and reduce conduction velocity. Neuromuscular junctions 
at type I and IIa fibers display reduced size and complexity 
(classification based on myosin heavy chain (MHC) expres-
sion), which improves their ability to maintain neuromus-
cular transmission. The cross-sectional area (CSA) of type 
I and IIa fibers is either maintained or increased, whereas 
that of type IIx and/or type IIb fibers decreases. Expression 
of MHC isoforms is altered in hypothyroid muscles, with 
increased expression of MHCSlow and reduced expression 
of MHC2X and MHC2B. In fact, MHC content per half-
sarcomere decreases at fibers expressing MHC2X and/or 
MHC2B, reflecting fewer myosin cross-bridges available 
for force generation. Taken together, these changes result 
in reduced maximum force. However, the force generated 
per myosin cross-bridge is maintained, indicating that 
hypothyroidism does not impair cross-bridge force genera-
tion. Across fiber types, myosin cross-bridge cycling rates 
are reduced, as reflected by the markedly slower maximum 
velocity of shortening, rate constant for force redevelopment 
and ATP consumption rates. Overall energy utilization and 
production via glycolytic and oxidative pathways are mark-
edly reduced, with short-term stores of phosphocreatine  

being depleted more rapidly than normal at the onset of 
contractile activity. Fatigue resistance of isolated muscles 
is improved by hypothyroidism, but reductions in muscle 
blood flow likely limit fatigue resistance in vivo.

Abbreviations

fs  Fraction of myosin cross-bridges in 
the strongly bound state

ACh Acetylcholine
AChE Acetylcholinesterase
CSA Cross-sectional area
EPP End-plate potential
Fmax Maximum specific force
fcb  Average force generated by each 

myosin cross-bridge
fapp  Apparent rate of cross-bridge 

attachment
gapp  Apparent rate of cross-bridge 

detachment
kTR  Rate constant for force 

redevelopment
MHC Myosin heavy chain
nAChR Nicotinic acetylcholine receptors
NMJ Neuromuscular junction
RyR Ryanodine receptor
SDH Succinate dehydrogenase
SERCA  Sarcoplasmic reticulum Ca2 ATPase 

pump
SR Sarcoplasmic reticulum
T3 Triiodothyronine
T-tubules Transverse tubules
Vo  Maximum unloaded shortening 

velocity
Vmax Maximum shortening velocity
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Introduction

Iodine deficiency and other alterations in iodine metabo-
lism can lead to hypothyroidism. Regardless of the etiology 
of hypothyroidism, skeletal muscles become weaker and 
slower (Baldwin and Haddad, 2001; Caiozzo et al., 1992; 
Gosselin et al., 1996; Montgomery, 1992; Wiles et al., 
1979). Clinically, hypothyroidism may result in reduced 
tolerance to exercise, frequent cramps and a sense of muscle 
weakness and fatigue (Duyff et al., 2000). Enlarged mus-
cle bulk (DeLong, 1996; Norris and Panner, 1966; Salick 
et al., 1968; Swanson et al., 1981), slowed myotendinous 
reflexes (Rao et al., 1980) and elevations of serum creatine 
kinase levels (Burnett et al., 1994; Graig and Smith, 1965; 
Khaleeli et al., 1983; Khaleeli and Edwards, 1984) are com-
mon findings. With treatment that restores circulating 
triiodothyronine (T3) levels, the majority of muscle symp-
toms are resolved (Duyff et al., 2000; Khaleeli et al., 1983; 
Khaleeli and Edwards, 1984; Swanson et al., 1981).

Activation of skeletal muscles occurs in the context of 
neural activity imposed by motoneurons. A motoneuron 
and the muscle fibers it innervates comprise a motor unit. 
Structural and/or functional changes in motor units that 
occur in response to hypothyroidism are the subject of 
this chapter. A low-iodine diet results in thyroid hormone 
deficiency manifested by reduced levels of T3, thyroxine 
and thyroid-stimulating hormone. Importantly, in skeletal 
muscles, T3 levels are reduced in rats fed low-iodine diets 
when compared to controls (Escobar del Rey et al., 1989). 
Animal studies examining the effects of hypothyroidism 
on motor unit properties commonly use inhibitors of  
thyroid hormone synthesis (e.g., propylthiouracil), or sur-
gical thyroidectomy, rather than iodine deficiency. Several 
weeks are required for induction of hypothyroidism 
regardless of the model. Unless otherwise specified, animal 
studies of hypothyroidism will refer to the propylthiour-
acil or surgical models in rats. Developmental changes in 
response to congenital deficiencies in thyroid hormones, 
although of considerable interest, are beyond the scope of 
this chapter.

Classification of Motor Units

Motor units exhibit great diversity in terms of their 
mechanical, energetic and fatigue properties. Structural 
and functional diversity is evident at each level of the 
motor unit, including motoneurons, neuromuscular junc-
tions (NMJs) and muscle fibers. Although motor unit 
heterogeneity probably reflects a continuum of proper-
ties, motor units are categorized into four types based on 
mechanical and fatigue properties of the innervated muscle 
fibers: (1) slow-twitch, fatigue resistant (type S); (2) fast-
twitch, fatigue resistant (type FR); (3) fast-twitch, fatigue-
intermediate (type FInt); and (4) fast-twitch, fatigable 

(type FF) (Fournier and Sieck, 1988; Sieck et al., 1989) 
(Figure 111.1). Likewise, muscle fibers are classified into 
four types based on histochemistry or myosin heavy chain 
(MHC) isoform composition: (1) type I (MHCSlow); (2) 
type IIa (MHC2A); (3) type IIx (MHC2X); and (4) type IIb 
(MHC2B), respectively (Pette and Staron, 2000; Schiaffino 
and Reggiani, 1996; Sieck et al., 1983, 1995).

Motoneurons

Motoneuron structure

The morphology of motoneurons innervating a given muscle 
varies considerably (Prakash et al., 2000). Heterogeneity in 
somal morphology and dendritic arborization may contrib-
ute to differences in intrinsic electrophysiological properties 
across motoneurons. For example, motoneurons belonging 
to type S motor units are generally the smallest (highest input 
resistance), most excitable (lowest rheobase) and display the 
slowest axonal conduction velocities among motoneurons. 
In contrast, motoneurons belonging to type FF motor units 
have the lowest input resistance, highest rheobase and fastest 
axonal conduction velocities (Burke, 1981).

Effect of Hypothyroidism on Motoneuron Structure
Hypothyroidism has been shown to reduce the number 
and size of motoneurons. Using choline acetyltransferase 
as a marker of motoneurons in the rat lumbar spinal cord, 

S

MHCSlow MHC2A
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MHC2X

FInt

MHC2B

FF

Figure 111.1 Motor unit types. A motor unit consists of a 
motoneuron and the skeletal muscle fibers it innervates. Motor 
units are categorized into four types based on mechanical and 
fatigue properties: (1) slow-twitch, fatigue resistant (type S); (2) 
fast-twitch, fatigue resistant (type FR); (3) fast-twitch, fatigue-
intermediate (type FInt); and (4) fast-twitch, fatigable (type FF). 
Muscle fibers are also classified into corresponding types whether 
based on histochemistry or myosin heavy chain (MHC) isoform 
composition: (1) type I fibers (expressing MHCSlow); (2) type IIa 
fibers (MHC2A); (3) type IIx fibers (MHC2X); and (4) type IIb fib-
ers (MHC2B). The size and complexity of a neuromuscular junc-
tion varies with fiber type, with those at type I and IIa fibers being 
smaller and having less branching compared to those at type IIx 
and IIb fibers.
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Giardino et al. (2002) reported that hypothyroidism reduced 
the number of motoneurons, an effect that was prevented 
by hormonal replacement. Hypothyroidism also resulted 
in smaller somal diameters and surface areas of motoneu-
rons innervating the rat soleus muscle (comprised of type 
S motor units primarily, with some type FR motor units), 
as well as a reduction in the dimensions of other motoneu-
rons located in the lumbar spinal cord (Bakels et al., 1998; 
Giardino et al., 2002). This decrease in average somal size 
is consistent with the disappearance of type IIa muscle fib-
ers (i.e., type FR motor units) from the hypothyroid soleus 
muscle (Caiozzo et al., 1993). Based on the “size principle,” 
smaller motoneuron somata would make motor units more 
excitable and increase the likelihood of recruitment, which 
would clearly impact the force generated by the motor unit.

Several other studies have examined axon morphology 
in peripheral nerves of hypothyroid patients. In sural nerve 
biopsies, the density and diameter of myelinated axons 
decreased, and signs of segmental demyelination and remy-
elination were observed (Dyck and Lambert, 1970). In 
contrast, after 3 months of hypothyroidism in adult rats, 
axon myelination and the density of myelinated axons did 
not appreciably change within the sciatic nerve (Quattrini 
et al., 1993). These studies, however, did not uniquely 
identify motor axons within the mixed nerve. Prakash  
et al. (1996a) specifically examined the dimensions of 
motor axons innervating type-identified diaphragm muscle 
fibers and found a 30% reduction in the diameter of axons 
at type I fibers (type S motor units) with no change in the 
diameters at other fiber types.

Motoneuron function

Force development in skeletal muscle is achieved through the 
orderly recruitment of motor units. According to Henneman 
et al.’s (1965) “size principle,” smaller motoneurons with 
smaller axons and slower conduction velocities have lower 
membrane capacitance, higher input resistance and lower 
rheobase, and thus are recruited first for a given synaptic 
input. For example, phrenic motoneurons with slower axonal 
conduction velocities are recruited first during inspiratory 
efforts, and type S and FR motor units are recruited first 
and more often, whereas type FInt and FF motor units are 
recruited later and less infrequently (Burke, 1981; Sieck and 
Fournier, 1989).

Effect of Hypothyroidism on Motoneuron Function 
No study has directly examined the effect of hypothy-
roidism on motor unit recruitment across different motor 
behaviors. Based on electromyographic evaluation of 
motor unit activation during voluntary contractions, 
it appears that an orderly recruitment is still present in 
hypothyroid patients (Gardner, 2005; Swanson et al., 
1981). This level of analysis cannot address whether there 
are more subtle changes in motor unit recruitment; for 

example, the number of motor units involved in a given 
level of force development or the frequency of motor unit 
activation.

A few studies have examined the effect of hypothy-
roidism on the conduction velocity of action potential 
propagation in mixed nerves. In both hypothyroid rats and 
humans, nerve conduction velocity was either unchanged 
(Quattrini et al., 1993) or modestly reduced (Dyck and 
Lambert, 1970; Rao et al., 1980). Since these studies 
examined mixed nerves, a selective effect on motor axons 
can be obscured. Indeed, as mentioned above, we found 
that hypothyroidism reduced axon diameters only in type 
S motor units in the rat diaphragm muscle (Prakash et al., 
1996a). Clinically, hypothyroidism results in prolongation 
of the deep tendon reflex (Swanson et al., 1981), likely 
related to the slowing of conduction velocities in sensory 
and/or motor axons.

Neuromuscular Junction

NMJ structure

The NMJ exhibits marked differences in structure and 
function across motor unit types (Fournier et al., 1991; 
Johnson and Sieck, 1993; Prakash et al., 1995a, b, 1996a, 
b, 1999; Prakash and Sieck, 1998; Sieck and Prakash, 
1995, 1997a; Sieck et al., 1999). For example, in the 
rat diaphragm muscle, NMJs at type IIx and IIb fib-
ers are larger and far more structurally complex at both 
presynaptic nerve terminals and postsynaptic motor end-
plates compared to NMJs at type I and IIa muscle fibers. 
Ultrastructural differences are also evident across NMJs at 
different motor unit types (Fahim et al., 1984): presynap-
tic terminals are smaller and contain fewer mitochondria 
at type I and IIa diaphragm muscle fibers compared to 
type IIx and IIb fibers. In addition, NMJs at type I and 
IIa fibers display less branching of postsynaptic folds; and 
mitochondria, rough endoplasmic reticulum, free polys-
omes, and nuclei are frequently interposed between postsy-
naptic specializations and myofibrils. Synaptic vesicle pool 
sizes also differ across presynaptic terminals at the differ-
ent fiber types (Mantilla et al., 2004a, 2007; Rowley et al., 
2007), with the number and density of synaptic vesicles in 
proximity to active zones being greater at type I or IIa fib-
ers compared to type IIx and/or IIb fibers.

Effect of Hypothyroidism on NMJ Structure
Hypothyroidism may result in motor unit type-specific 
adaptations in NMJ structure. Using confocal microscopy 
to analyze the effect of hypothyroidism on the three-
dimensional structure of NMJs in the rat diaphragm 
muscle, Prakash et al. (1996a) found that hypothyroidism 
reduced the planar area of both axon terminals and motor 
end-plates at type I and IIa muscle fibers, and decreased 
the number of branches and mean branch length. In 
 contrast, morphological adaptations were not evident for 
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NMJs at type IIx and/or IIb fibers. Moreover, the extent 
of overlap between pre- and postsynaptic components of 
the NMJ was lower at type I muscle fibers in hypothyroid 
compared to control animals. No studies have specifically 
examined the effects of hypothyroidism (either as a result 
of low-iodine diets or other conditions) on the ultrastruc-
ture of NMJs or the size of synaptic vesicle pools.

NMJ function

Consistent with the fiber type differences in NMJ structure, 
electrophysiological properties and neuromuscular transmis-
sion also vary with motor unit type (Gertler and Robbins, 
1978). At presynaptic terminals in the rat diaphragm mus-
cle, synaptic vesicle density surrounding active zones (i.e., the 
“readily releasable pool” of synaptic vesicles) is higher at type I 
and IIa fibers compared to type IIx and IIb fibers (Mantilla 
et al., 2004a, 2007; Rowley et al., 2007). The rate of syn-
aptic vesicle recycling is also higher for presynaptic terminals 
at type I and IIa fibers compared to type IIx and IIb fibers.  
A higher synaptic vesicle density suggests a larger pool of 
available vesicles available for neuromuscular transmission, 
and faster vesicle recycling rates suggest slower depletion of 
vesicles during repeated activation.

Voltage-gated Na channels are not uniformly distrib-
uted across muscle fibers, with higher Na current densi-
ties at the base of junctional folds and at the perijunctional 
membrane (Flucher and Daniels, 1989). In agreement with 
the greater postsynaptic folding of type IIx and IIb muscle 
fibers, there is higher density of voltage-gated Na chan-
nels at these end-plates compared to type I and IIa fibers 
(Ruff, 1992). In general, acetylcholinesterase (AChE) den-
sity depends on the end-plate surface area (Salpeter, 1967), 
so that AChE density is expected to be higher at the more 
fatigable motor units compared to less fatigable ones.

A measure of the fidelity of neuromuscular transmission 
is the safety factor, defined as the ratio of end-plate poten-
tial (EPP) amplitude to the activation threshold necessary 
to initiate an action potential at the muscle fiber (Ermilov 
et al., 2007; Gertler and Robbins, 1978). Less fatigable 
motor units (comprising type I or IIa fibers) consistently 
have a smaller safety factor than the more fatigable motor 
units (comprising type IIx or IIb fibers) at first, but with 
repeated activation the safety factor does not change at the 
less fatigable motor units, whereas it is lowered at more 
fatigable ones. The ability to sustain neuromuscular trans-
mission at motor units comprising type I or IIa fibers may 
thus reflect a slower depletion of the vesicle pool during 
repetitive activation at these motor units, reflecting their 
lower firing rates (Rowley et al., 2007).

Fatigue (defined as a decline in force following repeated 
contractions) can occur as a result of a failure to activate 
motoneurons (commonly referred to as central fatigue) or 
from failure in neuromuscular transmission, excitation–
contraction coupling, or from the mismatching of energy 

requirements and availability at the muscle level (peripheral 
fatigue). Fatigue is usually examined in response to repeti-
tive activation, either by direct muscle stimulation or by 
indirect nerve stimulation. The stimulation paradigm (stim-
ulation frequency and duty cycle) is a very important deter-
minant of muscle fatigue, such that muscle fatigue increases 
at higher stimulation frequencies (Johnson and Sieck, 1993; 
Prakash et al., 1999). Neuromuscular transmission failure in 
the rat diaphragm muscle also depends on the rate of motor 
axon simulation (Fournier et al., 1991; Kuei et al., 1990), 
such that there is increased failure of action potential propa-
gation and neuromuscular transmission at higher stimulus 
frequencies (Johnson and Sieck, 1993).

Neuromuscular transmission failure can contribute to 
muscle fatigue (Aldrich et al., 1986). In the rat diaphragm 
muscle, neuromuscular transmission failure has been esti-
mated by comparing forces induced during repetitive 
phrenic nerve stimulation to those induced by direct mus-
cle stimulation (Blanco et al., 2001; Fournier et al., 1991; 
Kuei et al., 1990; Mantilla et al., 2004b; Miyata et al., 
1995; Prakash et al., 1996a). With the onset of neuromus-
cular transmission failure, muscle fibers are not activated 
and thus, they are spared from muscle-dependent fatigue. 
Accordingly, with a greater extent of neuromuscular trans-
mission failure, the difference between forces elicited by 
indirect nerve versus direct muscle stimulation becomes 
greater (Figure 111.2a). Type FF motor units are more 
susceptible to neuromuscular transmission failure com-
pared to type S or FR motor units (Johnson and Sieck, 
1993; Sieck and Fournier, 1990). Potential sites of neu-
romuscular transmission failure include: failure of axonal 
propagation of action potentials; depletion of synaptic  
vesicles; failed activation of nicotinic acetylcholine recep-
tors (nAChRs); and reduced EPP that is insufficient to 
initiate an action potential in the muscle fiber (Sieck and 
Prakash, 1995).

Effect of Hypothyroidism on NMJ Function
Hypothyroidism apparently improves the ability to sus-
tain synaptic vesicle release with repeated activation. Using 
electrophysiological measurements in the rat diaphragm 
muscle (Hoffman and Denys, 1972), EPP amplitude at 
the onset of stimulation was not changed with hypothy-
roidism. With repeated nerve stimulation, EPP amplitudes 
were, in fact, larger in hypothyroid muscles compared to 
euthyroid controls. Hypothyroidism did not affect the 
resting membrane potential, or the frequency and ampli-
tude of miniature EPPs. Although not tested directly, these 
results suggest that the number and density of synaptic 
vesicles is minimally changed, if at all, but that synaptic 
vesicle cycling is improved in hypothyroid animals.

Hypothyroid animals do not display significant impair-
ment of neuromuscular transmission. Although increased 
thyroid hormone levels increase the expression of volt-
age-gated Na channels in cultured myotubes (Brodie 
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and Sampson, 1989) and rat muscle fibers (Harrison and 
Clausen, 1998), the effect of hypothyroidism is unclear. 
Hypothyroidism may reduce the expression of a fast isoform 
of AChE (G4) which is typically found in type II muscle fib-
ers (Kragie and Stock, 1994), but hypothyroidism does not 
affect overall AChE levels or activity. Hypothyroidism also 
reduces the density of nAChR in muscle fibers (Kragie and 
Smiehorowski, 1993), which would act to make the end-
plate less excitable. At present, there are no reports exam-
ining the effect of hypothyroidism on the safety factor for 
neuromuscular transmission. However, when taken together, 
it is likely that hypothyroidism does not impair action poten-
tial propagation in nerve terminal branches, release of ace-
tylcholine (ACh), activation of nAChR, or action potential 
activation threshold in muscle fibers. Indeed, Prakash et al. 
(1996a) reported that hypothyroidism improves neuromus-
cular transmission in the rat diaphragm (Figure 111.2b).

Skeletal Muscles

Muscle fibers within a motor unit share common contractile 
protein composition and metabolic enzyme activities that 
influence their contractile and fatigue properties (Burke, 

1981; Enad et al., 1989; Fournier and Sieck, 1988; Sieck, 
1988, 1991, 1995; Sieck et al., 1989, 1996a). Accordingly, 
motor units composed of fibers expressing MHCSlow have 
greater oxidative enzyme activity, display slower contractile 
properties and are more fatigue resistant. Motor units com-
posed of fibers expressing MHC2A also have greater oxidative 
enzyme activity and are more fatigue resistant, but display 
faster contractile properties. Motor units composed of fib-
ers expressing MHC2X have lower oxidative enzyme activ-
ity and are thus more susceptible to fatigue, and also display 
faster contractile properties. Finally, motor units composed 
of fibers expressing MHC2B (usually in combination with 
MHC2X) have the lowest oxidative enzyme activity and are 
thus the most susceptible to fatigue (Sieck et al., 1995).

Muscle Structure

MHC Content and Fiber CSA The cross-sectional area 
(CSA) of a muscle fiber relates to the number of cross-
bridges that can form in parallel (MHC content per half-
sarcomere) and thus, to the force that a fiber can generate. 
Sarcomeres contain two symmetric functional elements, 
each generating force in opposing directions; thus, the 
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Figure 111.2 Neuromuscular transmission failure (NMTF). NMTF was assessed using electrical stimulation pulses (40 Hz for trains  
330 ms duration – repeated each second for a 2-min period) applied to the distal stump of the phrenic nerve of a rat diaphragm prepara-
tion with the nerve attached. The force elicited by nerve stimulation was compared to that elicited by direct muscle stimulation applied every 
15 s (two 40-Hz trains) via electrodes in the bath solution. Representative force tracings of the 2-min test are shown for control (a) and 
hypothyroid (b) rat diaphragm muscles. From these force recordings, NMTF was calculated as (DN  M)/(1  DM), where DN was the 
relative force loss during nerve stimulation and DM was the relative force loss during direct muscle stimulation. Hypothyroidism in rats 
was induced for 3 weeks prior to assessment of NMTF. In hypothyroid rats, NMTF was reduced in the diaphragm muscle (c), indicating 
an improvement in neuromuscular transmission. *Indicates statistically significant difference from control muscle strips (p  0.05). Error 
bars are SEM. Figure reproduced with permission from Prakash et al., (1996a).
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half-sarcomere is the basic element of force generation. In 
general, muscle fibers of different types have different fiber 
CSA, such that the rank order of average fiber CSA is type I 
(MHCSlow)  type IIa (MHC2A)  type IIx (MHC2X) 
and/or IIb (MHC2B). MHC content per half-sarcomere 
varies across fiber types. In fibers expressing MHCSlow and 
MHC2A, values for MHC content per half-sarcomere are 
lower than expected for the corresponding CSA, due to 
their relatively higher mitochondrial content compared to 
fibers expressing MHC2X and/or MHC2B.

The fundamental relationship between the CSA and the 
number of cross-bridges in parallel reflects the sarcomeric 
organization of muscle fibers. Force increases with CSA and 
thus force is usually normalized for CSA to determine the 
specific force, which enables comparisons across experimen-
tal conditions. However, force may also relate to the con-
centration of contractile proteins within the fiber volume. 
Sarcomeric lattice spacing contributes to the myosin cross-
bridges generating force when binding actin filaments.

Effect of Hypothyroidism on MHC Content and Fiber CSA
Clinically, hypothyroidism results in enlarged muscle bulk 
(DeLong, 1996; Norris and Panner, 1966; Salick et al., 
1968), with no measurable change in connective tissue or 
water content (Herb et al., 1996). With hypothyroidism, 
the CSA of fibers expressing MHCSlow or MHC2A is either 
maintained or increases, whereas it decreases at fibers 
expressing MHC2X and/or MHC2B. This fiber type-specific 
effect is evident in muscles of a predominantly homogenous 
composition and in those of mixed fiber type composi-
tion, both in rats (Geiger et al., 2002; Johnson et al., 1983; 
McAllister et al., 1991; Norenberg et al., 1996) and humans 
(Khaleeli et al., 1983; Wiles et al., 1979) (Figure 111.3a). 
In addition, hypothyroidism has a fiber type-specific effect 
on MHC content per half-sarcomere in the rat diaphragm 
muscle (Geiger et al., 2002; Khaleeli et al., 1983), with a 
decline only in fibers expressing MHC2X and/or MHC2B 
and not in those expressing MHCSlow or MHC2A. The 
large decline in MHC content per half-sarcomere in fibers 
expressing MHC2X and/or MHC2B was not accompanied 
by a proportionate decline in fiber CSA (Geiger et al., 2002) 
(Figure 111.3). Taken together, hypothyroidism results in a 
large decline in MHC concentration at all fibers types in 
the rat diaphragm: ranging from ,40% in fibers express-
ing MHCSlow or MHC2A, to ,55% in fibers expressing 
MHC2X and/or MHC2B.

The lower MHC concentration in muscle fibers that is 
induced by hypothyroidism may reflect several contrib-
uting factors. For example, using electron microscopy in 
rat diaphragm muscles (Geiger et al., 2002), the fraction 
of muscle CSA occupied by myofibrils (myofibrillar vol-
ume density) did not change in fibers expressing MHCSlow 
or MHC2A, but decreased slightly in fibers expressing 
MHC2X and/or MHC2B. Mainly mitochondria, sarcoplas-
mic reticulum (SR), and transverse (T)-tubules occupied 

 nonmyofibrillar volume in both control and hypothy-
roid muscles. These results are in general agreement with 
previous electron microscopic studies using biopsies of 
hypothyroid patients that showed some regions of the 
myofibrils had wider spacing, increased lipid droplets, 
vacuoles and lysosomes (Khaleeli et al., 1983; Norris and 
Panner, 1966). Geiger et al. (2002) also showed that the 
thick and thin filament lattice spacing was ,10% larger in 
diaphragm fibers expressing MHC2X and/or MHC2B from 
hypothyroid rats compared to control. When the reduced 
myofibrillar volume density and increased lattice spacing 
are considered together, there is ,20% overall decrease in 
the thick filaments of diaphragm fibers.

Expression of MHC Isoforms The expression of MHC 
isoforms in a muscle determines its functional proper-
ties. Single fiber studies have demonstrated an association 
between MHC isoform composition, force generation and 
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Figure 111.3 Fiber cross-sectional area (CSA) and MHC con-
tent. Fiber CSA (a) and MHC content per half-sarcomere (b) are 
plotted for type-identified fibers isolated from adult rat diaphragm 
muscle. Hypothyroidism was induced for 3 weeks in the rats 
prior to tissue extraction, fiber isolation and in vitro evaluation. 
According to the methods used in Geiger et al. (2002), sarcomere 
length was set to 2.5 m for fiber size measurements. For fibers 
expressing MHC2X and/or MHC2B, the decrease in MHC content 
per half-sarcomere was proportionally larger than the decrease 
in CSA, reflecting lower MHC concentration. *Indicates statisti-
cally significant difference from control fibers expressing the same 
MHC isoform (p  0.05). Error bars are SEM.
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velocity of shortening (Geiger et al., 1999, 2000; Han  
et al., 2003; Sieck and Prakash, 1997b). A subset of muscle 
fibers expresses a hybrid mixture of MHC isoforms. For 
example, the diaphragm muscle of adult rats has almost no 
fibers containing only MHC2B, but many fibers co-express 
MHC2X and MHC2B (Geiger et al., 2001, 2002).

Effect of Hypothyroidism on Expression of MHC Isoforms
Thyroid hormone appears to have a direct influence 
on MHC isoform expression (Gustafson et al., 1986; 
Yu et al., 1999). In the rat diaphragm muscle, hypothy-
roidism results in a decline in expression of MHC2X and 
MHC2B, along with an increase in expression of MHCSlow 
and MHC2A (Gosselin et al., 1996; Herb et al., 1996). 
Hypothyroidism may result in different isoform-specific 
effects across different muscles (Izumo et al., 1986; Larsson 
et al., 1994). For example, in the rat plantaris muscle (com-
prising MHCSlow, MHC2A, and MHC2B), hypothyroidism 
results in a decrease in MHC2B along with an increase in 
MHCSlow and MHC2A; but in the rat soleus muscle (com-
prising MHCSlow and MHC2A), hypothyroidism results 
in a decrease in MHC2A and an increase in MHCSlow 
(Caiozzo et al., 1992). These results agree with histologi-
cal studies in which the relative number of type II fibers 
decreased, whereas type I increased (Johnson et al., 1983; 
McAllister et al., 1991; Norenberg et al., 1996; Wiles  
et al., 1979). Thus, hypothyroidism results in a reduction 
in expression of faster MHC isoforms and an increase in 
that of slower MHC isoforms when compared to control 
muscles (Baldwin and Haddad, 2001; Caiozzo et al., 1993; 
Canepari et al., 1998; Geiger et al., 2002; Kirschbaum  
et al., 1990; Larsson et al., 1995; Montgomery, 1992; 
Sieck et al., 1996b; Vadaszova et al., 2006).

Expression of Ion Channels and Pumps Differences in 
the expression of voltage-gated ion channels at the sarco-
lemma, T-tubular system, or SR may determine the exci-
tation of a muscle fiber in response to neurotransmitter 
release. A decrease in the amount of T-tubules measured 
per unit volume or voltage-gated Na channels would 
potentially act to decrease the amplitude of the muscle 
action potential. Similarly, Ca2 entry and release from 
intracellular stores (mainly the SR) influence thin filament 
activation and, ultimately, force generation.

Effect of Hypothyroidism on Expression of Ion Channels and 
Pumps The effect of hypothyroidism on the expres-
sion of sarcolemmal proteins involved in action potential 
propagation and Ca2 entry in skeletal muscle has been 
incompletely studied. For example, hypothyroid muscles 
have lower levels of Na–K ion pump activity (Kjeldsen 
et al., 1986) and expression (Everts and Clausen, 1988; 
Everts, 1996). Moreover, plasma K-ion concentrations 
increase to a greater extent during exercise in hypothyroid 
dogs compared to controls, consistent with hypothyroid-
induced reductions in Na–K ATPase pump activity 

and/or expression (Schaafsma et al., 2002). The sarcolem-
mal Na–Ca2 exchanger, which extrudes Ca2 from the 
myoplasm to the extracellular space, decreased in soleus 
muscles of hypothyroid rats, but not in extensor digitorum 
longus muscles (comprising type IIb fibers) (Hudecova  
et al., 2004).

Thyroid hormone levels may regulate the density of  
T-tubules and SR cisternae. Although T-tubular density has 
not been studied directly in hypothyroid muscles, increased 
levels of thyroid hormone disproportionately increase the 
amount of T-tubules relative to SR cisternae (measured per 
unit volume) in rat hind-limb muscles (Dulhunty et al., 
1986). Conversely, hypothyroid muscles have reduced 
amplitude of muscle fiber action potentials, consistent 
with reduced T-tubule density (Rao et al., 1980).

Hypothyroidism has a small effect on proteins involved 
in Ca2 release in the SR of rat soleus and extensor digi-
torum longus muscles (Hudecova et al., 2004). Only the 
ryanodine receptor (RyR) isoform 2 was reduced in both 
muscles, with no change in the mRNA expression for the 
RyR1 or the isoforms 1 and 2 of the inositol 1,4,5-triphos-
phate receptor. A reduction in RyR2 (usually expressed in 
cardiac myocytes where it subserves Ca2-induced Ca2 
release) can be expected to have minimal impact on myo-
plasmic Ca2 levels in skeletal muscle. Hypothyroidism 
downregulates expression of the SR Ca2 ATPase pump 
(SERCA) (Simonides et al., 2001), an effect that is larger 
for the SERCA1 isoform (with faster kinetics and pre-
dominant expression in fast-twitch muscles (Periasamy 
and Kalyanasundaram, 2007)) than for SERCA2 (pre-
dominantly expressed in slow-twitch muscles). Changes 
in SERCA isoform expression may affect the rate at which 
Ca2 is cleared from the myoplasm, and thus muscle relax-
ation after skeletal muscle contraction.

Muscle function

Changes in skeletal muscle function may involve changes 
in excitation–contraction coupling as a result of altera-
tions at any point in the pathway: neuromuscular trans-
mission; action potential propagation; conduction along 
the T-tubule system; regulation of myoplasmic Ca2 (from 
extracellular or intracellular stores); Ca2 sensitivity; force 
generation; velocity of shortening; metabolic capacity; and 
susceptibility to fatigue.

Excitation–Contraction Coupling Myoplasmic Ca2 
concentration modulates force generation through bind-
ing to troponin C, leading to thin filament activation and 
formation of cross-bridges. The relationship between myo-
plasmic Ca2 and force generation is commonly described 
by the pCa50, i.e., the potential Ca2 concentration (nega-
tive logarithm) at which 50% of maximum force is gen-
erated. The pCa50 of fibers expressing MHCSlow is higher 
than that of fibers expressing “fast” MHC isoforms, with 
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no difference across fibers expressing MHC2A, MHC2X, 
and/or MHC2B isoforms (Geiger et al., 1999).

Measurements of twitch contraction times reflect the 
rates of Ca2 flow into and out of the myoplasm. The time 
to peak twitch force is influenced by the rate of increase 
in myoplasmic Ca2. Conversely, half relaxation time of 
twitch force is influenced by the rate of decrease in myo-
plasmic Ca2 (reflecting primarily SERCA activity). Values 
for time to peak twitch force and half relaxation time of 
twitch force also vary across muscles, such that muscles 
composed of predominantly type II fibers have shorter 
times compared to those composed of predominantly type 
I fibers (Larsson et al., 1994; Vedsted et al., 2003).

Effect of Hypothyroidism on Excitation–Contraction Coupling 
Hypothyroidism appears to have minimal to no effect on 
myoplasmic Ca2 levels or Ca2 sensitivity. The pCa50 
was not altered by hypothyroidism in the rat soleus mus-
cle (Norenberg et al., 1996). Clinically, hypothyroidism 
results in slowed muscle relaxation (Khaleeli and Edwards, 
1984; Swanson et al., 1981; Waldstein et al., 1958; Wiles 
et al., 1979). Hypothyroidism results in prolongation of 
the time to peak twitch force and the half relaxation time 
of twitch force in rat diaphragm muscle (Figure 111.4), and 
in other muscles of varying fiber type composition (Bakels 
et al., 1998; Cuppini et al., 1994; Gosselin et al., 1996; 
Montgomery, 1992; Roy et al., 2003).

Force The force generated by a muscle reflects the 
number and type of motor units recruited (Burke, 1981; 
Enad et al., 1989; Fournier and Sieck, 1988; Fournier  
et al., 1991; Johnson and Sieck, 1993; Sieck and Fournier, 
1989; Sieck, 1995). The force generated by a maximum 

contraction of all the fibers within a muscle is commonly 
normalized by the CSA (i.e., the number of cross-bridges 
in parallel) and is denoted as Fmax (Gosselin et al., 1996; 
Zhan and Sieck, 1992; Zhan et al., 1995). Isolated muscle 
fibers expressing MHCSlow generate lower Fmax compared 
to fibers expressing “fast” MHC isoforms, generally show-
ing a rank order of MHCSlow  MHC2A  MHC2X   
MHC2B (Geiger et al., 2000, 2001, 2002; Sieck et al., 
1996a; Sieck and Prakash, 1997b). Fiber type differences 
in Fmax can be partially explained by differences in MHC 
content per half-sarcomere and/or differences in mito-
chondrial volume densities. Fibers expressing MHCSlow 
and MHC2A isoforms have significantly higher mitochon-
drial volume densities than those expressing MHC2X and 
MHC2B isoforms (Sieck et al., 1995).

The force developed by a muscle fiber reflects the net 
contribution of all of the myosin cross-bridges (in paral-
lel) that are strongly bound to the actin thin filaments 
and in the force-generating state (Brenner, 1988; Sieck 
and Prakash, 1997b). Cross-bridges cycle between two 
functional states (Huxley and Simmons, 1971): a force-
generating state (when strongly attached to actin) and a 
nonforce-generating state (when detached from actin). 
The relative proportion of attached and nonattached cross-
bridges can be estimated from measurements of muscle 
stiffness, i.e., the change in force induced by small ampli-
tude length perturbations (1% optimal length, assumed 
to not disrupt cross-bridge binding), at a rate that exceeds 
cross-bridge cycling. Under these conditions, each cross-
bridge incrementally contributes force against the imposed 
load, and the total stiffness of the fiber during activation 
reflects the number of strongly bound cross-bridges. Force 
generated by a muscle fiber can be described by the follow-
ing equation (Brenner, 1988):

 F n f= ⋅ ⋅cb fs  

where F is the maximum force, n the average number of 
available cross-bridges within each half-sarcomere (esti-
mated from MHC content per half-sarcomere in our stud-
ies), fcb the average force generated by each cross-bridge 
that is in the strongly bound state, and fs the fraction of 
cross-bridges that are in the strongly bound state (Sieck 
and Prakash, 1997b). In muscle fibers from control dia-
phragm muscles (Geiger et al., 2000, 2001, 2002), fs 
appears not to vary across fiber types, and fcb is lower in 
fibers expressing MHCSlow compared with MHC2X and/
or MHC2B. Thus, fibers with a larger CSA have larger  
MHC content per half-sarcomere (n) and generate larger 
force (F).

Effect of Hypothyroidism on Force Hypothyroidism results 
in lower Fmax (Caiozzo et al., 1992; Cuppini et al., 1994; 
Gosselin et al., 1996), with values for rat diaphragm 
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Figure 111.4 Isometric twitch contraction times. Time to peak 
twitch force (a) and half relaxation time of twitch force (b) are plot-
ted for rat diaphragm muscle strips. Hypothyroidism was induced 
for 3 months in the rats prior to tissue extraction and in vitro eval-
uation. Hypothyroidism resulted in prolonged time to peak twitch 
force and half relaxation time. *Indicates statistically significant dif-
ference from control muscle strips (p  0.05). Error bars are SEM.
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 muscle plotted in Figure 111.5a. These lower values for 
Fmax are consistent with clinical reports of muscle weakness 
observed in hypothyroid patients (DeLong, 1996; Duyff  
et al., 2000; Khaleeli and Edwards, 1984; Norris and 
Panner, 1966; Rao et al., 1980; Wiles et al., 1979). The 
lower Fmax of fibers expressing MHCSlow compared to 
fibers expressing “fast” MHC isoforms can only partially 
explain the reduction in Fmax observed in hypothyroid 
muscles, even when considering the hypothyroid-induced 
increase in MHCSlow expression at the whole muscle level. 
The reduction in Fmax is consistent with the reductions in 
MHC concentration discussed above.

Hypothyroidism does not affect the maximum force 
elicited by isolated fibers expressing MHCSlow or MHC2A 
isoforms, but does decrease the force elicited by fib-
ers expressing MHC2X and/or MHC2B (Figure 111.5b). 
Indeed, when force is normalized by fiber CSA, Fmax values 
are decreased for fibers expressing MHC2A, MHC2X, and/
or MHC2B (Figure 111.5c), in agreement with our previ-
ous report (Geiger et al., 2002). However, as mentioned 
above, hypothyroidism also decreases MHC content per  
half-sarcomere in fibers expressing MHC2X and/or 
MHC2B. Taken together, hypothyroidism did not affect fcb 
(Figure 111.5d) or fs across fiber types. Thus, maximum 
force is reduced in hypothyroid fibers primarily as a result 
of a reduction in the number of available cross-bridges 
within each half-sarcomere.

Velocity of Shortening Maximum unloaded shortening 
velocity (Vo) also differs across muscle fiber types, which 
generally show a rank order of MHCSlow  MHC2A  
MHC2X  MHC2B (Sieck and Prakash, 1997b; Vedsted  
et al., 2003). These differences in Vo generally correspond 
to the lower actomyosin ATPase activities of fibers express-
ing MHCSlow and MHC2A, compared to those of fibers 
expressing MHC2X and/or MHC2B. In both single fib-
ers and muscle bundles, the maximum shortening veloc-
ity can be estimated under conditions of isotonic loading 
by extrapolating the force/velocity relationship to zero 
load (Vmax). In isolated fibers, values for Vo approximate 
Vmax, but for muscles of mixed fiber type composition, Vo 
is faster than Vmax, reflecting the internal load imposed 
by cross-bridges cycling at different rates (Claflin and 
Faulkner, 1989; Sieck and Prakash, 1997b).

Power output can be calculated as the product of isot-
onic load and shortening velocity (van Balkom et al., 1997; 
Zhan et al., 1998). Maximum power is typically found at 
an isotonic load of ,33% of Fmax, and reflects fiber type 
differences in force generation and shortening velocity.

Effect of Hypothyroidism on Velocity of Shortening In isolated 
fibers from hypothyroid muscles, Vo is dramatically slowed 
across fiber types. Hypothyroidism results in a slower Vmax 
for the rat diaphragm muscle (Figure 111.6a) (Gosselin et al., 
1996; Herb et al., 1996) and hind-limb muscles (Caiozzo  
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Figure 111.5 Force. Isometric force generation was deter-
mined using rat diaphragm muscle strips (a) and isolated, type-
identified single fibers (b–c). Maximum force during isometric 
contractions was normalized for CSA to determine specific 
maximum force (Fmax). Fmax for diaphragm muscle strips (a), 
maximum force for type-identified, isolated fibers (b), and Fmax 
for isolated fibers (c). Based on MHC content per half-sarcomere 
and stiffness, the mean force per cross-bridge (fcb) was calcu-
lated (d). Hypothyroidism was induced in rats for 3 months (a) or 
3 weeks (b–d) prior to tissue extraction and in vitro evaluation. 
Hypothyroidism resulted in lower Fmax in both muscle bundles 
(a) and single fibers (c), and lower maximum force (b) for fibers 
expressing MHC2X and/or MHC2B. However, values for fcb did not 
decline with hypothyroidism (d). *Indicates statistically significant 
difference from control muscle strips (a) or control fibers express-
ing the same MHC isoform (b–d). Error bars are SEM.
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et al., 1992; Montgomery, 1992). Although reductions in 
Vmax could be attributed to changes in MHC isoform expres-
sion induced by hypothyroidism, the change in Vo across all 
fiber types suggests that hypothyroidism alters cross-bridge 
cycling rates across all fibers. Consistent with changes in force 
and Vmax induced by hypothyroidism, maximum power is 
also lower in rat diaphragm muscles (Figure 111.6b).

Cross-bridge cycling rates will vary depending on the 
spacing between thick and thin filaments. Using different 
osmotic pressures in permeabilized muscle fibers, the fast-
est Vo was found for fibers estimated to have a 20%–25% 
higher lattice spacing compared to the in vivo condition. 
In fact, Vo declined further with greater reduction in lat-
tice spacing beyond the in vivo condition (Metzger and 
Moss, 1987). As mentioned before, sarcomeric lattice 
spacing increased ,10% in hypothyroid fibers expressing 
MHC2X and/or MHC2B isoforms (Geiger et al., 2002). 
Thus, a change in lattice spacing does not contribute to 
the observed reduction in Vo.

Rates of Myosin Cross-Bridge Cycling The MHC 
is the site of ATP hydrolysis during cross-bridge cycling. 
Maximum ATP consumption rates vary across different 
MHC isoforms: MHCSlow  MHC2A  MHC2X  MH
C2B (Han et al., 2003; Sieck and Prakash, 1997b). Both 
MHC isoform expression and total MHC content are 
important determinants of the energetic requirements  
of a muscle during contraction (Sieck et al., 1995; Zhan 
et al., 1997). The state transition from force-generating to 
nonforce-generating for individual cross-bridges requires 
ATP hydrolysis (Huxley and Simmons, 1971). ATP con-
sumption rate (actomyosin ATPase activity) will, in turn, 
depend on the number of cross-bridges in parallel (MHC 

content per half-sarcomere), the number of half-sarcom-
eres in a fiber, the fraction of cross-bridges in the force-
generating state (fs) and the apparent rate of cross-bridge 
detachment (gapp). Accordingly, at a constant level of Ca2 
activation (constant fs) for a given fiber, actomyosin 
ATPase activity is directly proportional to gapp.

Cross-bridge cycling rates are also estimated from the 
rate constant for force redevelopment (kTR) following 
quick release from and restretch to optimal fiber length 
(Brenner and Eisenberg, 1986). The apparent rate of cross-
bridge attachment (fapp) can then be derived from the dif-
ference between kTR and gapp (Brenner, 1988). Consistent 
with reported fiber type differences in ATP consumption 
rate, the values for gapp, kTR and fapp also vary with the fol-
lowing rank order of MHCSlow  MHC2A  MHC2X 
and/or MHC2B (Han et al., 2001, 2003).

Effect of Hypothyroidism on Rates of Myosin Cross-Bridge 
Cycling Hypothyroidism slows ATP consumption rates 
across fiber types in the rat diaphragm muscle, consist-
ent with decreased ATP consumption observed in the 
muscle of hypothyroid patients during exercise (Wiles  
et al., 1979). Across fiber types, the hypothyroid-induced 
reduction in ATP consumption rate exceeds any decline 
in MHC content per half-sarcomere, implying that ATP 
consumption per cross-bridge and rates of cross-bridge 
cycling may be slower in hypothyroid fibers. Values for gapp 
were modestly lower only for fibers expressing MHCSlow. 
In contrast, values for kTR, and thus fapp, were markedly 
reduced across all fiber types. The slower fapp may be a key 
effect of hypothyroidism on the function of the contractile 
machinery of skeletal muscle. A slow fapp reflects the dra-
matically slower Vo and ATP consumption rate.

Metabolic Capacity Fatigue of muscle fibers during 
repetitive activation may be related to an imbalance between 
energy demands (as reflected by ATP consumption rate) 
and energy production. The rate of ATP consumption in 
muscle fibers dramatically increases during contractions, 
due to actomyosin ATPase activity during the cross-bridge 
cycle, as well as the activity of other ATPases including 
Na–K ion pumps and SERCA. Metabolic properties 
are used to classify muscle fibers as either oxidative or gly-
colytic. These differences across muscle fiber types gener-
ally correspond to the density of mitochondria, as well as to 
the activity of various oxidative and glycolytic enzymes. For 
example, type I and IIa muscle fibers exhibit greater mito-
chondrial density compared to type IIx and IIb fibers (Sieck 
et al., 1995, 1996a; Zhan et al., 1997). Phosphocreatine 
serves as a short-term energy reservoir in muscle fibers for 
rapid regeneration of ATP at the onset of contraction, but 
myoplasmic concentrations of phosphocreatine can provide 
enough energy for only a few muscle contractions (Taylor 
et al., 1992). Measurements of mitochondrial enzyme activ-
ity have been used to study different metabolic pathways 
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Figure111.6 Maximum velocity of shortening (Vmax) and power. 
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dles. Hypothyroidism was induced for 3 months in rats prior to tis-
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involved in ATP production. These mitochondrial enzymes 
include -glycerophosphate dehydrogenase for glycolytic 
metabolism, succinate dehydrogenase (SDH) activity for 
oxidative metabolism and -hydroxybutyrate dehydroge-
nase for ketone utilization. For instance, fibers expressing 
MHC2B have the highest ATP consumption rate, high-
est -glycerophosphate dehydrogenase activity and lowest 
SDH or -hydroxybutyrate dehydrogenase activities; fibers 
expressing MHCSlow have lower ATP consumption rate, 
lower -glycerophosphate dehydrogenase, higher SDH or 
-hydroxybutyrate dehydrogenase activity (Han et al., 2001, 
2003; Janssen et al., 1978; Johnson et al., 1983; Kubista  
et al., 1971; Lomax and Robertson, 1992; Sieck et al., 1995; 
van Hardeveld et al., 1976). Mean muscle fiber SDH activ-
ity inversely correlates with susceptibility to fatigue, and 
correlates to mean number of capillaries and mean capillary 
density surrounding the muscle fibers (Blanco et al., 1988; 
Enad et al., 1989; Sieck et al., 1986, 1987; Watchko and 
Sieck, 1993).

Effect of Hypothyroidism on Metabolic CapacityHypothy-
roidism reduces both energy demands and energy produc-
tion. Resting metabolism rate in rats is reduced, consistent 
with downregulation of uncoupling protein-3 mRNA and 
protein expression in hypothyroid hind-limb muscles (de 
Lange et al., 2001; Lanni et al., 1999). The hypothyroid-
induced reduction in ATP consumption (Herb et al., 1996) 
reflects the reduced actomyosin ATPase, Na–K ATPase 
and SERCA activities. The much lower ATP consumption 
would place much less of a demand on energy supply.

Hypothyroidism apparently increases mitochondrial 
density, although their ultrastructural morphology was 
abnormal, with increased cristae and reduced matrix 
(Gustafsson et al., 1965). The expression of mitochon-
drial enzymes is, however, reduced in hypothyroid mus-
cles (Janssen et al., 1978; van Hardeveld et al., 1976). In 
muscles of mixed fiber type composition, such as the dia-
phragm, hypothyroidism results in a relative increase in 
the fibers with lowest -glycerophosphate dehydrogenase 
activity (type I fibers), as well as a reduction in the -glyc-
erophosphate dehydrogenase content in other fiber types 
(Johnson et al., 1983). Consistent with an overall reduc-
tion in ATP production capacity, the concentration of 
phosphocreatine decreases much more rapidly during the 
first minute of exercise in hypothyroid muscles compared 
with control (Argov et al., 1988; Taylor et al., 1992). In 
addition, hypothyroidism lowered the activities of enzymes 
involved in glycolytic and oxidative metabolism, as well as 
those involved in ketone utilization (Baldwin et al., 1980; 
Dudley et al., 1987; Janssen et al., 1978; Lomax and 
Robertson, 1992; McAllister et al., 1991; van Hardeveld  
et al., 1976). Lower activity of the glycolytic metabolic path-
way was supported by the markedly reduced production 
of lactate accumulation, even in ischemic contraction 

 protocols designed to induce anaerobic glycolytic metabo-
lism (Dimitriadis et al., 2006; Dubaniewicz et al., 1989; 
Dudley et al., 1987; Gorecka et al., 2004). This lower 
glycolytic metabolism and lactate accumulation does not 
appear to result from inadequate glycogen in the myo-
plasm of hypothyroid muscles (Baldwin et al., 1980; 
Khaleeli et al., 1983; McDaniel et al., 1977).

Hypothyroidism may also impair substrate utilization. 
Hypothyroidism decreased the insulin-regulated rates of 
glucose uptake into muscle fibers, and glucose utilization 
within the muscle fiber to synthesize glycogen or metab-
olize in glycolysis (Dimitriadis et al., 2006; Dubaniewicz 
et al., 1989). Furthermore, mitochondrial function is 
impaired in hypothyroid muscles, manifested by a decrease 
in the maximal mitochondrial respiratory rate (Zoll et al., 
2001), reduced O2 consumption (Crespo-Armas et al., 
1992) and reduced muscle oxidative capacity (Baldwin  
et al., 1980; Dudley et al., 1987; McAllister et al., 1991).

Besides altering the balance between ATP generation 
and consumption, hypothyroidism may alter the avail-
ability of energetic substrates by changing the regulation 
of blood flow to the muscle. Consistent with the increased 
expression of type I fibers in hypothyroid muscles, the den-
sity of capillaries and the number of capillaries per fiber 
increases in rat hypothyroid muscles (McAllister et al., 
1991). However, hypothyroidism reduces the perfusion 
of exercising muscles, possibly by lowering cardiac output 
(Bausch and McAllister, 2003; McAllister et al., 1995). 
Reduced blood flow may contribute to decreased fatty acid 
metabolism in skeletal muscles, especially during exercise, 
leading to decreased fatty acid oxidation (Baldwin et al., 
1980) and increased free fatty acid levels in hypothyroid 
rats (Gorecka et al., 2004).

Fatigue Resistance Susceptibility (or resistance) to 
fatigue varies across motor unit types (Fournier and Sieck, 
1988; Sieck, 1988, 1991). Repeated activation of muscle 
fibers (using 40-Hz stimulation trains of 330-ms duration 
repeated every second for 2 min) results in varying degrees 
of fatigue which depend on motor unit type. Thus, a fatigue 
index (defined as the ratio of the force generated at the end 
of the test to the initial force) can be used to evaluate motor 
unit resistance to fatigue. Type S and type FR motor units 
exhibit almost no fatigue during this test (i.e., fatigue index 
.0.75); whereas type FInt motor units have fatigue indi-
ces between 0.25 and 0.75; and type FF motor units exhibit 
considerable fatigue (fatigue index 0.25).

Effect of Hypothyroidism on Fatigue Resistance Reports 
on how hypothyroidism affects fatigue resistance in skel-
etal muscles appear to contradict one another. There is 
reduced fatigue resistance in hypothyroid muscles tested 
in situ where muscle blood flow is unimpaired (Roy et al., 
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2003). In contrast, during in vitro tests that directly  
supply oxygen and glucose to the muscle, fatigue resistance 
increases (Khaleeli et al., 1983). Fatigue index increased 
with hypothyroidism (Figure 111.7a), indicating improved 
fatigue resistance of the diaphragm muscle when tested 
in vitro using repeated isometric or isotonic contrac-
tions (muscle load was kept at which maximum power is 
observed, ,33% of Fmax) (Kuei et al., 1990; van Balkom 
et al., 1997; Zhan et al., 1998). The time required for the 
muscle to lose its ability to shorten against the load was 
also measured (i.e., endurance time) during repeated con-
tractions, and hypothyroidism improved endurance time 
(Figure 111.7b).

Reasons for the discrepancies in fatigue resistance may 
stem from factors related to the nature of the experiment, 
including the in vitro or in vivo aspect of muscle perfusion, 
flow rate and blood/plasma contents (Schaafsma et al., 
2002; Vedsted et al., 2003). The hypothyroidism-induced 
reduction in cardiac output and blood perfusion during 
exercise (Bausch and McAllister, 2003; McAllister et al., 
1991, 1995) may limit the supply of oxygen and meta-
bolic substrates, and thus result in reduced fatigue resist-
ance when measured in vivo.

Mechanisms for Thyroid Hormone 
Effects on Motor Units

Thyroid hormone directly influences transcription factors 
for certain genes (Muscat et al., 1993; Yu et al., 1999; Zhang 
and Lazar, 2000). Thyroid hormone enters the cell from the 
circulation and binds to nuclear receptors, which then bind 
to specific thyroid hormone response elements involved 
in gene transcriptional regulation (Lazar and Chin, 1990; 
Shepard and Eberhardt, 1993). Indeed, with hypothy-
roidism there is reduced expression of thyroid receptors in 
skeletal muscle (Haddad et al., 1998; Schuler et al., 1999). 
Furthermore, there is reduced expression of muscle specific 
genes such as MyoD (Anderson et al., 1998), as well as those 
regulating MHC isoform (Baldwin and Haddad, 2001; 
Caiozzo et al., 1992; Canepari et al., 1998; Montgomery, 
1992) or the rate of protein synthesis (Katzeff et al., 1994). 
Accordingly, the hypothyroid-induced downregulation of 
SERCA isoforms has been determined to be at a pretransla-
tional level (Simonides et al., 2001).

Summary Points

l Iodine deficiency and other alterations in iodine metab-
olism can lead to hypothyroidism.

l Hypothyroidism results in clinical reports of muscle 
weakness and fatigue, and observations of enlarged mus-
cle bulk, slowed muscle relaxation, prolonged deep ten-
don reflexes and elevated serum creatine kinase levels.

l Hypothyroidism affects motoneurons:
-  Decreased diameter of soma and axons innervating 

type I muscle fibers, which would increase excitability 
and decrease conduction velocity.

l Hypothyroidism affects NMJs:
- Decreased size and complexity at type I and IIa mus-

cle fibers.
- Improved ability to maintain higher mean quantal 

release during repeated activation.
- Improved neuromuscular transmission.

l Hypothyroidism affects skeletal muscle fibers:
- The CSA of fibers expressing MHCSlow or MHC2A is 

maintained or increased, but that of fibers expressing 
MHC2X and/or MHC2B decreases.

- Expression of slower MHC isoforms increases, 
whereas that of faster MHC isoforms decreases.

- Decreased MHC concentration across all fiber types, 
and decrease in MHC content per half-sarcomere in 
fibers expressing MHC2X and/or MHC2B.

- Reduced expression of Na–K ATPase pumps in the 
muscle fiber membrane, and SERCA pumps for the 
reuptake of Ca2 back into the SR, possibly resulting 
in prolonged half relaxation time of twitch force.

- Lowered maximum specific force, reflecting the 
lower concentration of myosin cross-bridges (MHC  
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Figure 111.7 Fatigue resistance. Fatigue resistance was evalu-
ated in vitro during tetanic muscle contractions generated once 
each second during isometric contractions (muscle held at con-
stant length) (a), or isotonic shortening contractions (muscle pulling 
against a constant load) (b). During either test electrical stimula-
tion pulses (40 Hz trains – 330-ms duration – repeated each sec-
ond) were applied to rat diaphragm muscle strips via electrodes 
placed in the bath solution (van Balkom et al., 1997; Zhan et al., 
1998). The isometric test lasted 2 min, and a fatigue index (a) 
was calculated as the ratio of the force at the end of the test to 
the initial force. For the isotonic contractions, the load applied 
was equivalent to that determined to generate maximum power 
(33% of maximum isometric force). The endurance time (b) of the 
isotonic test lasted as long as the muscle was able to shorten 
against the load to a maximum duration of 500 s. Hypothyroidism 
was induced for 3 months in the rats prior to tissue extraction 
and in vitro evaluation. Hypothyroidism resulted in increased 
fatigue resistance as measured by both the isometric fatigue 
index (a) and isotonic endurance time (b). Error bars are SEM.
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concentration) although the mean force per cross-
bridge is unchanged.

- Slowed maximum velocity of shortening, rate of 
apparent cross-bridge attachment to actin filaments, 
rate constant for force redevelopment and rate of ATP 
consumption.

- Reduced energy utilization and availability during 
contractile activity.

- Decreased ATP consumption.
- Depletion of phosphocreatine, short-term energy 

reservoir.
- Reduced activity of glycolytic and oxidative metabolic 

pathways.
- Skeletal muscle blood flow limited by lower cardiac 

output.
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Abstract

The association of ocular abnormalities with thyroid disorders 
is well-known, wherein iodine plays an important role. 
Iodine deficiency and excess can both lead to abnormali-
ties of thyroid function. This chapter reviews the investi-
gative approach to ocular dysfunction in hypothyroidism. 
This includes nerve conduction studies, electromyography 
(EMG), visual evoked potentials, repetitive nerve stimula-
tion, single-fiber EMG, CT scan and MRI. The discussion 
covers eyelid disorders, intraocular abnormalities, oph-
thalmoplegia and miscellaneous aspects. Neuromuscular 
ocular dysfunction in hypothyroidism includes ptosis, 
ophthalmoplegia, myokymia, cranial nerve dysfunction 
and cosmetic changes. The current evidence on the devel-
opment of visual function in relation to thyroid hormones 
is presented. Controversial issues of glaucoma and visual 
function, in relation to thyroid status, are also elaborated.

Abbreviations

CT Computerized tomography
MRI Magnetic resonance imaging
EMG Electromyography
VEP Visual evoked potential
SFEMG Single-fiber electromyography
MCD Mean consecutive difference
RNS Repetitive nerve stimulation
NCS Nerve conduction study
TPO Thyroperoxidase
Tg Thyroglobulin
TSH Thyroid-stimulating hormone
POAG Primary open angle glaucoma

Introduction

The association of ocular signs with thyroid disorders 
involves multiple mechanisms. Eyelid abnormality is usually 

secondary to a muscular cause. Extraocular movement may 
be affected by mechanical, nerve and muscle dysfunction. 
In addition, intraocular changes involving the anterior 
chamber, lens and optic nerve are known to occur.

The effects of thyroid hormones on the nervous system 
can be both central and peripheral. Cerebral, cranial nerve, 
peripheral nerve, neuromuscular junction and muscles 
may be affected by thyroid status. Pathological changes are 
also known to occur within the eye.

Most ocular changes in thyroid disorders have been 
described in relation to hyperthyroidism. However, the 
progression from hyperthyroid to euthyroid and hypothy-
roid status is a common occurrence. For this review, we 
have chosen to focus on the less-recognized area of ocu-
lar aspects in hypothyroidism, taking the view that thyroid 
status may not remain unchanged for a particular patient.

Search Strategy

The authors performed a Pubmed search over the period 
1970–2006. The following keywords were included: 
“hypothyroidism,” “iodine,” “ocular,” “visual,” “ophthal-
moplegia,” “ptosis,” “myopathy,” and “eye.” The material 
selected was based on relevance and originality. Any extra 
information provided was based on the authors’ personal 
files and experience. Only articles in the English language 
were represented.

Iodine and Thyroid Disorders

Iodine is a trace element essential for the synthesis of thyroid 
hormones. Iodine deficiency is well-recognized as a cause 
of goiter, but the most serious consequence is cretinism. 
Apart from neurological and motor abnormalities, some 
of the ocular features of hypothyroidism described subse-
quently may occur.

Conversely, excess of iodine may result in thyrotoxicosis. 
It is increasingly recognized that radioiodine therapy for this 
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condition can lead to the progression of ophthalmopathy 
in Grave’s disease. Risk factors for development include 
pre-existing ophthalmopathy, smoking and persistent 
hyperthyroidism after therapy. The condition, however, 
may be prevented by concomitant administration of ster-
oids with radioiodine (Bartalena et al., 2004).

Thus, iodine, thyroid disorders, as well as ocular abnor-
malities, form a close clinical relationship.

Investigations in Thyroid Eye  
Disorders

Blood investigations

Comprehensive investigation into thyroid-associated eye 
disorders includes thyroid function and antibody panels. 
Acetylcholine receptor antibody titers and autoimmune 
screen are recommended if available. Muscle enzyme levels 
and serum lactate assays will be helpful in the diagnosis of 
myopathy.

Imaging

Computerized tomography (CT) or magnetic resonance 
imaging (MRI) scans of the brain and orbit will pro-
vide structural information, especially for patients with 
ophthalmoplegia.

A CT scan of the thorax to exclude underlying thymoma  
is relevant in myasthenia gravis.

Electromyography

Electromyography (EMG) involves evaluation of the elec-
trical activity of the muscle with the insertion of a con-
centric needle. The pattern of electrical signals provides 
information for the diagnosis of neuropathy or myopathy, 
its chronicity and localization (Figure 112.1).

Visual evoked potentials (VEP)

This investigation measures the latency of response to a 
visual stimulus, usually a light flash or a changing checker-
board pattern. It evaluates the conductive function of the 
anterior visual pathways, particularly the optic nerves.

Visual fields

This test, by computerized techniques, measures how 
much side vision a person has.

Single-fiber EMG (SFEMG)

SFEMG has the highest sensitivity in the clinical evalu-
ation of ocular myasthenia gravis (Padua et al., 2000). 
Stimulated SFEMG is best performed on the orbicularis 
oculi muscle of the affected, based on the principle of 
proximity to the affected muscle (Figure 112.2). A concen-
tric facial EMG needle is inserted at the edge of the muscle 
for single-fiber recordings. Axonal stimulation is achieved 
with a disposable monopolar needle placed 2.5 cm away 
from the recording needle and a silver chloride disc as 
an anode at the malar prominence, to produce visible 
twitches. Stimulation is performed with square pulses of 
0.04 ms duration at 10 Hz and intensity ranging from 8 to 
15 mA. Amplifier settings are at 500–10 kHz.

Stimulated single-fiber responses are then selected based 
on short rise times (300 s), clear separation from other 

0.1 mV/D 20 ms/D

Figure 112.1 EMG recording from the left orbicularis oculi 
showing five doublet discharges firing regularly and continuously 
in a hypothyroid patient with ptosis. Vertical gain and sweep 
speeds are indicated in the tracing.

Trig No No No

Skip No No No

Block

MCD

No No No

30 38 69

0.2 mV/D 1 ms/D

Figure 112.2 Stimulated SFEMG recordings of a patient inves-
tigated for ptosis obtained from the right orbicularis oculi muscle. 
Superimposed tracings are shown. Respective jitter values of 30, 
38 and 69 s (upper normal limit should be 30 s) suggest ocu-
lar myasthenia as an underlying etiology. Sweep speeds and verti-
cal gain are as shown in the tracings.
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discharges and stable waveform morphology. For each 
study, individual mean consecutive differences (MCD) of 
20 single-fiber responses will be averaged to obtain a final 
mean jitter value. Responses with MCDs less than 5 s 
are not included due to the likelihood of direct muscle fiber 
stimulation. MCD values, called “jitter,” provide a statistical 
evaluation of neuromuscular transmission in the muscle stud-
ied (Lo et al., 2004).

Repetitive nerve stimulation

Repetitive nerve stimulation (RNS) records sequential 
muscle twitches as a result of repeated stimulation of its 
nerve supply. The difference in size of the initial and fourth 
twitch reflects efficacy of neuromuscular transmission.

RNS (at 3 Hz with square-wave pulses 0.3 ms in dura-
tion) of the facial nerve to the orbicularis oculi and orbic-
ularis nasalis, accessory nerve to the trapezius, and median 
nerve to the abductor pollicis brevis muscles can be stud-
ied. Hand-held bipolar electrodes and adhesive surface 
electrodes are used for stimulation and recording, respec-
tively. Routine nerve conduction studies (NCS) of all four 
limbs, including the VII nerve, can also be performed.

Eyelid Disorders

Ocular abnormalities are frequent complications of thyroid 
disorders (Scott and Siatkowski, 1999). In particular, one 
is often required to exclude myasthenia gravis in patients 
with thyroid disease presenting with ptosis and ophthalmo-
plegia, as the two conditions are well-known to coexist.

The eyelid disorders may be related not only to neu-
romuscular transmission, as in myasthenia gravis, but also 
to intrinsic muscle weakness and cranial neuropathy.

Although neuromuscular conditions are known to be asso-
ciated with autoimmune thyroid diseases, EMG myokymia 
has not been described. We had previously reported two 
cases with hypothyroidism referred for diagnostic work-up of 
bilateral ptosis (Lo et al., 2003). Both patients were young 
females who were otherwise normal when examined physi-
cally, but had hypothyroidism on replacement of l-thyroxine. 
They presented with isolated bilateral ptosis. An axonal 
lesion involving the VII nerve was unlikely in the presence 
of normal EMG motor unit recruitment and the absence of 
active denervation changes. Normal NCS also helped rule 
out an underlying hypothyroidism-related polyneuropathy.

The first patient was a 40-year-old female who was 
diagnosed with Hashimoto’s thyroiditis 4 years ago when 
she experienced weight gain. Her anti-thyroperoxidase 
antibody (TPO) was markedly elevated at 1389.6 U/ml 
(range: 0–60), and her anti-thyroglobulin antibody (Tg) 
(17.5 U/ml: range: 0–60) and anti-TSH receptor antibody 
(TSHr) (1.8 IU/l: range 0–1.5) were both negative. She 
has been on l-thyroxine replacement of 175 g/day since 
the diagnosis. Although her body weight had stabilized, 

she was subclinically hypothyroid with a normal free T4 
level of 20.6 pmol/l and elevated TSH level of 7.93 mU/l. 
Over the last 2 years, she was noted by colleagues to have 
“smaller eyes” occasionally. She also noticed spontane-
ous episodes of eye closure or difficulty opening the eyes, 
affecting the left eye more than the right. These episodes 
lasted less than 30 s and recurred once or twice a day. 
She denied headache, orbital pain, diplopia, dysphagia, 
dysarthria, myalgia, weakness, cramps, or sensory symp-
toms. There was no family history of similar complaints. 
Clinical examination showed that she was alert and ori-
entated. Cranial nerve examination was unremarkable, 
and there was no obvious facial weakness. She was noted 
to have minimal ptosis, with the left slightly more than 
the right. Close examination did not reveal visible eyelid 
twitches. No definite fatigability was demonstrated. There 
were no tremors, fasciculations, or other ocular abnormali-
ties present. No bleparospasm or hemifacial spasm was 
evident. Examinations of the sensory, motor and cerebel-
lar systems were unremarkable. She had NCS and EMG 
of the limb musculature, which yielded normal results. 
RNS and SFEMG of the orbicularis oculi did not give evi-
dence of neuromuscular transmission defect. Acetylcholine 
receptor and antiskeletal antibody levels were not elevated. 
Needle EMG showed continuous rhythmic grouped motor 
potentials firing at 10–15 Hz in the left and right orbicu-
laris oculi muscles only. Complex repetitive discharges and 
myotonia were absent. Motor unit recruitment pattern was 
normal, and there was no evidence of active denervation 
(fibrillations, positive sharp waves).

The second patient was a 27-year-old female who 
experienced tiredness and menstrual irregularities over 
a 6-month period. She was diagnosed to have primary 
hypothyroidism when initial blood tests showed reduced 
T4 and markedly elevated TSH levels with high titer of 
anti-TSHr(40 IU/l; range: 0–1.5), elevated anti-Tg 
(1384.5 U/ml) and anti-TPO antibodies (3000 U/ml). 
She was started on l-thyroxine replacement, and her 
T4 and TSH levels gradually returned to normal over a  
5-month period (free T4: 21.3 pmol/l; TSH: 1.92 mU/l). 
Over the last 3 months of treatment, she experienced “dif-
ficulty in opening” her eyes, but denied diplopia, dysar-
thria, or myalgia. She noted that her eyes were generally 
smaller but could be worse intermittently. Her “tiredness” 
improved gradually with medical treatment. She denied 
experiencing cramps, numbness, headache, or muscle 
twitching. There was no family history of similar medical 
conditions. On examination, she was alert and orientated, 
and followed commands appropriately. External ocular 
movements were full in all directions. Mild, bilateral and 
symmetrical ptosis was evident with no evidence of fati-
gability. There was no lid lag, proptosis, chemosis, hand 
tremors, or fasciculations. No bleparospasm or hemifacial 
spasm was noted. The rest of the neurological assessment 
was unremarkable. NCS and EMG did not show neuropathic 
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or myopathic changes (Green, 1977). RNS and SFEMG 
findings of the orbicularis oculi were within normal limits. 
Needle EMG of both orbicularis oculi muscles revealed 
grouped motor potentials firing at 15–30 Hz continuously. 
This was not seen in the orbicularis oris. Active denerva-
tion changes and myotonia were not detected. Motor unit 
recruitment was normal. Rheumatoid factor, anti-nuclear, 
anti-double-stranded antibodies assays were within normal 
limits, as were serum calcium, phosphate and parathyroid 
hormone levels.

In autoimmune thyroid diseases, commonly reported 
eye disorders range from lid lag, retraction and proptosis, 
to chemosis and ophthalmoplegia (Scott and Siatkowski, 
1999). The presence of ptosis necessitates the exclusion of 
underlying ocular myasthenia. SFEMG is well-recognized 
as the most sensitive test for a neuromuscular transmis-
sion defect (Padua et al., 2000; Sonoo et al., 2001). In the 
absence of SFEMG abnormalities, other causes of ptosis 
should be considered. The absence of pupillary involve-
ment and ophthalmoplegia reduces the likelihood of an 
underlying cranial neuropathy. There was no concomitant 
miosis to suggest Horner’s syndrome. The absence of clini-
cal myopathy or proximal weakness renders the diagnosis 
of congenital myopathy unlikely. Neither of the patients 
were users of contact lenses, which can be a rare cause of 
ptosis from levator disinsertion (Epsiein and Putterman, 
1981; Van den Bosch and Lemij, 1992).

Myokymia is a manifestation of peripheral nerve dis-
ease and is classified as “excess motor unit activity” 
(Auger, 1994). Myokymia may occur in acquired neuro-
myotonia or Isaac’s syndrome (Isaacs, 1961), or as focal 
myokymia secondary to radiation injury (Harper et al., 
1989), intrinsic brainstem lesions and multiple sclerosis. 
Limb myokymia has also been described in association 
with chronic inflammatory demyelinating polyneuropathy 
(Pareyson et al., 1989), Guillain–Barre syndrome (Vasilescu 
et al., 1984) and multifocal motor neuropathy (O’Leary  
et al., 1997). The EMG picture consists of rhythmic  
or semi-rhythmic bursts of grouped motor unit potentials 
firing at a uniform rate of 2–60 Hz, usually with 2–10 
units within a burst (Daube et al., 1979). This has been 
described as the sound of “marching troops approach-
ing.” The abnormal discharges seen in these patients were  
consistent with this description. In our patients, it is  
likely that these continuous discharges resulted in persist-
ent ptosis resulting from contraction of the orbicularis oculi 
muscle.

Nervous system dysfunction beyond neuro-ophthalmolog-
ical aspects is common in hypothyroidism. Electrophysiological 
abnormalities reported include sensorimotor axonal polyneu-
ropathy, carpal tunnel syndrome and myopathy (Neeck  
et al., 1990; Palumbo et al., 2000; Duyff et al., 2000). Sural 
nerve biopsies have previously showed reduction of myeli-
nated fibers and degenerative changes in axons of all fiber 
classes with incomplete regeneration (Meier and Bischoff, 

1977). Segmental demyelination and onion bulb for-
mation have also been reported. Peronius muscle biopsy 
revealed neuropathic and myopathic changes (Shirabe  
et al., 1975). Central nervous system changes, including  
VEP (Salvi et al., 1997), brainstem auditory evoked 
potential, P300, and electroencephalographic abnormali-
ties (Khedr et al., 2000) may be present. Somatosensory-
evoked response abnormalities may return to normal 
after thyroxine replacement (Lai et al., 1997). Similarly, 
myalgia, proximal weakness and neuropathy have been 
shown to improve with l-thyroxine replacement (Torres 
and Moxley, 1990; Rodolico et al., 1998). All these fea-
tures were absent in our two patients. Moreover, thyrox-
ine replacement was started with normalization of thyroid 
hormone levels. Thus, myokymia cannot be attributed 
solely to biochemical hypothyroidism.

The underlying mechanism in the pathogenesis of 
this EMG phenomenon in hypothyroid patients remains 
uncertain. An autoimmune basis due to antibody inter-
ference with the function of potassium channels, leading 
to increased nerve terminal excitability, is a documented 
cause of myokymia (Sinha et al., 1991; Newsom-Davis 
and Mills, 1993). While the mechanism of peripheral neu-
ropathy in hypothyroidism is not well-understood, one 
possible mechanism of myokymia may involve ephaptic 
transmission in regenerating nerve sprouts, akin to “eddy 
currents.” Multiple grouped discharges on demyelinated 
axon terminals with persistent conduction blocks lead to 
myokymia detected on EMG and manifested clinically as 
ptosis (Roth et al., 1988; Gutmann, 1996). The lack of 
active denervation changes seen in axon loss lesions sup-
ports the presence of underlying demyelination in these 
two patients. This cannot be verified without performing a 
biopsy, especially of the VII nerve branches.

The stiff-man syndrome, a disease with excess motor 
unit activity, is also associated with autoimmune diseases 
and thyroid disorders (Layzer, 1988). Indeed, despite the 
heterogeneity of conditions manifesting excessive motor 
activity, terminal axon sprouting has been demonstrated in 
muscle biopsies (Oda et al., 1989). Despite elevated thyroid 
antibody titers in the two patients, there are no reports on 
the presence of TSHr, Tg, or TPO in the peripheral nerves, 
neuromuscular junction, or striated muscles. Hence, the 
role these antibodies play in the generation of neuromuscu-
lar manifestations still needs to be elucidated.

In summary, although neuromuscular complications are 
well-recognized in thyroid disorders, their pathophysiology 
remains unclear. In these two patients focal demyelination 
involving isolated terminal branches to the orbicularis 
oculi may play a role in the generation of myokymic dis-
charges. An additional cause might be the presence of an 
extremely limited form of neuromyotonia, a disease with 
generalized peripheral nerve hyperexcitability. It would, 
however, be highly unusual, as these conditions usually 
have generalized features (Hart et al., 2002).
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Visual Function

The thyroid hormone has wide-ranging effects on metab-
olism; therefore, it is not surprising that a deficiency can 
result in subtle but well-reported effects on vision, with 
severe defects particularly in congenitally hypothyroid 
patients. Early replacement of thyroid hormone can go 
some way towards ameliorating these defects, but delays in 
diagnosis and treatment can result in permanent deficits. 
Adult hypothyroid patients, on the other hand, do not suf-
fer from such severe problems, but the deficiency of thy-
roxine can still induce cosmetic changes. There are some 
data suggesting that aqueous dynamics can be affected by 
hypothyroidism, with a possible linkage to glaucoma.

Congenital hypothyroidism and  
hypothyroidism in utero

In the developing nervous system in utero and in the criti-
cal neonatal period, normal brain maturation requires 
appropriate levels of thyroxine. In a Wistar rat model of 
congenital hypothyroidism in which pregnant rats were ren-
dered hypothyroid by the administration of propylthiouracil 
(Navegantes et al., 1996), retinal ganglion cell density in the 
progeny was shown to be reduced significantly. Although 
a similar study cannot be carried out in human patients, 
Mirabella and colleagues have shown that spatial frequency 
sweep visual evoked potential (sVEP) responses, obtained 
in congenitally hypothroid infants and infants born to 
hypothyroid mothers, demonstrated reduced contrast sensi-
tivity, when compared with normal full-term and preterm 
infants, although visual acuity was not found to be affected 
(Mirabella et al., 2005). Sweep VEP (Ridder, 2004) is a 
technique to determine visual acuity and contrast sensitivity 
rapidly in children or nonresponsive patients, and has been 

shown to be both reproducible and reliable. In the study, the 
reduction in contrast sensitivity was more severe with higher 
maternal thyroid-stimulating hormone (TSH) levels in 
infants born to hypothyroid mothers, and those with higher 
TSH levels at birth in the congenitally hypothyroid group. 
Unfortunately, longitudinal information was not provided. 
In a different study conducted on 3- to 8-week-old infants 
who had delayed diagnosis, VEP responses obtained prior to 
the treatment showed an immature pattern with abnormal 
delay (Norcross-Nechay et al., 1989), whereas several older 
children who had already been treated for a number of years 
had normal findings.

However, subtle visual deficiencies may persist up to 
adolescence and beyond, despite early treatment. In a pro-
spectively followed cohort of congenitally hypothyroid 
infants detected by neonatal screening and treated appro-
priately (Rovet, 1999), neuropsychological testing was able 
to identify defects in visuospatial processing. Obviously, 
in patients with congenital hypothyroidism prior to the 
modern age of mass TSH screening, treatment could not 
be started at birth, resulting in much higher rates of vis-
ual dysfunction. In a cohort of 30 such patients, despite 
the commencement of treatment between 4 weeks and 
2 years of age, very high rates of nystagmus (10%) and 
squint (53%) were found (Macfaul et al., 1978). For obvi-
ous ethical reasons, there are no reports of congenitally 
hypothyroid patients who have been left untreated, but it 
is reasonable to extrapolate that such patients would likely 
suffer from even worse deficits.

Adult hypothyroidism

In contrast, these problems do not arise in adult patients. 
Instead, adult hypothyroid patients suffer from a different 

Table 112.1 Visual electrophysiological studies in hypothyroid patients

Author/year
Number of  
patients Technique Findings Normalization after treatment

Ladenson et al., (1984) 19 PVEP 9/19 had delayed latency No change after 1 week,  
 8/9 normalized after 12–24 
 weeks

Holder and Condon (1989) 10 PVEP 1/10 had delayed latency Yes
Holder and Condon (1989) 8 PERG 8/8 had delayed latency,  

 decreased amplitude
Yes, all patients

Huang et al., (1989) 16 PVEP Delayed latency, reduced  
 amplitude

Not reported

Avramides et al., (1992) 15 PVEP 7/14 had delayed latency Yes in 4/7 patients
Misra et al., (1996) 28 PVEP Delayed latency, reduced  

 amplitude
Not reported

Tamburini et al., (1998) 9 PVEP 3/9 had delayed latency,  
 7/9 had reduced amplitude

Latency improved, no  
 change in amplitude

Khedr et al., (2000) 23 PVEP Delayed latency Not reported
Nazliel et al., (2002) 48 PVEP 6/48 had delayed latency Not reported

Note: PVEP, pattern visual evoked potential; PERG, pattern electroretinography.
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Table 112.2 Summary of ocular abnormalities in 
hypothyroidism

Location Abnormality

Eyelid Ptosis (myopathy)
Ptosis (myokymia)

Visual system Abnormal VEP
Abnormal visuospatial  
 processing

Intraocular Primary open angle glaucoma
Extraocular movements Cranial neuropathy
Others Puffiness

Loss of eyebrows
Blepharitis
Dry eyes
Photophobia
Cataract
Corneal changes
Iritis

Table 112.3 Iodine status and thyroid disorders

Iodine status Thyroid disorder Clinical features

Excess Thyrotoxicosis Graves’ 
ophthalmopathy

Radioiodine 
administration

Progression of  
ophthalmopathy

Deficiency Endemic goiter Goiter
Cretinism Mental retardation,  

 neurological 
dysfunction, 
ocular features of 
hypothyroidism

Figure 112.3. Retinal photograph of a patient with primary 
open angle glaucoma, showing enlarged cup-disc ratios bilater-
ally. The top picture shows the left eye.

set of problems. The most obvious of these involve the 
commonly described classic facies of myxedema, with 
puffy eyelids and loss of eyebrows. However, symptoms of 
blepharitis such as dry eyes, irritation, photophobia, gritty 
sensations and so on, are not uncommon, and this can, on 
occasion, be so severe as to cause corneal pathology such as 
a punctate keratopathy (Mahto, 1972).

Other than the above structural abnormalities, a defi-
ciency of thyroxine causes abnormal functioning of the 
central nervous system. In common with the more well-
known changes of slow mentation, apathy, or myxedema 
coma as an extreme example, the visual pathway is not 
spared. VEP in adult patients have shown prolongation of 
the P100 latency component in many studies (Ladenson 
et al., 1984; Misra et al., 1996; Huang et al., 1989; Nazliel 
et al., 2002) (please see Table 112.1). Although the clini-
cal correlation of this electrophysiological finding, if any, is 
still debatable, the fact remains that this easily reproducible 
abnormality has been reported to be found commonly in 
many different patient samples. Fortunately, after replace-
ment therapy with thyroxine there is normalization (Tables 

112.2 and 112.3).

Glaucoma

More interesting is a somewhat speculative link between 
thyroxine and primary open angle glaucoma (POAG). 
POAG, the commonest of the different types of glaucoma, 
is an idiopathic condition in which elevated intraocu-
lar pressures, over time, lead to progressively more severe 
optic nerve damage, consequent visual-field loss and ulti-
mately blindness. It is diagnosed clinically, based on the 
triad of ocular hypertension, a characteristic appearance of 
the optic nerve head (“cupping”) (Figure 112.3) and visual 
field changes. POAG almost always involves both eyes, 
although some asymmetric involvement can occur. In 

contrast to acute angle closure glaucoma, POAG is almost 
always painless. There is a necessity for awareness and diag-
nosis through screening programs before sight loss occurs. 
Early diagnosis and proper treatment with eye drops or 
surgery can reduce intraocular pressure and prevent blind-
ness. However, because intraocular pressure undergoes diur-
nal variation, and normal values are based on population 
studies, a subset of patients with so-called normal-tension 
glaucoma (NTG) can have characteristic optic disc appear-
ance and progressive visual loss, despite apparently normal 
intraocular pressures measured at repeated clinic visits.



Ocular Aspects of Hypothyroidism 1109

Because the ultimate cause of POAG is still not well-
understood, there is great interest in this research area. A 
metabolic cause has been suggested, although it has not 
been proven conclusively. A possible association between 
hypothyroidism and glaucoma was first reported by Smith 
et al. (1992a) in a 62-year-old woman from Canada  
who had poorly-controlled glaucoma. Interestingly, 
after the patient was diagnosed with hypothyroidism 
and had thyroxine replacement for a year, the glaucoma 
resolved, eye drops could be stopped, and her visual fields 
normalized.

There are plausible pathophysiologica mechanisms for 
this. Intraocular pressure depends on a balance between 
aqueous production and absorption, and the majority of 
anti-glaucoma drugs reduce intraocular pressure by decreas-
ing aqueous production in the ciliary body. In contrast, in 
hypothyroidism, aqueous outflow and absorption have 
been shown to be diminished. In a study of 25 consecutive, 
newly-diagnosed hypothyroid patients, the same authors 
(Smith et al., 1992b) documented a statistically signifi-
cant reduction in aqueous outflow using tonography and 
tonometry, with improvement after thyroxine replacement. 
Although this could be a functional effect due to reduced 
ocular blood flow, other authors (McDaniel and Besada, 
1996) have suggested that an accumulation of hyaluronic 
acid within the trabecular meshwork may cause the same 
effect by physically increasing outflow resistance. In another 
study, 60 hypothyroid patients were prospectively screened 
for glaucoma, with three receiving the diagnosis of POAG 
(5%) (Tahat and al-Khawaldeh, 2006).

However, other studies of hypothyroid patients report a 
lack of such an association. In 100 hypothyroid patients, 
none had glaucoma, there was no correlation between 
intraocular pressure and TSH or free T4 levels, and there 
was no change of intraocular pressure with thyroxine 
replacement (Karadimas et al., 2001).

Approaching the problem from the other end has not 
settled the issue, with thyroid function screening in POAG 
patients giving variable rates of hypothyroidism. Several 
studies have found an association between hypothyroidism 
and POAG. In 64 Canadian patients with POAG, Smith 
reported that 12.5% had already been diagnosed to be 
hypothyroid, while after investigation, another 10.9% 
became newly-diagnosed, as compared to 4.7% of con-
trols (Smith et al., 1993). Similarly, a retrospective case-
control study at the Veterans Affairs Medical Center in 
Birmingham, Alabama (Girkin et al., 2004) compared 590 
male glaucoma patients with 5897 age-matched controls. 
After adjusting for diabetes, lipid metabolism disorders, 
hypertension, cardiovascular disease, cerebrovascular dis-
ease, arterial disease and migraine, a significant associa-
tion between hypothyroidism and glaucoma was found 
with an odds ratio of 1.40 (95% confidence interval (CI):  
1.01–1.97). More convincing evidence from the Blue 
Mountains Eye Study, a population-based epidemiological 

screening study with 3654 subjects, of whom 108 were diag-
nosed with glaucoma a history of hypothyroidism was also 
suggested, as indicated by current thyroxine use (6.8% vs. 
2.8%, multivariate odds ratio (OR): 2.1; 95% CI 1.0–4.4) 
or past thyroid surgery (6.5% vs. 2.8%, multivariate OR 2.5; 
95% CI 1.0–6.2), raised the risk of POAG (Lee et al., 2004). 
Similarly, in the Canadian Glaucoma Study Group (CGSG I, 
 2006), a prospective longitudinal study of 258 glaucoma 
patients, although there was no control group, a startlingly 
high percentage (9%) of patients had thyroid disease.

On the other hand, other studies have been unable to 
substantiate such an association. In Birmingham, 100 
POAG patients were investigated for hypothyroidism 
(Gillow et al., 1997), with a 4% prevalence rate that was 
reported by the authors as consistent with the local prev-
alence. In another study with 75 POAG patients and 75 
controls, thyroid function tests showed that two POAG 
patients (2.67%) and three controls (4%) were hypothy-
roid (Munoz-Negrete et al., 2000).

Ophthalmoplegia

Like ptosis and eyelid disorders, abnormal ocular movements 
in thyroid-associated eye diseases may be consequential to 
abnormalities at different levels of the nervous system. Apart 
from myasthenia gravis described under eyelid disorders,  
the association of exophthalmos with ophthalmoplegia in 
hypothyroidism has been described. Elevated titers of thy-
roid antibodies suggest a possible role of autoimmunity 
(Brownlie et al., 1975), but concurrent mechanical factors 
related to exophthalmos cannot be entirely excluded. Hence, 
the neurological level of involvement remains uncertain.

The association of mitochondrial myopathy, chronic 
progressive external ophthalmoplegia and hypothyroidism 
has been reported in a case report (Doriguzzi et al., 1989).

Apart from a single case report of III cranial nerve 
palsy attributed to hypothyroidism (Narberhaus et al., 
1992), there has not been any other report of ophthal-
moplegia directly attributable to a neurogenic cause in 
hypothyroidism.

Other Aspects

Rapid loss of temporal eyebrow and eyelashes, and ocu-
lar puffiness have been recognized as early clinical signs of 
hypothyroidism since the nineteenth century. Eyelid puffi-
ness may be related to deposition of myxedematous tissue 
in the eyelid. Cataracts, corneal changes (edema, keratic 
precipitates, opacities) and iritis have also been described 
(see Mahto, 1972 for actual case descriptions).

Conclusion

Taken together, these studies affirm the hypothesis that 
thyroxine, both in utero as well as in the neonatal period, 
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is crucial for proper maturation of the visual system, with 
effects at many levels. Animal studies show clear evidence 
of structural abnormalities, such as reduction in retinal 
ganglion cell density. Studies on infants and neonates 
demonstrate electrophysiological abnormalities. Although 
the abnormalities shown in this early age group may be 
the result of functional rather than structural changes 
and may normalize with treatment, there is also likely to 
be some structural deficit. This is shown to be the case 
in older children and adolescents who have been treated 
at birth, but who still exhibit residual subtle deficiencies 
in visuospatial processing. Further delay in diagnosis and 
treatment results in additional damage and increased per-
manent morbidity. Adult patients do not suffer from such 
problems, but the cosmetic effect of the classic myxedema 
facies is undeniable, and dry eyes may lead to corneal epi-
thelial defects. Apart from these irreversible structural 
defects, deficiency in thyroid hormone can also cause func-
tional changes, easily documented using VEPs to show a 
prolongation of P100 latency. Finally, a link between glau-
coma and hypothyroidism has also been proposed, but this 
issue is still debatable and somewhat controversial.

Summary Points

l Hypothyroidism is known to be associated with neuro-
logical manifestations.

l Iodine, thyroid disorders, and consequently ocular dys-
function, form a close clinical relationship.

l Ocular abnormalities may be localized to the eyelids, 
optic pathway, extraocular muscles, intraocular struc-
tures, or other sites.

l The cerebral nerve, cranial nerve, peripheral nerve, 
neuromuscular junction and muscles may be affected 
by thyroid status.

l The association of POAG and hypothyroidism is 
controversial.

l As the pathophysiology of ocular abnormalities in 
hypothyroidism is poorly understood, further research 
is justified.
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Abstract

The prevalence of hypothyroidism during pregnancy is 
estimated to be 0.3–0.5% for overt hypothyroidism (OH) 
and 2–3% for subclinical hypothyroidism (SCH). The 
most important cause of maternal hypothyroidism is iodine 
deficiency, known to affect over 1.2 billion individuals in 
the world. If iodine nutrition status is adequate, chronic 
autoimmune thyroiditis is considered as the main cause 
of hypothyroidism. Several symptoms and signs may raise 
clinical suspicions, but only thyroid function tests can con-
firm the diagnosis. Serum TSH elevation suggests primary 
hypothyroidism and serum free T4 levels define whether 
one is dealing with SCH or OH, depending on whether free 
T4 is normal or below normal for gestational age. Although 
there are still controversies regarding the upper cut-off limit, 
serum TSH levels above 2.3 mIU/l (first trimester) and 
3 mIU/l later during pregnancy may be indicative of SCH. 
Concerning serum free T4 concentrations, each labora-
tory should establish trimester-specific reference ranges for 
pregnant women to interpret the results adequately. Once 
the diagnosis has been made, treatment should be initiated 
as soon as possible, for untreated or inadequately treated 
OH and, less frequently, SCH may aggravate important 
maternal-placental alterations (increased risk of miscar-
riage, anemia, gestational hypertension, placental abruption 
and postpartum hemorrhages) and fetal/neonatal ones (pre-
mature birth, low birth weight, congenital malformations, 
neonatal respiratory distress, fetal and perinatal death). 
Hypothyroid pregnant women require larger thyroxine 
replacement doses than do nonpregnant patients (approxi-
mately 2–2.4 g/kg/day for OH). Women already receiv-
ing thyroxine before conception usually need to increase 
their daily dosage by, on average, 25–50% above the pre-
conception dosage, as early as 4–6 weeks gestation. Once 
the thyroid function tests have been normalized by treat-
ment, they should be monitored every 6–8 weeks. If these 
tests remain abnormal, thyroxine dosage should be adjusted 
and tests should be repeated after 30 days and so on until 
normalization. An adequate treatment of hypothyroidism 

during gestation minimizes risks and, in general, makes it 
possible for pregnancies to be carried to term without com-
plications. After parturition, most patients need to decrease 
thyroxine dosage received during pregnancy. Because of the 
risk of developing postpartum dysfunction in women with 
autoimmune thyroiditis, it is very important to continue 
monitoring thyroid function tests for at least 6 months after 
delivery.

Abbreviations

FT4 Free thyroxine
131I 131 Radioiodine
L-T4 Levothyroxine
OH Overt hypothyroidism
SCH Subclinical hypothyroidism
T4 Thyroxine
TBG Thyroxine-binding globulin
TFTs Thyroid function tests
TgAb Antithyroglobulin antibody
TPOAb Antiperoxidase antibody
TSBAb TSH receptor inhibiting antibodies
TSH Thyrotropin

Introduction

The prevalence of subclinical hypothyroidism (SCH), 
defined as serum thyrotropin (TSH) concentration above 
the upper limit of the reference range with normal free 
thyroxine (FT4), in women of child-bearing age may be as 
high as 5% (Canaris et al., 2000; Hollowell et al., 2002). Of 
these, approximately 2–5% per year will progress to overt 
hypothyroidism (OH), defined as low serum FT4 with 
elevated serum TSH concentration. When iodine nutrition 
status is adequate, the most frequent cause of hypothyrod; is 
thyroid autoimmunity (Hashimoto’s thyroiditis) and, in this 
respect, if we take into account women with thyroid autoim-
munity and normal thyroid function who could become 
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hypothyroid in the future, the prevalence increases further 
by two- or three-fold. When such women become pregnant, 
nondiagnosed and/or inadequately treated hypothyroidism 
during gestation may cause important maternal–fetal  
complications. The other main cause of maternal hypothy-
roidism is iodine deficiency, which is still prevalent today 
in many areas of the world. In these conditions, the risk of 
abnormal development of the progeny is further enhanced,  
because both mothers and offspring are exposed to iodine 
deficiency not only during the entire gestation, but also  
during the postnatal period.

The aim of this chapter is to provide the necessary 
elements for adequate management of hypothyroidism 
(before and) during pregnancy, not only in those aspects 
where consensus exists, but also in those others where 
opinions are controversial.

Hypothyroidism and Pregnancy

Epidemiology

The prevalence of hypothyroidism during pregnancy has 
been reported in few studies. In one retrospective study in 
the US (Klein et al., 1991), 2000 pregnant women were 
screened between 15 and 18 weeks of gestation: 2.5% of 
them had serum TSH levels over 6 mIU/l. In six of these 
patients, serum FT4 was low, giving a prevalence of OH of 
0.3%. Another study in the US, but this one prospective 
(Allan et al., 2000), analyzed 9471 women, in whom TSH 
was measured during the second trimester, and hypothy-
roidism as elected in 2.2%, a percentage similar to that 
found in the previous study.

In Belgium, an area of borderline iodine sufficiency, 
a prospective study of 1660 apparently healthy preg-
nant women similarly showed that 2.2% of them had 
elevated serum TSH concentration during early gestation 
(Glinoer et al., 1994). In Japan, a study of over 70000 
women reported an increased TSH in only 0.14%, but 
the gestational age at screening was not provided (Fukushi  
et al., 1999). Previously, in another Japanese study, 9453 
pregnant women were screened during the first trimester 
of pregnancy, and in 18 patients (0.19%) an elevated TSH 
was detected. However, in 12 of them the hypothyroidism 
was transient and serum TSH levels returned to normal at 
an average of 17.9 weeks of gestation. All of these patients 
had positive titers for antithyroid antibodies (Kamijo et al., 
1990).

In short, based on the studies mentioned in America and 
Europe, the prevalence of hypothyroidism in pregnancy can 
be estimated to represent 0.3–0.5% for OH and 2–3% for 
SCH, while in the East the prevalence seems to be lower.

Etiology

When iodine nutrition status is adequate, the main cause of 
hypothyroidism during pregnancy is autoimmune thyroiditis  

(Hashimoto’s thyroiditis). The prevalence of antiperoxi-
dase antibody (TPOAb) in asymptomatic pregnant women 
ranges between 6% and 19.6% (Stagnaro-Green et al., 1990; 
Glinoer et al., 1991), while it rises to 50% in women with 
type 1 diabetes (Jovanovic-Peterson and Peterson,1988).

Even though TPOAb and antithyroglobulin antibody 
(TgAb) cross the placenta and are detected in blood from 
the umbilical cord, these would not exert cytotoxic action 
on the fetal thyroid.

Several works have demonstrated that the finding of thy-
roid autoantibodies is more frequent in pregnant women 
with elevated serum TSH (40–58%) (Klein et al., 1991; 
Glinoer et al., 1994) than in euthyroid pregnant women 
(11%) (Klein et al., 1991). More recently, autoimmune thy-
roiditis was detected in 55% of pregnant women with SCH 
and in more than 80% with OH (Allan et al., 2000).

In China, a recent study in normal pregnant women 
detected a high percentage of antithyroid antibodies dur-
ing pregnancy: 47% in the first, 39% in the second and 
16% in the third trimester. However, when the cut-off was 
modified, only 3.9% of the women had thyroid antibodies 
(Panesar et al., 2006). Another autoimmune cause able to 
provoke hypothyroidism is due to TSH receptor inhibit-
ing antibodies (TSBAb), but unlike Hashimoto’s thyroidi-
tis, it is very rare (Arikawa et al., 1995). TSBAb cross the 
placenta and can cause fetal and neonatal hypothyroidism 
with an incidence estimated at 1/180000 newborns 
(Brown et al., 1996).

Besides the already mentioned causes, others can origi-
nate hypothyroidism: therapies used for the treatment of 
hyperthyroidism [131 radioiodine (131I) doses or surgery]; 
surgical procedures for the treatment of thyroid tumors 
and transient hypothyroidisms such as those of autoim-
mune origin; sporadic or postpartum viral subacute thy-
roiditis or iodine overload. A hypothalamic-hypophyseal 
origin of hypothyroidism is rare, and can include lym-
phocytic hypophysitis occurring during pregnancy or  
postpartum (Caturegli et al., 2005).

It is important to remember, however, that on a world-
wide basis, the most important cause of maternal thyroid 
deficiency remains iodine deficiency, known to affect over 
1.2 billion individuals.

The causes of maternal hypothyroidism are shown in 
Figure 113.1.

Diagnosis

Clinical Features Several symptoms and signs of 
hypothyroidism may be mistaken with those presented by 
a euthyroid pregnant woman (asthenia, weight increase, 
drowsiness, constipation, etc.), although others may 
make the diagnosis doubtful (bradycardia, sensitivity 
to cold, dry skin) (Abalovich et al., 2006). In contrast, 
70–80% of women with OH, and almost all SCH carri-
ers, may remain asymptomatic. Thus, particular attention  
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is required from obstetrical care providers to diagnose 
this condition and to evaluate the thyroid function more  
systematically when women attend the prenatal clinic for 
the first time. Only thyroid function test determination  
confirms the diagnosis.

Biochemical Features A serum TSH elevation suggests 
primary hypothyroidism. A measurement of serum thy-
roxine (T4) (classically FT4) permits the classification of 
patients according to the severity of thyroid hypofunction: 
OH when FT4 is below normal or SCH when it is normal 

for gestational age. Determination of thyroid autoantibod-
ies (especially TPOAb or TgAb ultrasensitive in several 
cases) confirms the autoimmune origin of the disorder.

Serum TSH Concentration The definition of the cut-off 
value for elevated TSH is a controversial issue actually 
being revised (Dickey et al., 2005; Brabant et al., 2006). 
We have already shown that TSH levels vary through preg-
nancy; thus, by using the classical reference range for serum 
TSH that considers 4.0 mIU/l as the upper limit, several 
women with a slight TSH elevation could be misdiagnosed 
as “normal.” Regarding this, a recently published nomo-
gram for serum TSH changes during pregnancy (Dashe  
et al., 2005) shows that a 28% of women with TSH higher 
than 2 standard deviations above the mean (considered as 
SCH by the authors) would not have been identified by 
using the nonpregnant serum TSH range. This is why sev-
eral authors have put forward “trimester-specific” reference 
ranges for TSH during pregnancy (Panesar et al., 2001; 
Baloch et al., 2003). Figure 113.2 shows a study performed 
in China, in which the upper limit of normality for serum 
TSH was estimated at 2.3 mIU/l (first trimester) and 3.1–
3.5 mIU/l (second–third trimester, respectively) (Panesar 
et al., 2001).

Thus, a TSH measurement higher than these values might 
be indicative of hypothyroidism during pregnancy. Whether 
this level should be used in decision-making for initiating T4 
therapy, especially in women with thyroid antibodies positive, 
is a controversial point (Glinoer and Abalovich, 2007).

Another issue of interest is to determine in which 
patients TSH should be measured.

In the absence of recommendations for universal screen-
ing, aggressive target case finding in high-risk pregnant 

Figure 113.1 Etiology of maternal hypothyroidism and its 
repercussion on the fetus. Iodine deficiency and autoimmune 
thyroiditis are the main causes of maternal hypothyroidism. The 
iodine deficiency can affect both mother and fetus. TSBAb, TSH 
receptor inhibiting antibodies; 131I, 131 radioiodine.

Iodine deficiency Autoimmune thyroiditis

Fetal
hypothyroidism

Maternal
hypothyroidism

Other causes

Therapies for hyperthyroidism (131I or surgery)
Surgery for thyroid tumors
Transient hypothyroidism (subacute thyroiditis)
Hypothalamic-hypophyseal hypothyroidism
Placental transfer of TSBAb (very rare)

Figure 113.2 Trimester-specific serum TSH ranges in normal pregnant women. The scatter-plots of individual results for TSH during 
pregnancy with the median, 2.5 and 97.5 percentile limits. The upper normal limit for serum TSH was estimated to be 2.3 mIU/l (first  
trimester) and 3.1–3.5 mIU/l (second–third trimester, respectively). Reproduced with modifications from Panesar et al., (2001); with per-
mission of the publisher: the Royal Society of Medicine, London.
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women is recommended at the first prenatal visit (Mandel, 
2004; Abalovich et al., 2007) (Table 113.1).

However, targeted thyroid function testing of only the 
high-risk group would miss about one third of pregnant 
women with overt/SCH (Vaidya et al., 2007).

Serum FT4 Concentrations The reference ranges given by 
FT4 measurement kit manufacturers were determined by 
using pools of nonpregnant normal sera. These ranges are 
invalid for pregnant status because FT4 assays are influenced 
by serum changes typically associated with pregnancy [such as 
changes in thyroxin-binding globulin (TBG), albumin, and 
so on]. It has recently been put forward that the serum FT4 
reference ranges to “laboratory-specific” and/or “trimester- 
specific” ranges to be used during pregnancy. Although 
FT4 is still a widely-used should be, caution is suggested 
in the interpretation of serum FT4 levels during pregnancy 
adjusted because consensus has not, been reached worldwide 
on such ranges so far. It would be advisable for each labora-
tory to determine normal trimester-specific reference ranges 
for pregnant women (Demers and Spencer, 2003; Sapin  
et al., 2004; Soldin et al., 2004).

Serum Total T4 Concentrations The range of normal serum 
total T4 values is modified during pregnancy, since total 
T4 is directly influenced by changes in TBG characteristics 
of pregnancy. It therefore has been proposed to adjust the 
nonpregnant total T4 range (5–12 g/dl or 50–150 nmol/l) 
by multiplying this range by 1.5-fold (Demers and Spencer, 
2003; Mandel et al., 2005).

Thyroid Autoantibodies The determination considered as the 
most sensitive and specific so as to confirm the autoimmune  
origin of hypothyroidism is TPOAb. In some TPOAb nega-
tive patients, the TgAb ultrasensitive measurement may be 
useful for that purpose. Euthyroid women with TPOAb 
positive during the first trimester of pregnancy may have a 
higher risk of miscarriages (Abramson and Stagnaro-Green, 
2001; Prummel and Wiersinga, 2004), of developing 

hypothyroidism throughout gestation (Glinoer et al., 1994) 
or of postpartum dysfunction (Amino et al., 1976). In a pro-
spective longitudinal study performed in 1660 consecutive 
healthy pregnancies, 5.2% of them showed thyroid autoanti-
bodies. Despite the expected decrease in thyroid antibody tit-
ers during gestation, 40% of TPOAb positive women had a 
serum TSH 3 mIU/l, with almost one-half of them exceed-
ing 4 mIU/l, at parturition (Glinoer et al., 1994). A more 
recent paper has also shown that in euthyroid women with 
TPOAb, serum TSH levels increase progressively as gestation 
progresses, from a mean 1.7 mIU/l (12th week) to 3.5 mIU/l  
(term), with 19% of these women showing a supranormal 
serum TSH value at delivery (Negro et al., 2006). However, 
these studies were performed in areas with mild iodine defi-
ciency, which may have further compromised the maternal 
thyroid gland reserve.

Awareness of the existence of other autoimmune diseases 
demands the monitoring of antithyroid antibodies and  
follow-up of thyroid function during pregnancy (Ruggeri 
et al., 2002). Between 27% and 45% of women with dia-
betes type I may develop autoimmune hypothyroidism 
during pregnancy (Jovanovic-Peterson and Peterson, 1988; 
Gallas et al., 2002), mostly subclinical.

The determination of TSBAb is not routinely per-
formed since the detection of TSBAb in hypothyroid 
women is exceptional. However, these antibodies can read-
ily cross the placenta and result in transient fetal/neonatal 
hypothyroidism, with impaired neuromotor development 
(Matsuura and Konishi, 1990; Yasuda et al., 1999).

Repercussions of hypothyroidism 
on pregnancy

Maternal Aspects There is a known association between 
hypothyroidism and decreased fertility. Anovulation is one of 
the most common gynecoendocrine disturbances in women 
with primary hypothyroidism, thus conception has been 
considered difficult in untreated women. However, it was 
demonstrated that 34% of 150 women with hypothyroidism 
became pregnant without treatment, 11% of these presented 
OH, thus confirming that hypothyroidism does not prevent 
the possibility of conception (Abalovich et al., 2002).

Several studies have shown that, when hypothyroid 
women become pregnant and maintain the pregnancy, 
they carry an increased risk for obstetric complications. 
Greater risk of abortion, anemia, gestation hypertension 
(including severe forms of eclampsia and preeclampsia), 
abrupto placentae and postpartum hemorrhage have been 
described (Table 113.2).

Most of these complications are more frequently 
observed in OH than in SCH (Davis et al., 1988; Leung 
et al., 1993). Gestational hypertension was especially fre-
quent in those women who reached the third trimester in 
a hypothyroid state without treatment or with inadequate  

Table 113.1 High-risk groups of developing hypothyroidism in 
case-finding approach

Women living in areas with iodine deficiency
Women with a history of thyroid disease
Women with symptoms or clinical signs suggestive of thyroid 
underfunction
Women with a goiter
Women with thyroid antibodies
Women with possible decrease of thyroid gland reserve (parcial 
thyroidectomy; neck irradiation)
Women with other autoimmune disorders (especially diabetes 
type I)
Women with infertility or pregnancy loss
Women with previous preterm deliveries

Note: The women listed deserve, at least, a TSH dosage in their 
first visit during pregnancy or prior to conception (if they wish to 
get pregnant).
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treatment (Leung et al., 1993). On the contrary, there are 
works which have not found a major prevalence of gesta-
tional hypertension in hypothyroid women compared to 
euthyroid pregnant women (Wasserstrum and Anania, 
1995; Allan et al., 2000; Briceño Perez and Briceño 
Sanabria, 2006). Recently, 17.64% of cases have been 
described with premature rupture of membranes and oli-
goamnios in a small group of patients without specifica-
tion of the grade of hypothyroidism (Briceño Perez and 
Briceño Sanabria, 2006). Regarding abortion, its incidence 
was high in OH as well as in SCH, but conditioned by 
adjustment of the treatment with levothyroxine (L-T4). 
When this was inadequate, 60% of women with OH and 
71.4% of those who presented with SCH miscarried, and 
only 20% and 21.4%, respectively, reached delivery to 
term. On the other hand, when the treatment was appro-
priate, 100% of patients with OH and 90.5% of those 
who presented with SCH reached delivery to term, with-
out abortions in any of the groups (Abalovich et al., 2002) 
(Figure 113.3).

Other studies have also demonstrated that adequate 
L-T4 treatment greatly reduces the frequency of obstet-
ric complications (cases with late treatment included) 
(Montoro et al., 1981; Davis et al., 1988; Leung et al., 
1993). This has recently been reasserted by two other stud-
ies with an important number of patients (Matalon et al., 
2006; Tan et al., 2006).

However, even treated hypothyroidism seems to increase 
the risk of the likelihood of a cesarean section (Idris et al., 
2005; Matalon et al., 2006).

Fetal Aspects Untreated maternal hypothyroidism may 
give rise to adverse effects on the fetus: premature low birth 
weight (Davis et al., 1988; Leung et al., 1993; Abalovich  
et al., 2002); distress at the time of childbirth (Wasserstrum 
and Anania, 1995); and congenital malformations such as 
anal fissure, ductus arteriosus and interauricular communica-
tion, small palate, polydactyly, biliar atresia, etc. (Leung et al., 
1993; Abalovich et al., 2002). Increased prevalence of fetal 
(3–12%) and perinatal (3–9%) death were also described 
(Montoro et al., 1981; Davis et al., 1988; Leung et al., 1993; 
Allan et al., 2000; Abalovich et al., 2002) (Table 113.3).

In addition, these studies frequently mention associa-
tion with other deleterious conditions (hypertension or 
diabetes), which may also have increased the overall obstet-
ric risks.

Table 113.2 Maternal complications associated with hypothy-
roidism during pregnancy

References Complication
Prevalence 
(%)

Type of 
hypothyroidism

Abalovich 
et al., (2002)

Miscarriage 60 
71

OH 
SCH

Davis et al., 
(1988)

Anemia 31.2 OH

Davis et al., 
(1988)

Postpartum 
hemorrhage

16.6
18.7

SCH
OH

Leung et al., 
(1993)

4 SCH

Davis et al., 
(1988)

Placental 
abruption

18.7 OH

Briceño and 
Briceño (2006)

Premature 
rupture of 
membranes

17.6 ND

Davis et al., 
(1988)

Pre-eclampsia/ 
G. hypertension

43.7
16.6

OH
SCH

Leung et al., 
(1993)

15
22

SCH
OH

Notes: Percentages listed come from the studies shown as 
references. Only the maternal complications with increased 
prevalence have been included. Complications are more 
frequently observed in OH than in SCH. G. hypertension, 
gestational hypertension; OH, overt hypothyroidism; SCH, 
subclinical hypothyroidism; ND, nondetermined.

Figure 113.3 Pregnancy outcome in hypothyroid women 
according to the treatment received. Pregnancy outcome (abor-
tion, preterm and term deliveries) in relation with adequate (upper 
graph) or inadequate (lower graph) treatment with levothyroxine 
in hypothyroid pregnant women, according to thyroid function at 
the time of conception. Reproduced from Abalovich et al., (2002); 
with permission of the publisher: Mary Ann Liebert, Inc.
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Although less frequent than with OH, complications 
have been described in newborns with SCH. Specifically, 
recent articles have demonstrated an increase in pre-
term delivery in mothers with SCH. Casey et al. (2005) 
screened 17298 women before the 20th week of gestation 
and reported a doubling of the rate of preterm delivery in 
women with SCH. Stagnaro-Green et al. (2005) compared 
the thyroid status of 124 women with preterm delivery to 
124 matched controls who delivered at term (delivery later 
than a 37-week gestation). Women with preterm deliver-
ies (delivery prior to 32 weeks gestation) had a three-fold 
increase in SCH. In a prospective randomized intervention 
trial, Negro et al. (2006) reported a significant decrease 
in preterm delivery in thyroid antibody euthyroid posi-
tive women treated with L-T4, as compared to thyroid 

antibody positive euthyroid women who did not receive 
L-T4 intervention (preterm delivery rate 7% vs. 22.4%, 
p  0.05, respectively).

Treatment

The administration of L-T4 is the treatment of choice 
for maternal hypothyroidism, if iodine nutrition status is 
adequate. Hypothyroid pregnant women require larger  
L-T4 replacement doses than nonpregnant patients do, and 
women who already take L-T4 before pregnancy usually  
need to increase their daily dosage by 25–50% above the 
average preconception dosage. Several reasons explain 
the increased thyroid hormone requirements in early  
pregnancy; the rapid rise in TBG levels resulting from the 
physiological rise in estrogen, later, the increased placental 
transport and metabolism of maternal T4 and, lastly, the 
increased distribution volume of thyroid hormones (vascular, 
hepatic, fetal-placental unit) (Mandel et al., 1990; Glinoer, 
1997; Mandel, 2004).

When OH is diagnosed during pregnancy, thyroid func-
tion tests (TFTs) should be normalized as rapidly as possible. 
T4 treatment should be initiated with a dose of 100–150 g/
day or titrated according to body weight. In nonpregnant 
women, the full replacement L-T4 dose is approximately 
1.6 g/kg body weight per day. During pregnancy, because 
of the increased T4 requirements, the full replacement  
L-T4 dose should be increased to 2.0–2.4 g/kg body 
weight per day. In initial severe hypothyroidism, therapy 
may be initiated by giving, during the first few days, a  
L-T4 dose equaling two times the estimated final replacement  
daily dose, in order to rapidly normalize the extrathyroidal 
T4 pool (Larsen, 1992; Mandel et al., 1993; Brent, 1999; 
Mandel, 2004). However, although reasonable, there is  
presently no proof of the real advantage in doing this.

Regarding SCH, it has been shown to be associated with 
an adverse outcome for both the mother and the offspring 
(Leung et al., 1993; Davis et al., 1988; Abalovich et al., 
2002; Casey et al., 2005), although the risk of complications 
is lower than in OH. The effectiveness of L-T4 treatment  
in pregnant women with SCH has been proven in other 
studies. Abalovich et al. (2002) showed a clear reduction 
in the miscarriage percentage when women with SCH 
are adequately treated with L-T4. More recently, another 
work indirectly supported the importance of SCH treat-
ment when demonstrating that, in euthyroid women with 
positive TPOAb, the use of L-T4 diminished the number 
of miscarriages and preterm deliveries (Negro et al., 2006). 
The TPOAb positive women without treatment had higher 
mean TSH levels and lower FT4 concentrations than those 
who received L-T4.

In women who already received L-T4 before con-
ception, most of them (between 50% and 100%) need 
to increase the dosages (Mandel et al., 1990; Kaplan, 
1992; McDougall and Maclin, 1995; Caixas et al., 1999; 

Table 113.3 Fetal complications associated with hypothy-
roidism during pregnancy

References Complication
Prevalence 
(%)

Type of 
hypothyroidism

Davis et al.,  
(1988)

Prematurity/low 
birth weight

31.2 OH

Leung et al., 
(1993)

9
22

SCH
OH

Abalovich 
 et al., (2002)

20
7.2

OH
SCH

Casey et al., 
(2005)

4 SCH

Leung et al., 
(1993)

Congenital 
malformations

4 OH

Abalovich 
 et al., (2002)

6.3 OH

Wasserstrum  
and Anania  
(1995)

Fetal distress 
in labor

14 OH

Davis et al.,  
(1988)

Fetal death 12.5 OH

Leung et al., 
(1993)

4 OH

Allan et al.,  
(2000)

8 OH

Abalovich 
 et al., (2002)

3.2 OH

Montoro 
 et al., (1981)

Perinatal 
death

9 OH

Allan et al.,  
(2000)

3 OH

Casey et al., 
(2005)

Admission 
to ICU

4 SCH

Notes: Percentages listed come from the studies shown as 
references. Only fetal complications with increased prevalence 
have been included. Complications are more frequently 
observed in OH than in SCH. ICU, intensive care unit; OH, overt 
hypothyroidism; SCH, subclinical hypothyroidism.



Abalovich et al., 2002; Alexander et al., 2004) although 
a few studies found that only the minority need to do so 
(21–38%) (Pekonen et al., 1984; Girling and de Swiet, 
1992; Chopra and Baber, 2003) (Table 113.4).

The need to adjust the preconception L-T4 daily dosage 
becomes manifest as early as 4–8 weeks gestation, hence 
justifying the adaptation of L-T4 replacement to ensure 
that maternal euthyroidism is maintained during early 
pregnancy. An alternative recommended by some thyroid-
ologists (Rotondi et al., 2004) is to anticipate the expected 
increase in serum TSH by raising the L-T4 dose before 
conception, so as to reach preconception serum TSH val-
ues in the low-normal range (0.3–0.7 mU/l), especially in 
thyroidectomized patients. This strategy might reduce the 
number of hypothyroid women at the first postconception 
visit. Other authors recommend increasing the L-T4 dose 
by approximately 30% as soon as pregnancy is confirmed 
(Alexander et al., 2004). However, with the possibility 
of performing a FT4 and TSH measurement with short-
time resolution (within the first 24 h after extraction), 
the need for and magnitude of the increment can be esti-
mated according to the biochemical results and not blindly 
appraised. The need for anticipatory strategies seems to be 
endorsed by a recent retrospective study (Idris et al., 2005) 
reporting that, among 167 hypothyroid pregnant women 
taking L-T4, 24% presented an antenatal clinic with a 
serum TSH concentration above the normal range.

It should be noted that 25% of the hypothyroid women 
able to maintain a normal serum TSH level in the first tri-
mester and 35% of those who maintain a normal serum 

TSH level until the second trimester may still require an 
increment in L-T4 replacement during late gestation to 
preserve a euthyroid status (Mandel, 2004).

The magnitude of the L-T4 increment during preg-
nancy depends primarily on the etiology of hypothyroidism, 
namely the presence or absence of residual functional thy-
roid tissue. Women without residual functional thyroid tis-
sue (after radioiodine ablation, total thyroidectomy, or due 
to congenital agenesis of the gland) require a greater incre-
ment in L-T4 dosage (approximately 50% with regards to 
the preconception dose) than women with Hashimoto’s 
thyroiditis who usually have some residual thyroid tis-
sue (approximately 25%) (Kaplan, 1992; Caixas et al., 
1999) albeit said increments may be higher (Alexander  
et al., 2004). It has been suggested that the increment in  
L-T4 dosage can be based on the initial degree of TSH  
elevation, although this should be only taken as an orientat-
ing rule, not valid for all cases. For women with a serum 
TSH between 5 and 10 mU/l, the average increment in 
L-T4 dosage is 25 50 g/day; for those with a serum TSH 
between 10 and 20 mU/l, 50–75 g/day; and for those with 
a serum TSH 20 mU/l, 75–100 g/day (Kaplan, 1992).

However, all cautionary measures mentioned to try and 
normalize rapidly increasing TSH during pregnancy may not 
be enough. Some authors showed that, despite the adapta-
tion of the mean dosage of L-T4 (from 100 to 150 g/day, 
between the first and third trimester) and adequate median 
serum TSH values, L-T4 dosage showed an extremely wide 
range (between 25 and 325 g/day) and, more importantly, 
elevated serum TSH levels were found in individuals (up to 
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Table 113.4 Variations in levothyroxine requirements before and during pregnancy

Pregnancies Mean L-T4 (g/day) L-T4

References n % Before pregnancy During pregnancy g/day %

Pekonen et al., (1984) 7 22 NS 141 62
Mandel et al., (1990) 12 75 102 148 45 45
Kaplan (1992) 42 64 113 154 41 40

17 HASH 47 111 139 28 23
25 ABL 76 114 166 52 50

Girling and de Swiet (1992) 33 21 124 138 14 10
McDougall and  
Maclin (1995)

20 100 125 161 36 30

Caixas et al., (1999) 41 46
31 HASH 39 88 NS 14 20
10 ABL 70 185 NS 40 30

Abalovich et al., (2002) 95 69.5 114 158 46 40
Chopra and Baber (2003) 13 38 114 138 20 20
Alexander et al., (2004) 20 85 131 NS 36 30
Overall 283 62.9

Notes: Levothyroxine doses and percentages listed were taken (or recalculated) from the studies shown as references. 
Levothyroxine doses are expressed as the mean doses. More of the hypothyroid patients receiving levothyroxine before 
pregnancy need to increase levothyroxine dose by between 20% and 50% according to the etiology of the hypothyroidism.  
L-T4, levothyroxine; HASH, Hashimoto’s thyroiditis; ABL, thyroid ablation; NS, nonspecified. Reproduced with modifications  
from Mandel, (2004); with permission from Elsevier.



1120 Other Causes of Hypothyroidism

almost 100 mU/l), indicating that the L-T4 dosage adaptation 
was insufficient and/or occurred too late (Idris et al., 2005).

Ingestion of iron supplements, iron-containing vitamins, 
calcium supplements and soy-based food may interfere 
with L-T4 absorption. Therefore, these must preferably be 
separated from T4 ingestion by at least 4 h (Campbell et al., 
1992; Singh et al., 2000; Bell and Ovalle, 2001).

Serum FT4 and TSH levels should be measured within 
1 month after the initiation of treatment. The overall aim 
is to achieve and maintain normal FT4 and TSH levels 
throughout gestation. T4 treatment should be titrated to 
reach a serum TSH value 2.5 mU/l (ideally lower than 
2.0). As already mentioned, because it is sometimes dif-
ficult to interpret the results of FT4 and TSH measure-
ments correctly in the context of pregnancy, it is useful to 
optimize the monitoring of treatment during pregnancy 
by establishing laboratory-specific reference ranges for 
serum FT4 and trimester-specific reference ranges for 
serum TSH. Once the TFTs become normal due to treat-
ment, they should be monitored every 6–8 weeks. If TFTs 
remain abnormal, L-T4 dosage should be adjusted and 
tests repeated every 30 days until normalization of TFTs.

After parturition, most patients need to decrease the L-T4 
dosage received during pregnancy, over a period of 2–4 weeks 
postpartum. However, it should be remembered that women 
with thyroid autoimmunity features are at risk of developing 
postpartum thyroiditis, a syndrome that may justify differ-
ences in the pre- and postpregnancy L-T4 requirements. It is 
therefore important to continue monitoring TFTs for at least 
6 months after delivery (Caixas et al., 1999; Mandel, 2004).

Conclusions

An early diagnoses and an adequate treatment of hypothy-
roidism during gestation minimizes risks and, in general, 
makes it possible for pregnancies to be carried to term without  
complications. It is more important to prevent the thyroid 
hypofunction prior to conception. In this regard, precaution-
ary measures of high relevance are: identification of high-risk 
groups; ensuring an adequate iodine contribution; and the 
treatment of women affected by hypothyroidism.

Summary Points

l  Maternal hypothyroidism is known to have serious 
adverse effects on the pregnancy outcome, both mater-
nal as well as fetal. Therefore, maternal hypothyroidism 
should be avoided.

l  Targeted case finding is recommended at diagnosis of 
pregnancy.

l  If hypothyroidism has been diagnosed before pregnancy, 
we recommend adjustment of the preconception L-T4 
dose to reach a TSH level not higher than 2.5 mU/l 
(ideally lower than 2.0) prior to pregnancy.

l  The L-T4 dose usually needs to be increased by 4–6 
weeks gestation, and may require a 20–50% increase in 
dosage (or even more).

l  Patients should separate L-T4 ingestion and the inges-
tion of iron supplements vitamins containing iron, cal-
cium supplements and soy-based food by at least 4 h.

l  If OH is diagnosed during pregnancy, TFTs should be 
normalized as rapidly as possible. L-T4 dosage should 
be titrated rapidly to reach and thereafter maintain 
serum TSH concentrations lower than 2.5 mU/l (ide-
ally lower than 2.0) or trimester-specific normal TSH 
ranges. TFTs should be readministered within 30–40 
days.

l  SCH has been shown to be associated with an adverse 
outcome for both the mother and the offspring.  
L-T4 treatment has been shown to improve obstetrical 
outcome, but has not been proved to modify long-term 
neurological development in the offspring. However, 
given that the potential benefits outweigh the poten-
tial risks, we recommend L-T4 replacement in women  
with SCH.

l  Women with thyroid autoimmunity who are euthyroid 
in the early stages of pregnancy are at risk of develop-
ing hypothyroidism and should be monitored for eleva-
tion of TSH above the normal range. Besides, they run 
a higher risk of presenting miscarriages and thyroid dys-
function postpartum.

l  After delivery, most hypothyroid women need the L-T4 
dosage they received during pregnancy to be decreased 
to the preconception dosage. TSH level should be 
rechecked at 6 weeks postpartum, and it is important 
to continue monitoring TFTs for at least 6 months after 
delivery.
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Abstract

Over 79 million newborns are protected from iodine  
deficiency disorders annually. This is largely because of 
public and private sector collaboration in the iodization 
of salt. Thriving partnerships have included an injection 
of additional resources, capacity building, equipment and 
strengthening of government monitoring systems. Despite 
rapid successes, the challenge of reaching the remaining 
30% of newborns still looms. Going forward, key priorities 
include the following: focusing on countries with the larg-
est unprotected number of infants; increasing consumer 
awareness; and forming business alliances and associations 
especially among small-scale producers. Furthermore, lev-
eraging the strengths of public and private sector partner-
ships will accelerate universal salt iodization.

Abbreviations

CIDA  Canadian International Development 
Agency

ICCIDD  International Council for the Control of 
Iodine Deficiency Disorders

IDD Iodine deficiency disorders
MDG Millennium Development Goals
SCN Standing Committee on Nutrition
UN United Nations
UNICEF  United Nations Children’s Emergency 

Fund
USAID  United States Agency for International 

Development
USI Universal salt iodization

Introduction

For over a century, industrialized countries have been tack-
ling iodine deficiency, a leading cause of goiter and brain 

damage. Preliminary research on salt as a vehicle for iodine 
to treat goiter began in 1821 by a French nutritional 
chemist, Jean Baptiste Boussingault (ICCIDD, 2007). 
Initially, the common intervention for control of iodine 
deficiency was high-dose iodine supplementation, adminis-
tered either by intramuscular injections or by oral therapy. 
It was not until 1907 that David Marine, an American 
doctor, resumed salt fortification research for the preven-
tion of goiter (ICCIDD, 2007). Switzerland was the first 
country to recommend iodized salt in 1921 after finding 
that 90% of schoolchildren had goiter (ICCIDD, 2007). 
Discussions with salt industries led to the iodization of salt 
in the United States and Canada in the mid-1920s, with 
other industrialized nations following soon after.

Universal Salt Iodization

In the 1960s, the prevalence of iodine deficiency was rec-
ognized in a number of developing countries around the 
world, including in Latin America, Africa and China. 
However, iodine supplementation programs in these 
countries faced tremendous logistical challenges, and this 
approach was not seen as a sustainable or viable means of 
improving the iodine status of populations.

As in industrialized nations, iodine fortification seemed 
to present the best solution. A number of food vehicles 
such as water, milk, sugar and candy had been considered 
for iodine fortification (Mannar and Dunn, 1995) in devel-
oping countries, but salt was identified as the best source 
for a number of reasons: salt is widely consumed by most 
people in the world regardless of income; salt tends to be 
consumed in consistent and small amounts by individu-
als and, therefore, there is little chance of iodine overdose; 
there is no chemical reaction between salt and iodine;  
adding iodine to salt does not impact color, taste or  
odor; and finally, the cost of iodizing salt is extremely low. 
On average, adequate intake of iodine through salt costs 
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3–5 cents per person per year (Mannar, 1999). Tools, equip-
ment and procedures for salt iodization are widely available, 
and have made it possible for countries to implement large-
scale programs (Mannar and Dunn, 1995).

Although most industrialized nations began to mandate 
the iodization of salt from the 1920s onward, competing 
social and economic priorities prevented many developing 
countries from addressing iodine deficiency, and progress 
was slow. In addition, iodine deficiency was neglected sim-
ply because the extent of the problem was hidden by the 
geographic isolation of the communities most affected. 
Furthermore, the impact of iodine deficiency in economic, 
social and human terms was not yet quantified, nor was 
the cost-effectiveness of salt iodization communicated.1

In the early 1980s, the United Nations (UN) Standing 
Committee on Nutrition (SCN) requested a review of the 
scientific evidence and models for national programs. As a 
result, the International Council for the Control of Iodine 
Deficiency Disorders (ICCIDD) was formed in 1985 as an 
expert advisory group to guide agencies and governments. 
In addition, new evidence revealed that while severe iodine 
deficiency had become less prevalent, milder degrees of 
iodine deficiency were widespread among populations. 
Research also started to show that, beyond goiter and cre-
tinism, iodine deficiency disorders (IDD) were associated 
with miscarriages and stillbirths in women, impaired men-
tal functions, and delayed physical development in chil-
dren (Hetzel, 2004).

Around the same time, UNICEF intensified its efforts 
to advocate USI as the most appropriate long-term strategy 
for the control of IDD in developing countries. In 1990, 
the World Health Assembly passed a resolution to elimi-
nate iodine deficiency as a public health problem. In that 
same year, seventy heads of state gathered at the World 
Summit for Children and pledged to make the elimination 
of IDD one of the health and social development goals to 
be achieved by the year 2000.

Several donors, including the World Bank, CIDA, USAID 
and Kiwanis International, resolved to finance national IDD 
control programs, aimed at strengthening salt iodization, 
with UNICEF taking on a major role in the implementa-
tion of these programs in many developing countries. These 
efforts resulted in a number of successful country programs 
in which the proportion of households using iodized salt rose 
dramatically within a few years. In the 15 years between 1990 
and 2005, consumption of adequately iodized salt increased 
from 20% to approximately 70% (UNICEF, 2006). This 
was due in part to leveraging partnerships between govern-
ments, civil society and the salt industry.

Partnerships

Partnerships between the public and private sectors are 
not a new concept. Most notable early collaborations date 
back to the late-eighteenth century and began with the 
provision of infrastructure services, such as roads and rail-
ways, especially in the United States (US Department of 
Transportation, 2004). As local governments began to face 
resource constraints related to service provision, partner-
ships with the private sector emerged.

There are a number of reasons why partnerships are 
formed and why the nature of the relationship between 
public and private actors often varies accordingly. 
Motivations underlying partnerships range from economic 
incentives and political interests to philanthropy, social 
compassion, and ethical responsibility. As a result, there 
is no centrally agreed definition of public–private partner-
ships. Increasingly though, public–private partnerships are 
being formed in all sectors, recognizing the fact that each 
partner has a certain advantage relative to the other in per-
forming specific tasks.

The international development sector is no exception. 
There has been a growing recognition that further engaging 
the private sector may increase the sustainability of interven-
tions. Furthermore, new and increasingly complex devel-
opment challenges have forced governments to look to the 
private sector as a source of funding. Increasingly, it has been 
recognized that private sector capital often brings new skills 
and expertise to specific development challenges. Harnessing 
the power of the private sector has also been an outcome of 
economic globalization, which has seen private capital flows 
outstripping official development assistance as a source of 
financing in the developing world (USAID, 2006).

In September 2000, history’s largest gathering of world 
leaders adopted the UN Millennium Declaration aimed 
at reducing poverty through time-bound targets that 
expire in 2015. One of these Millennium Development 
Goals (MDG), creating a global partnership for develop-
ment, explicitly calls for the public and private sectors to 
find new ways of working together to meet the ambitious 
antipoverty targets (UN Millennium Development Goals, 
2005). A subsequent UN conference on financing for 
development in Monterrey, Mexico, in 2002 also called for 
such collaborations. A growing consensus has emerged on 
the need for greater coherence between public and private 
actors to achieve internationally agreed development goals 
and to overcome the limits of development finance (World 
Economic Forum, 2005).

Why Partnerships Are Essential in 
Universal Salt Iodization

Industrialized countries have achieved USI through some 
combination of government regulation and collaboration 
with the salt industry. Since the salt industry consists of a 

1Since then, studies have demonstrated the cost-effectiveness of salt iodization. 
Pandav and colleagues conservatively estimated the cost–benefit ratio of 
implementing universal salt iodization (USI) to be 1:3 (Pandav, 1997). 
The ratio is larger, 1:8, if benefits related to education and livestock pop-
ulations are considered (Hetzel, 2004).
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relatively small number of large producers in most of the 
developed world, voluntary agreements have been straight-
forward. Moreover, such large producers have the resources 
and skills to import potassium iodate, as well as to produce 
and distribute a high-quality product.

The developing world, however, faces significant challenges 
in achieving the same outcomes. Countries with high rates of 
iodine deficiency typically host a salt industry composed of 
hundreds of small-scale producers. This creates many chal-
lenges. Small producers face very narrow profit margins, and 
therefore, their ability to absorb the increased costs of iodiza-
tion is limited. In addition, producers are frequently dispersed 
across hard-to-reach rural areas, limiting access to iodine and 
causing law enforcement difficulties and inconsistencies. 
Finally, these small producers have neither the equipment nor 
the skills required to iodize unrefined salt.

These challenges are exacerbated by the complicated 
network of players who need to be engaged in the process. 
Indeed, one of the features distinguishing salt iodization 
from many other public health initiatives is that it requires 
a high level of involvement and motivation from multiple 
actors who make up the salt chain, including the private 
sector (typically producers, packers, truckers, wholesalers 
and retailers), government law enforcement officers and 
civil society. Taken together, partnerships among all these 
players must be balanced in a way that addresses the needs 
of small producers, while supporting the entire salt chain 
through to consumers.

Key Factors for Successful  
Public–Private Partnerships in USI

Experience has demonstrated that, where salt iodization 
has successfully reached rural populations affordably, the 
key has been improved collaboration among all these var-
ied stakeholders. Indeed, the unique partnership between 
national governments and the salt industries, catalyzed by 
international organizations such as UNICEF, has resulted 
in rapid progress in several countries toward the goal 
of USI. Due to these efforts, annually, over 79 million 
children are protected from iodine deficiency disorders 
(UNICEF, 2006).

The design of successful partnerships has incorporated 
several key components. Building the capabilities of small 
producers has been essential. This involves, for instance, 
support in the form of providing iodization equipment 
to salt plants, subsidies for potassium iodate and train-
ing in quality assurance. Another component has been to 
strengthen government capabilities, especially in monitor-
ing and law enforcement. Successful partnerships have 
also ensured an infusion of new, additional resources. In 
this vein, it is estimated that public investment of US$400 
million has leveraged more than US$1.5 billion of private 
investment in salt iodization (Mannar, 1999).

Salt Iodization in India

India was a pioneer in the developing world for both rec-
ognizing iodine deficiency as a national public health con-
cern and providing iodized salt to its population. Iodized salt 
was distributed in 1956 during a seminal study on goiter 
prevention and control in the Kangra district of Himachal 
Pradesh (Sooch et al., 1973). The results of this study led 
to the launch of the National Goiter Control Program by the  
government of India in 1962.

India’s strategy for the control of iodine deficiency has 
evolved considerably since then. When the National Goiter 
Control Program began, it targeted regions with goiter 
and made iodized salt available only in those districts. The 
government of India set up its own salt iodization unit, 
Hindustan Salt Limited, to produce and distribute iodized 
salt within endemic districts.

By the early 1980s, the national goiter prevalence survey 
data demonstrated, however, that goiter was not localized, 
but rather affected all regions of India. In 1984, the Central 
Council of Health took the decision to iodize all edible salt 
throughout the country, and invited private sector participa-
tion in the production and distribution of iodized salt. USI 
was to be achieved completely in a phased manner by 1990.

In 1983, Hindustan Salt Limited was producing 0.2 mil-
lion metric tons of iodized salt per annum. With the private 
sector entering the field, by 1990, there was a quantum 
leap in the quantity of iodized salt produced to 2.5 million 
metric tons annually. However, at that time, 962 salt iodiza-
tion plants had been set up in India, with installed capacity 
for 12 million metric tons of iodized salt. Therefore, produc-
tion was less than capacity, indicating insufficient consumer 
demand for iodized salt. In the absence of consumer aware-
ness of IDD, many people were not willing to pay the extra 
cost for iodized salt.

A large-scale campaign aimed at consumer educa-
tion combined with legislative measures to prevent the sale 
of noniodized salt for human consumption resulted in an 
increase in iodized salt production. By 1995, 4.2 million met-
ric tons of iodized salt was being produced annually with the 
help of the private sector.

By 1999, The National Family Health Survey found that 
approximately 70% of India’s population had access to 
iodized salt (IIPS, 2000). However, of the 70% consuming 
iodized salt in India, only about half consumed salt that was 
adequately iodized (i.e., containing 15 ppm of iodine at the 
household level) (IIPS, 2000). Inadequately iodized salt was 
largely found in rural areas where access is the main obstacle. 
Approximately 57% of people living in rural areas and 64% 
of people within a low standard of living index consumed salt 
that was not iodized or iodized inadequately (IIPS, 2000).

Today, although significant progress has been made in 
reaching a large number of households consuming iodized 
salt in India, 13 million infants remain iodine deficient 
(Network for Sustained Elimination of Iodine Deficiency, 
2007). Although international organizations have sup-
ported production through potassium iodate subsidies and 
demand creation, further sustainable structural changes will 
be required to fully achieve USI in India.
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inadequate demand for iodized salt and weak law enforce-
ment could result in a black market for noniodized salt, 
diminishing the impact of regulation. Evidence shows that 
investments in public education and social mobilization 
campaigns have made consumers aware of the risks associ-
ated with iodine deficiency (Bekefi, 2006).

Finally, the role of international agencies must be 
strengthened. They have played an important role in bridg-
ing common objectives, coordinating all sectors, providing 
technical assistance to public and commercial partners, and 
leveraging resources in a mutually beneficial manner.

It is important to note, however, that there is a danger 
that an increased role for the private sector could erode the 
government’s responsibility for ensuring positive public 
health outcomes. Therefore, public–private partnerships 
should not be seen as a substitute for government account-
ability. Rather, partnerships should strengthen the existing 
infrastructure and make governments and industrial oper-
ations more efficient. The goal should be to improve the 
capabilities of the entire salt system to deliver iodized salt 
that is accessible and affordable, not to move the locus of 
accountability solely to the private sector.

Conclusion

There is reason to be optimistic for USI. Proven, low-cost 
solutions exist for iodine deficiency. The synergy resulting 
from collaboration among international organizations, the 
private sector, and governments who make USI a priority 
will assist in achieving the following key MDGs: Goal 1, 
Eradicate extreme poverty and hunger; Goal 2, Archieve 
universal primary education; Goal 4, Reduce child mor-
tality; and Goal 5, Improve maternal health. The private 
 sector is a valuable partner in overcoming iodine deficiency 
and, increasingly, partnerships need to be leveraged in order 
to reach the remaining 30% of the unprotected population.

Summary Points

l Salt was selected as the best vehicle for iodization as it is 
widely consumed in small proportions by most people 
in the world.

l In 1990, the World Health Assembly and the World 
Summit for Children passed resolutions and set goals 
to eliminate iodine deficiency by 2000. In the 15 years 
between 1990 and 2005, public–private partnerships 
have accelerated progress toward US1 from 20% to 
70%. However, 30% of newborns remain unprotected.

l There are several challenges associated with USI in 
developing countries, including many small produc-
ers with a number of players, all operating on narrow 
profit margins, lack of awareness and difficult regulatory 
environments.

Moving Forward

Despite the very real successes achieved to date globally 
with USI, the challenge of reaching the remaining 30% 
of newborns still looms. A number of significant steps are 
required to sustain the level of progress made in expanding 
and sustaining coverage through public–private partner-
ships, particularly in rural areas in the developing world.

First, focusing on the countries with the largest unpro-
tected number of infants is a priority. The highest numbers 
of deficient populations reside in India, Pakistan, Ethiopia, 
Indonesia, China and Sudan (UNICEF, 2006). Achieving 
USI in these countries would protect an additional 22 mil-
lion children (UNICEF, 2006).

Secondly, robust monitoring systems and techniques 
must be implemented to reinforce industry quality control 
and external regulatory monitoring. To this end, small-
scale producers need simple, low-tech devices, such as salt 
test kits, to measure the quality of iodized salt. In addi-
tion, an agreed international standard level of iodine in 
household salt would improve monitoring and strengthen 
regulatory systems. Protecting the stability of iodine in salt 
is also critical. Packaging salt away from moisture in low-
density polyethylene bags can significantly guard against 
losses in iodine and allow for a longer shelf life (Diosady 
et al., 1997, p. 388). Data on both internal and external 
quality control and assurance should be linked to house-
hold and school-based coverage surveys to determine 
where the gaps are and to ensure that vulnerable popula-
tions have access to adequately iodized salt.

Thirdly, engaging small-scale producers in rural areas 
living within the most deficient populations is vital. The 
formation of business alliances and associations, particu-
larly among small-scale producers, is one way to strengthen 
quality and improve sales. Collectively, these associations 
may purchase potassium iodate and package iodized salt at 
a more efficient scale. Technical assistance and equipment 
from public and private partners would assure a quality 
product reaches a larger number of people.

Fourthly, better public awareness is imperative. 
Suboptimal government enforcement coupled with weak 
public education could result in consumers not demanding 
iodized salt, unaware that it is necessary. In this scenario, 
consumers are less likely to pay the marginal price difference  
between iodized and noniodized salt. The combination of 

These successes have also required political will to 
develop and enforce appropriate regulations, and a com-
mitment to ensure that iodized salt remains accessible and 
available at an affordable price for all consumers. With 
these conditions in place, public and private actors have 
been able to work together to leverage expertise, spread 
any potential financial risks and improve the quality of 
iodized salt (Nelson 2007).
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l Continued and innovative collaboration among all stake-
holders is essential in reaching the unprotected and main-
taining high coverage elsewhere. This includes capacity 
building, equipment, robust monitoring systems, con-
sumer awareness, iodine subsidies and law enforcement.

l Going forward, partnerships between the public and pri-
vate sectors should strengthen the existing infrastructure 
and make governments and industrial operations more 
efficient.
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Abstract

As an important constituent of thyroxine (T4, tetraiodothy-
ronine) and triiodothyronine (T3), an adequate dietary 
intake of iodine is required for normal thyroid hormone 
production. Throughout the world, iodine is naturally 
present in fish, seafood and seaweed. In the United States, 
iodine intake is mostly achieved through the consumption 
of dairy products and bread, due to the use of iodine as a 
sanitizing and feed supplement in the dairy industry and as 
a dough conditioner in bread. Iodine deficiency can result 
in neurodevelopmental disorders, goiter, hypothyroxine-
mia, hypothyroidism, miscarriage, stillbirth and neona-
tal death. Therefore, global health policies are necessary to 
ensure adequate iodine supplementation, especially during 
pregnancy. The World Health Organization (WHO) and 
the International Council for Control of Iodine Deficiency 
Disorders (ICCIDD) have taken substantial measures to 
improve iodine nutrition worldwide. After the introduc-
tion of iodized salt and the inclusion of iodine in supple-
ments during the early twentieth century, iodine deficiency 
was reduced in the United States. However, despite global 
efforts, many countries still remain mildly or severely iodine 
deficient. In the United States, iodine sufficiency is moni-
tored by the National Health and Nutrition Examination 
Surveys (NHANES). Data from each of the NHANES sur-
veys indicate that Americans are not an iodine-deficient pop-
ulation according to the WHO criteria. Nevertheless, some 
subpopulations are mild-to-moderately iodine deficient. This 
chapter focuses on the current urinary iodine data reflecting  
iodine intake in the United States and other countries.

Abbreviations

DRI Dietary reference intake
FDA The US Food and Drug Administration

GM Geometric mean
ICCIDD  International Council for Control of 

Iodine Deficiency Disorders
ICP-MS  Isotope dilution inductively coupled 

plasma mass spectrometry
IDD Iodine deficiency disorders
IOM The US Institute of Medicine
NHANES  National Health and Nutrition 

Examination Surveys
RDA Recommended dietary allowance
SEM Standard error of the mean
T3 Triiodothyronine
T4 Thyroxine, tetraiodothyronine
TSH Thyroid-stimulating hormone
UI Urinary iodide
UI/Cr Urinary iodine per gram creatinine ratio
UNICEF United Nations Children’s Fund
WHO World Health Organization

Introduction

Thyroid hormones

The thyroid hormones regulate key cellular biochemical 
reactions throughout life, and are essential for the develop-
ing fetal brain, heart and lungs (Kok et al., 2001). Iodine, 
an important component of thyroid hormones, comprises 
65% of tetraiodothyronine (T4) and 58% of triiodothy-
ronine (T3) by weight. An adequate dietary iodine intake 
is required for normal thyroid hormone production and 
maintenance of a euthyroid state. All T4 and about 20% of 
T3 synthesis takes place in the thyroid gland, with approx-
imately 100 and 30 g synthesized daily, respectively. The 
remaining T3 is produced in the tissues through extrathy-
roidal deiodination of T4.
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The need for dietary iodine: serious 
consequences of iodine deficiency

Iodine is introduced into the body mostly through food, 
iodized salt, and also drinking water and milk. Dietary 
iodine is found in the form of iodide or iodate of potas-
sium, calcium, or sodium (Venkatesh and Dunn, 1995). 
When iodine requirements are not met, the production of 
thyroid hormones is reduced and the thyroid gland enlarges 
to compensate for this reduction. In adults, mild iodine 
deficiency is associated with nontoxic nodular goiter and, 
less often, with toxic nodular goiter because the constitu-
tive (thyrotropin-independent) growth and the functional 
potential of some clones of thyroid cells increase.

The most serious consequences of iodine deficiency 
are pregnancy loss and cretinism, with irreversible men-
tal retardation, neurologic dysfunction and growth retar-
dation (Glinoer 1997). Mild iodine deficiency results in 
learning disabilities, poor growth and diffuse goiter in 
school-age children. Maternal hypothyroxinemia, i.e., 
low levels of maternal T4, irrespective of the elevation of 
thyroid-stimulating hormone (TSH), in areas of severe 
iodine deficiency results in neurological cretins (Choufoer  
et al., 1965) and other mental deficits (Man et al., 1971a, b,  
1991; Man, 1972). While the motor and cognitive 
impairments of the fetus could be associated with mater-
nal hypothyroxinemia, these women were not clinically 
hypothyroid because of their relatively normal T3 and 
TSH levels (Morreale de Escobar et al., 2000).

Iodine deficiency was common worldwide. Some coun-
tries in Europe, Asia, Africa and some states of Australia 
are still iodine deficient despite major national and 
international efforts to increase iodine intake, primarily 
through the voluntary or mandatory iodization of salt.

Urinary Iodine Concentrations in the 
United States and Other Countries

Urinary iodine as a measure of iodine intake

In general, it is assumed that about 90% of ingested 
iodine is excreted in the urine, and that an equilibrium 
is established between dietary iodine intake and urinary 
iodide (UI) excretion. The measurement of UI excre-
tion can therefore provide an accurate approximation of 
the very recent dietary intake of iodine (UNICEF, 1998) 
and, therefore, is the index of choice for evaluating the 
degree of iodine deficiency and its correction (Hetzel and 
Dunn, 1989). Since the results obtained reflect recent 
dietary iodine intake, the determination of UI provides 
little useful information on the long-term iodine status of 
an individual. Due to thyroidal economy considerations, 
a relatively high UI measurement usually reflects recent 
exposure. Iodine concentrations in casual urine (spot) spec-
imens of children or adults provide an adequate assessment 

of a population’s iodine nutrition, provided a large number 
of specimens are collected. Because the frequency distribu-
tion of UI is usually skewed toward elevated values, the 
median is considered instead of the mean as indicating the 
status of iodine nutrition.

Methods for measuring urinary iodine

While several methods are available for measuring UI, the 
choice among these depends on the intended application, 
the number of samples, the cost and the technical capabil-
ity. A 24 h UI and the urinary iodine per gram creatinine 
ratio (UI/Cr) are considered more reliable laboratory tech-
niques for measuring iodine excretion, because of the wide 
day-to-day variability in iodine intake and in water con-
sumption, and the amount of time it takes for iodine to 
equilibrate, for any individual. The measurement of 24 h 
UI excretion reflects the daily ingestion of iodine. The  
UI/Cr ratios of a single voided urine sample compared  
with 24 h UI collection indicate that the random UI/Cr 
ratio is generally a reliable test for the quantification of 
iodine in individuals, and has obvious advantages in terms 
of time, cost and the patient’s convenience (Soldin, 2002).

Epidemiological and individual criteria for 
iodine sufficiency

The prediction of iodine intake is difficult, if not impossi-
ble, because the amount of iodine in individual foods and 
water can vary by a factor of 100 (Busnardo et al., 2006; 
Glinoer et al., 1995). In large populations, the stand-
ard measure of iodine nutrition is median UI excretion, 
expressed in micrograms per liter (g/l). In individuals, if 
TSH and T4 are within their normal reference intervals, 
the individual is assumed to be iodine sufficient. This can-
not be the case for populations, as a decrease in T4 and 
elevation in TSH occur only later, when iodine deficiency 
is more severe (Soldin et al., 2005). The US Institute of 
Medicine (IOM) recommendation for the dietary ref-
erence intake (DRI) of iodine is 150 g/day for adults, 
220 g/day for pregnant women, and 290 g/day for lac-
tating women. These values correspond with 70–80% of 
daily iodine intake, which often varies widely among peo-
ple in the same community or country. Thus, UI concen-
trations of 100–200 g/l correspond approximately to a 
daily intake of 150–300 g/l for adults.

World Health Organization iodine 
recommendations

The criteria for iodine deficiency in a population has been 
established by the World Health Organization (WHO), 
stating that the median UI concentration in a population 
should be greater than 100 g/l, with less than 20% of 
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the population excreting 50 g/l. The WHO has rec-
ommended that children 5 years of age or younger ingest 
90 g of iodine daily; children 6–12 years of age, 120 g 
daily; and adults, 150 g daily. The WHO estimates that 
approximately 2 billion people, including 285 million 
school-age children, still have iodine deficiency, defined as 
a UI excretion 100 g/l (Hetzel, 2002).

US National Health and Nutrition Examination 
Surveys

In the United States, iodine intake has varied over the years 
as a result of changes in the iodine content of foodstuffs. 
Because of the iodization of salt and other food products dur-
ing the 1920s, dietary iodine has generally been adequate in 
the United States (Altland and Brush 1952; Markel 1987). 
Since 1971 the population iodine intake in the United States 
has been monitored by the National Health and Nutrition 
Examination Surveys: NHANES I (1971–1974), NHANES 
III (1988–1994), and NHANES 2001–2002 (data avail-
able from 2001 to 2002) (Hollowell et al., 1998; Caldwell 
et al., 2005). The NHANES surveys are designed to give the 
national normative estimates of the health and nutrition sta-
tus of the US civilian, noninstitutionalized population. Data 
from each of these time periods indicate that Americans are 
an iodine-sufficient population as defined by the WHO, 
with median UI$100 g/l and with a UI of 50 g/l in no 
more than 20% of the population (Tables 115.1 and 115.2). 
Some concerns were raised when the median UI excretion 
of the US population between 1988 and 1994 (145 g/l) 
was less than half that observed between 1971 and 1974 
(320 g/l). This decrease in UI concentrations, reflecting a 
decrease in iodine intake, has been attributed to a decreased 
use of iodate in baking and iodophor antiseptics in animal 
husbandry (which indirectly introduces iodine into milk 
and dairy products), as well as the increased use of noni-
odized salt in manufactured foods. Salt consumption in 
the United States has also decreased due to its relationship 

with high blood pressure. Arguably, a median of 320μg/l  
is above the desired population median requirements, and 
following this decrease, the median UI in the United States 
population appears to have stabilized and is in an adequate 
range. The most recent US NHANES 2001–2002 survey 
results (Caldwell et al., 2005) reported a median UI excretion 
of 168 g/l (Statistics, 2000), which was essentially unchanged 
from the previous survey in 1988–1994 (NHANES III) 
(Table 115.3). However, the 2001–2002 survey results indi-
cate that a mean of 3.6% of women 20–29 years of age have 
shifted to a range of women who are excreting less than 20 g/
l indicating a very low iodine intake, and 27% of women 
between the ages of 40–49 years to a range of women excret-
ing less than 50 g/l.

UI was analyzed for NHANES III using the Sandell–
Kolthoff colorimetric method (Sandell and Kolthoff, 
1937), whereas isotope dilution inductively coupled 
plasma mass spectrometry (ICP-MS) was used for urine 
iodide analysis of the iodine measured in NHANES 2001–
2002 (Allain et al., 1990). Therefore, data from NHANES 
III should be compared cautiously with that obtained in 
NHANES 2001–2002 (Soldin, 2002; Caldwell et al., 
2003; Haldimann et al., 1998).

US NHANES urinary iodine measurements in 
pregnant women

Adequate maternal thyroxine (T4) supply is vital to normal 
fetal brain development. Due to an increase in T4-binding 
protein, the requirement for T4 increases by approximately 
50% during the first few weeks of the pregnancy (Glinoer 
et al., 1990; Glinoer et al., 1995). For the remaining 
period of the pregnancy T4 requirement is 150% that of 
the normal adult T4 requirement (Soldin et al., 2004), and 
therefore the requirement for iodine increases. In addition, 
from mid-gestation, iodine supply for fetal T4 synthesis is 
solely provided through the maternal diet. Furthermore, 
the glomerular filtration rate is increased by about 50% 

Table 115.1 Urinary iodine percentiles in the US population NHANES III (1988–1994) urinary iodine levels (g/l) and UI/Cr (g/g)

Subgroup N 10th 25th 50th 75th 90th

Not pregnant (14–44 years) 5232 37 69 130 210 333
53 73 112 174 285

Pregnant 290 62 92 148 253 410
69 97 145 286 390

All females 5522 38 70 130 212 335
53 74 113 177 292

Males (14–44 years) 4782 55 95 155 240 375
46 65  99 157 245

Notes: (a) Based on NHANES III (1988–1994) laboratory sample, weighted to national population. (b) Excluding patients with 
thyroid disease and goiter. (c) GM – Geometric means. Weighted geometric meanstandard error of the mean (SEM) and 95% 
confidence interval.
Source: Adapted from Soldin et al., (2003).
italic numbers: UI  100  g/l; bold numbers: 50  g/l. This table illustrates those in the population (shaded in pink) who 
demonstrate less than the desired iodine dietary intake as measured by urinary iodine. At least 25% of the population in all 
subgroups had urinary iodine less than 100  g/l. 
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during normal pregnancy, leading to changes in renal 
iodide clearance. Pregnancy might also lead to goiter and 
therefore to increased renal iodide clearance (Burrow et al., 
1994). In addition to normal changes during pregnancy, 
lactation also increases the demand for maternal iodine 
intake (Glinoer, 1997; Udipi et al., 2000).

A closer look at NHANES III data indicates that more 
than 25% of pregnant women and women of childbear-
ing age had UI levels representing an iodine intake lower 
than the recommended iodine intake (Tables 115.1 and 

115.2) (Soldin et al., 2003). For women of childbearing age, 
the 2.5th–97.5th percentiles for UI concentrations were 
18–650 g/l (36–539 g/Cr), and for pregnant women, 
the ranges were 42–550 g/l (33–535 g/Cr) (Soldin et al., 
2003). A subset of pregnant women with moderate iodine 

deficiency, defined as UI levels  50 g/l, has increased from 
1% in 1971–1974 to 7% in both surveys – 1988–1994 and 
2001–2002. In the same NHANES III survey it was deter-
mined that 4.6% of the US population (age 12 and above) 
was hypothyroid (Hollowell et al., 2002).

The two most recent NHANES surveys showed that 
for women of childbearing age and pregnant women, 
the median UI excretion levels were adequate (127 and 
141 g/l, respectively, in 1988–1994; 132 and 173 g/l,  
respectively, in 2001–2002) (Table 115.3) (Caldwell  
et al., 2005). Thyroid hormone, requiring adequate iodine 
intake, is critical for neural development in utero and in 
early life. Although cretinism due to iodine deficiency is 
not a problem in the United States, subtle developmental 
delays could result from mild maternal iodine deficiency.

Table 115.2 Means and percentiles for urinary iodine levels (g/l) in the US population and UI/Cr (g/g) for females, pregnant women, 
and males 6–89 years

 
 
Subgroup

 
 
n

 
GM3SEM (95%  
confidence intervals)

 
Urinary iodine (μg/l) 
UI/creatinine (g/g)

Percentile

10th 25th 50th 75th 90th

Female (years) 11,091
 6–9 950 203.25.2 (193.0213.9) – 74 130 220 328 488

– 2586 (247270) 113 168 263 393 540
 10–11 520 178.35.5 (167.5189.7) – 72 115 185 260 425

– 1876 (176198) 84 122 171 304 483
 12–13 429 16665.9 (155.1178.9) – 66 105 170 260 405

– 1404 (132149) 67 88 144 207 295
 14–44 5522 122.01.4 (119.1125.0) – 38 70 130 212 335

– 1201 (117122) 53 74 113 177 292
 45–59 1411 97.22.5 (92.4102.3) – 29 50 100 178 302

– 1433 (138149) 61 89 134 221 355
 60–89 2259 116.222 (111.9120.7) – 40 64 118 192 328

– 1733 (168180) 72 106 161 270 414

Females, childbearing age (1444 years)
 Pregnant 290 154.06.6 (141.4167.7) – 62 92 148 253 410

– 1556 (143169) 69 97 145 286 390
 Not pregnant 5232 120.61.5 (117.7123.8) – 37 69 130 210 333

– 1181 (116121) 53 73 112 174 285
 All female 5522 12.200.14 (11.9112.50) – 3.8 7 13 21.2 33.5

– 1201 (117122) 53 74 113 177 292
Male (years) 10,439
 6–9 1025 252.05.6 (241.0263.4) – 108 162 268 395 580

– 2905.7 (279302) 133 203 282 435 629
 10–11 553 264.58.3 (248.5281.6) – 105 165 287 425 620

– 2497.2 (235264) 112 158 259 360 575
 12–13 390 202.89.3 (185.0222.4) – 85 125 193 292 465

– 1778.2 (161194) 68 106 157 266 453
 14–44 4782 147.21.7 (143.9150.7) – 55 95 155 240 375

– 1041 (102106) 46 65 99 157 245
 45–59 1312 134.43.2 (128.1140.9) – 42 79 138 220 385

– 1202.3 (115125) 52 76 113 179 289
 60–89 2377 154.62.8 (149.1160.2) – 55 92 152 258 415

– 1482.4 (144153) 63 90 136 224 365

Notes: (a) Based on the U.S. NHANES III (1988–1994) laboratory sample, weighted to national population. (b) Excluding patients 
with thyroid disease and goiter. (c) GM – Geometric means. Weighted geometric meanstandard error of the mean (SEM) and 95% 
confidence interval. (d) UI conversion factor from g/l to nmol/l   7.9.
Source: Reprinted from urinary iodine percentile ranges in the United States (Soldin et al., 2003), with permission from Elsevier.
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However, despite the overall adequacy of iodine nutri-
tion in the US population, it is important to note that 
11–12% of the general population had UI levels 50 g/l.  
Furthermore, for women of reproductive age (15–44 
years), the prevalence of women excreting iodine 50 g/l  
reached 15.3% in 1988–1994 and increased slightly to 
16.8% in 2001–2002. The same trend was observed for 
pregnant women who were included in the surveys, with 
6.9% excreting 50 g of iodine/l in 1988–1994 and 
7.3% in 2001–2002 (Table 115.4). The number of severely 
deficient pregnant women (20 g/l) has also increased 
from 0.1 to 0.4% from 1988–1994 to 2001–2002, respec-
tively (Table 115.4). This is of concern because, as described 
above, renal iodine clearance is increased by 50% during 
the pregnancy; therefore, these data may under-represent 
the percentage of iodine-deficient women than actually 
exist. Due to the variability in creatinine excretion based 
on age and ethnicity, iodine/creatinine ratios may also not 
accurately identify the number of iodine-deficient preg-
nant women.

In the United States, only 50% of prenatal multivitamin 
supplementations currently available on the market pro-
vide iodine. In addition, those multivitamin supplements 
that do contain iodine normally provide only 150 g/day, 
not the suggested DRI of 220 g/day, and may therefore 
only partially address maternal iodine requirements dur-
ing the pregnancy (IOM, 2002). Furthermore, public 
awareness of the importance of dietary iodine for pregnant 
women as early as the first trimester of pregnancy (and 
therefore prepregnancy) is lacking.

Monitoring and tracking iodine sufficiency in 
the United States

An increase in iodine intake is only the first step in the 
amelioration of iodine deficiency. The increase must 
be sustained, which has not always been the case. In the 
United States, iodine supplementation of salt and other 
foods has never been mandated by the government. 
Furthermore, the iodine content of most foods is not listed 
on package labels. The last market basket analysis for US 
iodine intake was conducted in 1982–1994, and reported 
in 1996 (Pennington and Schoen 1996). Public aware-
ness of the primary sources of iodine in the US diet and its 
importance in our daily diet has not been stressed.

Iodine nutrition outside of the United States:  
a summary

Much attention has been paid to iodine nutrition world-
wide, following the first global review on endemic goiter 
by the WHO in 1960. The WHO and the International 
Council for the Control of Iodine Deficiency Disorder 
(ICCIDD) have conducted extensive surveys, tracking the 
improvement of iodine status around the world. However, 
the goal of eliminating iodine deficiency disorders (IDD) 
set at the Special Session on Children of the United 
Nations General Assembly in 2002 has not yet been 
achieved, and the iodine status of many countries remains 
critical. Iodine intake has diminished in countries such as 
Australia, Guatemala and Morocco, because the iodization 
of salt was not monitored adequately or ceased. According 
to the WHO, as of 2004, 54 countries were iodine defi-
cient (defined as a UI 100 g/l of the general popula-
tion) using data available for 126 of 192 countries.

Differences in iodine intake between and within 
individual countries

Iodine intake is variable between and within individual 
countries for several reasons. Many geographic regions 
have iodine-poor soil resulting in iodine-poor crops and 
livestock, and eventually in low dietary iodine intake. 
The proximity to sources of seafood can also affect iodine 
intake. Region-specific diets, accessibility to iodine sup-
plements, the availability of iodized salt and the extent of 
its use in food industries, all affect a population’s iodine 
intake.

The availability of iodized salt in most households 
throughout the world increased within a decade from 
less than 10% in 1990 to more than 70% in 2000 
(Ramalingaswami, 1973). Europe (Rapa et al., 1999; Valeix 
et al., 1999; Hampel et al., 1996; Vitti et al., 2001) and 
Australia (McElduff et al., 2002; Li et al., 2001; Gunton 
et al., 1999) may still suffer from iodine insufficiency to 
some degree.

Despite assumptions about a region’s iodine intake based 
on these variables, it is of utmost importance to monitor 
actual iodine levels to identify and educate at-risk popula-
tions. For example, in a study of the Zanzibar Islands of 
Tanzania, a region assumed to have unfettered access to 

Table 115.3 Comparison of median urinary iodine levels (g/l) and UI/Cr (g/g)SE in the United States

NHANES I (1971–1974) NHANES III (1988–1994) NHANES (2001–2002)

Median (6–74 years) 3206 1453 1687
Pregnant 37335 14114 17338
Non-pregnant females (15–44 years) 29310 1274 1329

Note: The comparison of iodine sufficiency in the US population from 1971 to 2002 shows the current levels that indicate that the 
median population is iodine sufficient.
Sources: Hollowell et al., (1998); Caldwell et al., (2005).
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iodine-rich seafood and in which salt fortification has been 
legislated, great variability in iodine nutrition was observed 
between the two islands, Pemba and Unguja (Assey et al., 
2006). When data for the two islands were taken together, 
the school-age population did not appear to be iodine defi-
cient, with a median UI of 127.5 g/l measured in about 
12000 schoolchildren. However, when the data were  
separated by community, iodine levels in Unguja were 
significantly higher than those in Pemba – 185.7 g/l and 
53.4 g/l, respectively (Assey et al., 2006). This difference 
correlated with the increased availability of iodized salt, 
which was reported in 63.5% of households in Unguja but 
only 1% of households in Pemba. Despite Tanzania’s man-
dated salt iodization program, citizens in Pemba had never 
heard of iodized salt and were unaware of any deficiencies.

Even in countries with legislated salt iodization pro-
grams, salt usage is discretionary and noniodized salt, e.g., 
sea salt, is often widely available as an alternative. Also, 
many countries do not have regulations on industrial salt. 
In Turkey, for example, there is no legislation for the use 
of iodized salt for animals. Despite mandatory iodization 
of salt in Turkey beginning in 1998, some regions of the 
country still have mild and moderate iodine deficiencies. 
Iodine deficiency was demonstrated by measurement of 
TSH (normal range 4.5 mIU/l) in a study by Kurtoglu 
et al. (2004). The iodine status of mothers and newborns 
was observed 5 days after parturition. The median UI 
of mothers and their neonates was 30.2 and 23.80 g/l, 
respectively, indicating moderate deficiency. Cord serum 
TSH levels suggest that this deficiency may be chronic, as 
27% of the infants had values 10 mIU/l.

Similarly in India, in a 1998–1999 survey the ICCIDD 
reported that 70% of the population consumed some sort 
of iodized salt. However, in a study (Gupta et al., 2006) 
of 175 healthy mothers and infants in New Delhi, 34% 

of mothers and 21% of their exclusively breast-fed infants 
had UI levels 100 g/l. The salt available to the mothers 
was fortified with iodine 15 ppm of the mandated level 
in India. These studies make it clear that even the areas 
with legislated iodization still require education on the 
need for appropriate and timely iodine supplementation, 
especially for women of reproductive age.

Teng et al. (2006) explored the effect of iodine intake on 
thyroid diseases in China. Baseline characteristics of three 
populations were established in three communities in 1999 
and then again 5 years later. The communities had differ-
ent levels of iodine nutrition: mild deficiency; more than 
adequate; and excessive intake. Salt iodization had been 
implemented in China in 1996. In the general population, 
median UI increased from 165 g/l in 1995 to approxi-
mately 300 g/l in 1999. The concern was with oversupple-
mentation of iodine to a level that is more than adequate, 
in a region in which iodine intake was previously mildly 
deficient, which in turn may accelerate the development of 
subclinical hypothyroidism to overt hypothyroidism. High 
levels of iodine intake may increase the incidence and prev-
alence of autoimmune thyroiditis, making it imperative to 
tailor supplementation needs to each region.

The ICCIDD, The United Nations Children’s Fund 
(UNICEF) and the WHO are dedicated to eliminating 
iodine deficiency, monitoring iodine levels and sustain-
ing optimal iodine nutrition (Atland and Brush, 1952; 
Markel, 1987; UNICEF, 1998; ICCIDD, 2006). In the 
last decade there has been substantial progress toward the 
elimination of iodine deficiency, reflecting the validity of 
the strategy based on salt iodization and iodine supple-
mentation (WHO, 1999).

Table 115.5 summarizes the world’s iodine nutrition. 
There is a large variation between countries, and even 
within different areas of particular countries (e.g., Iran and 

Table 115.4 Comparison of medians, UI concentrations, and UI/Cr for women of reproductive age (15–44 years) and during preg-
nancy, US NHANES, 1988–1994 and 2001–2002

Median

Levels 1988–1994 (n  5057) 2001–2002 (n  553) 1988–1994 (n  348) 2001–2002 (n  126)

Non-pregnant women (15–44 years) Pregnant women
UI g/l 127.0 132.0 141.0 172.6
UI/Cr g/g 111.9 126.9 132.2 166.2

% 100  g/lSE1 % 100  g/lSE
UI g/l 36.51.5 38.03.7 28.54.0 37.77.8
UI/Cr g/g 43.31.7 38.22.5 30.33.7 24.67.3

% 50  g/lSE % 50  g/lSE
UI g/l 15.31.2 16.83.0 6.91.9 7.32.9
UI/Cr g/g 8.40.9 5.11.1 5.11.9 12.17.1

% 20  g/lSE % 20  g/lSE
UI g/l 2.90.5 1.90.6 0.10.1 0.40.4
UI/Cr g/g 0.70.2 0.40.4 0.00.0 0.00.0

Note: SE, standard error; percentiles marked in bold face reflect a deterioration relative to values recorded in NHANES III.
Source: Adapted from Caldwell et al., (2005) with permission.
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China) with respect to iodine nutrition. All table salt pack-
aged in Canada, and about 50% of table salt in the US is 
iodized. The Americas and China have the highest number 
of households consuming iodized salt and the lowest pro-
portion of its population with an insufficient iodine intake. 
Some areas, such as Europe, have the lowest household 
consumption of iodized salt and the highest proportion of 
the population with an insufficient iodine intake (WHO/
UNICEF/ICCIDD, 1999). Within the continents and 
within countries there are large variations, depending on the 
geography and on supplementation policy and monitoring. 
Pregnant women and school-age children should be moni-
tored more closely, as deficiency in these populations can 
result in more profound repercussions. The later chapters in 
this book will discuss these special populations separately.

Summary

The NHANES III (1988–1994) and NHANES 2001–2002, 
an ongoing survey representative of the US population, meas-
ure UI excretion. It was determined that the US population is 
iodine sufficient according to the WHO criteria (Hollowell et 
al., 1998). Some subsets of the US population, however, espe-
cially women of childbearing age, had an increased prevalence 
of mild iodine deficiency. Despite the stabilization of median 
UI in the United States, a subset of the general population is 
still moderately or severely iodine deficient, especially among 
pregnant and lactating women (Tables 115.1 and 115.2).

During pregnancy and breast-feeding, both fetus and 
neonate are dependent on maternal thyroid hormones, 
of which iodine is an essential component. Thyroid hor-
mones regulate key biochemical reactions, are essential for 

metabolism and growth, affect the developing brain, and 
are important in maturation of the fetal heart and lungs 
(Kok et al., 2001). Accordingly, the US IOM has recom-
mended a higher recommended dietary allowance (RDA) 
of 220 and 290 g iodine during pregnancy and lactation, 
respectively. Insufficient maternal iodine supplementa-
tion results in reduced T4 production and availability to 
the fetus, which can cause irreversible fetal brain damage. 
Iodine deficiency is commonly considered the world’s most 
preventable cause of mental retardation.

In a study of 100 healthy pregnant women in the Boston 
area, 9% were moderately iodine deficient (50 g/l) and 
49% had values below the RDA for pregnancy (an intake of 
approximately 220 g/day corresponds to a UI of 150 g/l) 
(Pearce et al., 2004b). Similar studies of lactating women 
also point to inadequate iodine nutritional intake in many 
women. In one study, 44% of women sampled had breast-
milk iodine levels below 160 g/l (Pearce et al., 2004a), 
while another observed a median breast-milk iodine value 
of 33.5 g/l (Kirk et al., 2005). Although the reason these 
values are so different is unclear, both of these studies found 
breast-milk iodine levels well below the 110–130 g needed 
per day for infants 0–12 months, according to the US IOM.

Even though the use of iodized salt is quite com-
mon in the United States, it is hard to ignore the marked 
decrease from the median 320 g/l in NHANES I, as it is 
in agreement with the Total Diet Study of the US Food 
and Drug Administration (FDA) that reported a parallel 
decrease in iodine consumption over the same time period 
(Pennington et al., 1995). It is therefore concerning that 
most consumers are unaware of the health risks of low 
iodine consumption. In particular, women of childbearing 

Table 115.5 Summary of the world’s iodine nutrition 2002

Africa (SS) Americas Asia/Pac
E Eur/C 
Asia China/Far east

Middle East/
North Africa SE Asia W/C Europe Total

Population (millions) 633 835 662 287 1309 514 1269 580 6089
Number of countries 44 25 14 15 3 19 7 32 159
Iodine nutrition

By population (millions)
 Deficient 262 49 467 284 25 304 1267 376 3034
 Sufficient 311 757 68 3 1284 210 2 204 2839
 Excess 54 29 127 0 0 0 0 0 210
 Unknown 6 0 0 0 0 0 0 0 6

By population, distribution (%)
 Deficient 41 6 71 99 2 59 99 65 50
 Sufficient 49 91 10 1 98 41 1 35 47
 Excess 9 3 19 0 0 0 0 0 3
 Unknown 1 0 0 0 0 0 0 0 0

By number of countries
 Deficient 25 6 9 14 2 9 6 13 84
 Sufficient 18 18 4 1 1 10 1 19 72
 Excess 1 1 1 0 0 0 0 0 3

Notes: Africa (SS), Sub-Saharan Africa; Asia/Pac, Asia/Pacific; E Eur/C Asia, East Europe and Central Asia; SE Asia, Southeast Asia; 
W/C Eur, West and Central Europe.
Source: Adapted from: ICCIDD, 2002 with permission; www.iccidd.org.

www.iccidd.org
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age are uninformed of the neurodevelopmental risk to the 
baby if iodine intake in their diet is not adequate.

Adequate amounts of iodine should be included in all 
standard prenatal multivitamin formulations. In addi-
tion, multivitamin supplements should provide at least the 
suggested DRI of 220 g/day to address maternal iodine 
requirements in pregnancy (Institute of Medicine, 2002). 
Furthermore, it is important to make every woman of 
fertile stage aware of the importance of adequate dietary 
iodine for pregnant women as early as the first trimester 
of pregnancy and most importantly during prepregnancy. 
Public awareness of the primary sources of iodine in the 
US diet and its importance in our daily diet has not been 
stressed. The iodine content of most food products is not 
listed in the ingredient list on package labels, and changes 
in the iodine content in certain food products are unan-
nounced. In fact, the market basket analysis for the US 
iodine intake conducted in 1982–1994 was reported in 
1996 (Pennington and Schoen, 1996). There is no legisla-
tion regarding iodine fortification of foods, and salt iodiza-
tion is not regulated.

While the world is fast progressing toward the elimina-
tion of IDD, there is a somewhat passive attitude toward 
iodine intake in the United States. Some countries regu-
late the iodization of salt, thereby increasing iodine intake. 
Many other countries have mandated specific iodine lev-
els in certain products. Iodization of salt is not manda-
tory in the United States, and the mandatory nutritional 
facts label on packaged food in the United States does 
not include the iodine content nor does it indicate the 
RDA (DRI) for iodine. In addition, it is not required of 
food manufacturers to report iodine content changes in 
such products as iodized salt, dairy products, cereals and 
baked goods. Most importantly, there is no public aware-
ness regarding the crucial importance of iodine. Pregnant 
women may not be aware of the threat to the development 
of their fetus when the iodine content in their diet is too 
low. Nor is there public awareness regarding dietary iodine 
content values necessary for the nursing baby, growing 
infant and maturing child.

When the thyroid is iodine-deficient, the threat of 
absorption of radiation is much higher. The explosion at 
the Chernobyl reactor spread radiation readily absorbed 
by the thyroid gland, leading to cancers unless victims 
received pretreatment with iodine. These issues add to 
concerns regarding appropriate iodine intake by all. The 
health authorities and other government institutions, and 
private industries, need to ensure that salt iodization is 
extended in all target communities throughout the coun-
try, particularly newborn, children, pregnant and lactating 
women, women of reproductive age, vegans and the most 
disadvantaged. The surveillance and monitoring systems to 
ensure adequate individual iodine status must be effective, 
together with public awareness, intensive education and 
social marketing.

Summary Points

l In the United States, iodine intake is mostly achieved 
through the consumption of dairy products and bread, due 
to the use of iodine as a sanitizing and feed supplement in 
the dairy industry and as a dough conditioner in bread.

l As a result of changes in the iodine content of food 
products in the United States, iodine intake has varied 
over the years.

l Since 1971 the population iodine intake in the United 
States has been monitored by the NHANES I (1971–
1974), NHANES III (1988–1994) and NHANES 
2001–2002.

l Data from the NHANES I–III surveys indicate that 
Americans are not an iodine-deficient population 
according to the WHO criteria. Nevertheless, some 
subpopulations are mild-to-moderately iodine deficient 
with median UI $ 100 g/l and with a UI  50 g/l in 
no more than 20% of the population.

l More than 25% of pregnant women and women of 
childbearing age had UI levels representing an iodine 
intake lower than the recommended level.

l The 2001–2002 survey results indicate that a mean 
of 3.6% of women 20–29 years of age have shifted to 
a range of women who are excreting less than 20 g/l 
indicating a very low iodine intake, and 27% of women 
between the ages of 40–49 years to a range of women 
excreting less than 50 g/l.
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Abstract

Elderly subjects have an increased risk of both hyper- and 
hypothyroidism depending on the level of iodine intake, 
and iodine intervention programs may primarily affect the 
elderly with long-standing thyroid nodules. In Denmark, 
4 years of fortification have resulted in an approximately 
optimal iodine intake, apparently without adverse effects, 
in elderly people. Information about iodine intake in eld-
erly Europeans is limited, especially from eastern Europe, 
and in subjects aged more than 80 years. The impression 
from the available studies is that elderly Europeans, in gen-
eral, have the same level of iodine intake as the rest of the 
population. Because of age-related decreased energy and 
nutrient intake, elderly subjects with low energy intake 
have an increased risk of insufficient iodine intake com-
pared to the rest of the adult population. The iodine intake 
from supplements should be taken into account when the 
level of iodine intake is estimated.

Abbreviations

TSH Thyroid-stimulating hormone
DanThyr  The Danish Investigation of Iodine 

Intake and Thyroid Disease

Introduction

The assessment of iodine intake and status is impor-
tant in elderly subjects. Mild-to-moderate iodine defi-
ciency is associated with a high incidence and prevalence 
of goiter and nodular hyperthyroidism in middle-aged 
and elderly subjects (Laurberg et al., 1991; Pedersen  
et al., 2002). In populations with high iodine intake, there 
is an increased risk of hypothyroidism, especially among 

the elderly, where some degree of thyroid autoimmunity 
is common (Laurberg et al., 2005). An important risk 
group for excessive iodine intake is that of elderly subjects 
with multinodular toxic goiter, with increased thyroid 
hormone synthesis in autonomous nodules developed dur-
ing a period of low iodine intake (Laurberg et al., 2001). 
But also among the elderly with thyroid autoimmunity, 
excess iodine intake (e.g., in the form of kelp/seaweed or 
other over-the-counter natural products) should be dis-
couraged (Laurberg et al., 2005). Thus, iodine-induced 
hyperthyroidism may occur in the early phase of iodine 
intervention programs and primarily affect the elderly with 
long-standing thyroid nodules. However, as it is transient, 
its incidence seems to revert to normal after 1–10 years  
(de Benoist et al., 2004).

Iodine intervention programs supplying iodized salt are 
presently available in most European countries, compulsory 
in some countries and voluntary in others. In Denmark,  
fortification of salt was prohibited up to 1999.

Methods of Assessment

Iodine intake can be measured by assessing dietary intake 
and/or by measuring iodine excretion in the urine. 
Measurement of iodine in 24-h urine samples is the most 
precise way of estimating iodine intake in a group, but is 
not practical in larger surveys. Instead, iodine excretion 
in casual urine samples is often measured and expressed 
as either a concentration or a iodine:creatinine ratio 
(Rasmussen et al., 2002).

The recommended daily iodine intake for adults is 150 g 
(FNB, 2000; Becker et al., 2004). This intake corresponds 
to an excretion of around 135 g iodine in a 24-h urine 
sample, as approximately 90% of iodine intake is excreted 
in urine. If the volume of urine is 1.5 L, the average  
urinary iodine concentration would be 90 g/l.
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1140 Other Causes of Hypothyroidism

According to the WHO (2001) the iodine status of a 
population is adequate if the median urine iodine con-
centration is 100 g/l, and if no more than 20% of the 
population have urine concentrations 50 g/l.

Surveys of Iodine Intake in the Elderly

As recommended by the WHO (2001; de Benoist et al., 
2004), most surveys on iodine status and deficiency world-
wide are conducted in school-aged children. Thus, stud-
ies with elderly subjects are scarce and information about 
iodine intake in the very old (80 years) is, to our knowl-
edge, not available. Especially in eastern Europe, informa-
tion about iodine intake in the elderly is scarce.

A Danish study of iodine intake in elderly men and 
women was made in 1988 after a number of studies had 
suggested that the iodine intake in Denmark has been sta-
ble and relatively low for the last 30 years (Pedersen et al., 
1995). All subjects were born in 1920 and were thus 68-
years old at the time of the study. Iodine was measured in a 
spot urine sample collected in the morning. Careful inves-
tigation of the intake of supplementary iodine was taken 
into account, which none of the previous studies had done. 
The median urine excretion was 42 g/l, which indicates 
moderate iodine deficiency (see Table 116.1). Analyses 
among users and nonusers of daily iodine supplements 
indicated that the basic level of iodine intake was over-
estimated if individual iodine supplementation was not 
taken into account. About half of the population took no 
supplements.

These elderly subjects with long-standing relatively low 
iodine intake were compared to the elderly in Iceland, 
with long-standing relatively high iodine intake (Laurberg 
et al., 1998). Among nonusers of iodine supplements in 
subjects from Iceland and Denmark, the iodine excre-
tions were 150 and 38 g/l, respectively (see Table 116.1). 
Abnormalities in thyroid function were common in both 
countries, with 13.5% of the subjects from Denmark and 
19% from Iceland having serum thyroid-stimulating hor-
mone (TSH) values outside the reference range; the pre-
dominantly low TSH values in Denmark indicated thyroid 
hyperactivity, whereas high TSH values in Iceland indi-
cated impaired thyroid function.

In 1995, the iodine intake and the occurrence of iodine-
deficiency disorders in Denmark were evaluated by a 
working group. The working group concluded that the 
population had mild-to-moderate iodine deficiency that 
varied geographically with the iodine content of groundwa-
ter. Iodine deficiency correlated with a very high prevalence 
of goiter and hyperthyroidism, especially in elderly subjects 
(Rasmussen et al., 1996). Thereafter, a monitoring program, 
The Danish Investigation of Iodine Intake and Thyroid 
Disease (DanThyr), was initiated, before iodization of salt 
was introduced in Denmark (Laurberg et al., 2006).

The Danish National Dietary Survey from 1995 
(Andersen et al., 1996) found a median iodine intake of 
107–136 g/day among the 55–80-year-old subjects (Table 

116.1). Baseline data from DanThyr among 60–65-year-
old men and women found median iodine intake without 
iodine supplements to be 107 g/day for men and 121 g/
day for women, which is slightly lower than the iodine 
intake assessed in the national survey before iodization 
(Table 116.1).

Mandatory iodine fortification of table salt and salt 
in bread was initiated in 2000–2001 (Laurberg et al., 
2006), and the Danish National Survey of Dietary Habits 
and Physical Activity 2000–2002 (Lyhne et al., 2005) 
 subsequently found the median iodine intake among  
55–75-year-old subjects to be 153–187 g/day (Table 

116.1). Less than 5% of them had an intake below the 
lower limit of intake (70 g/day). These data did not 
include the intake from iodine supplements.

Urinary iodine excretion data from DanThyr from 
 subjects living in areas with relatively high iodine intake and 
relatively low iodine intake are shown in Tables 116.2 and 

116.3, respectively. They show that the estimated median 
iodine excretion after iodization seems to be sufficient.

Figures 116.1 and 116.2 show the estimated 24-h iodine 
excretion among users and nonusers of dietary supple-
ments before and after fortification. They show that even 
among nonusers of dietary iodine supplements living in an 
area with low iodine content in groundwater and thereby 
a relatively low iodine intake, the iodine intake from food 
seems to be adequate after fortification.

In a prospective study performed to evaluate the effect 
of 4 years of iodine fortification in Denmark, Vejbjerg  
et al. (2007) found a lower median thyroid volume among 
18–65-year-old subjects, independent of age and indi-
cating approximation to the optimal iodine intake in 
Denmark judged by thyroid volumes.

Nordic nationwide nutrition surveys from Iceland 
(Steingrimsdottir et al., 2003) and Finland (Manniston  
et al., 2003) have found the dietary intake of iodine 
among the elderly to be adequate (Table 116.4). In absolute 
amounts, the elderly subjects had a slightly higher iodine 
intake compared to that in younger adults in Iceland, 
while the elderly in Finland had a relatively higher iodine 
intake per megajoule compared to that in the younger age 
groups. The Danish nationwide nutrition survey found a 
slightly lower iodine intake among the elderly compared 
to that among younger age groups (Lyhne et al., 2005). 
As part of the evaluation of the iodine supplementa-
tion program in Sweden, a small study found sufficient 
iodine intake among 60–65-year-old subjects (Table 116.4) 
(Milakovic et al., 2004). In Norway, where iodization of 
cow fodder is mandatory, the nationwide dietary survey 
found the dietary intake of adults in the range to be suf-
ficient (Dahl et al., 2003).
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Table 116.1 Danish surveys among elderly subjects

Iodine excretion Iodine excretion Iodine excretion Iodine intake

Year of 
investigation Age (years) Sex N (all)

Median 
(g/l) N (suppl.)a Median (g/l) N (suppl.)b

Median 
(g/l) N

Median 
(g/day)

25thc 
(g/day)

75thc 
(g/day)

 
Method

 
Reference

1988 68 M
F

 185
 237

49
37

102
95

42
32

 55
 75

 73
 71

Pedersen  
et al., 1995

M  F  422 42 197 38 130  73

1988 68 M  F 197 38 Laurberg et al., 
1998

1982 66–70 M  F 89 150

1995 55–64

65–74

75–80

M
F
M
F
M
F

140
128
122
103
 64
 44

136
130
125
115
107
111

88
81
91
83
73
78

202
173
173
160
156
155

7-D R Andersen  
et al., 1996

1997–1998 60–65 M
F
M  F

 931
 885
1816

64
54
60

641
527

1168

54
44
50

290
358
648

102
 86
 92

773
844

107
121

79
85

142
165

FFQ Unpublished 
datad

2002 55–64

65–75

M
F
M
F

242
263
165
164

181
158
187
153

140
125
148
127

223
194
234
198

7-D R Lyhne et al., 
2005

Notes: Iodine intake expressed as iodine dietary intake and urinary iodine excretion in elderly males (M) and females (F). The early Danish surveys indicate mild-to-moderate iodine deficiency, 
even among users of dietary supplements. The 68-year-old Danes were also compared to elderly subjects in Iceland with a long-standing relatively high iodine intake. After the mandatory 
fortification of salt in 2000–2001, the Danish National Survey 2002 indicates a sufficient iodine intake among elderly subjects. N, numbers; 7-D R, 7-days food record; FFQ, food frequency 
questionnaire.
a Exclusive of dietary supplements.
b Inclusive of dietary supplements.
c Percentiles.
d Baseline data from the Danish Investigation of Iodine Intake and Thyroid Disease. Rasmussen et al., (2002).
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Table 116.3 Iodine excretion before and after iodization among elderly subjects from an area of relatively low iodine intake

Before iodization After iodization

Iodine excretion N Median 25tha 75tha N Median 25tha 75tha

Estimated 24-h (g/day)b
 Women 422 80 50 154 351 156 111 258
 Men 440 91 61 161 351 153 113 222
 All 862 85 55 157 702 154 111 240

Iodine concentration (g/l)
 Women 430 47 27 85 351 84 46 134
 Men 441 60 35 100 351 108 67 149
 All 871 53 30 91 702 94 57 142

Notes: Iodine excretion in casual urine samples expressed in two ways in 60–65-year-old subjects living in an area with a relatively low 
intake of iodine (western part of Denmark, Aalborg), before and after iodization. Even in this area, the estimated median iodine excretion 
seems to be sufficient after fortification, while the iodine concentration among elderly women appears to be borderline. Unpublished 
data from the Danish Investigation of Iodine Intake and Thyroid Disease. N, numbers.
a Percentiles.
b Estimated 24-h excretion is the iodine:creatinine ratio multiplied with the expected daily creatinine excretion for the given individual. 
Rasmussen et al., (2002).

Table 116.2 Iodine excretion before and after iodization among elderly subjects from an area of relatively high iodine intake

Before iodization After iodization

Iodine excretion N Median 25tha 75tha N Median 25tha 75tha

Estimated 24-h (g/day)b

 Women 455 126 83 221 352 175 115 281
 Men 489 130 86 210 352 182 118 276
 All 944 128 85 214 704 180 117 278

Iodine concentration (g/l)
 Women 455 64 34 115 353  94 56 156
 Men 490 69 40 113 352 121 74 170
 All 945 67 37 114 705 110 64 165

Notes: Iodine excretion in casual urine samples expressed in two ways in 60–65-year-old subjects living in an area with a relatively high 
intake of iodine (eastern part of Denmark, Copenhagen), before and after iodization. After fortification, the estimated median iodine 
excretion seems to be sufficient, while the iodine concentration among elderly women appears to be borderline. Unpublished data from 
the Danish Investigation of Iodine Intake and Thyroid Disease. N, numbers.
a Percentiles.
b Estimated 24-h excretion is the iodine:creatinine ratio multiplied the expected daily creatinine excretion for the given individual by. 
Rasmussen et al., (2002).

The nationwide survey of iodine status in reunified 
Germany (Manz et al., 2002) found an inadequate iodine 
intake, also among 50–70-year-old subjects, despite an 
increase in iodine intake for the last 20 years (Table 116.4). 
In Germany, the use of iodized salt in households and the 
food industry is voluntary, and since 1990 there has been 
a considerable increase in the production of iodized salt 
(Manz et al., 2002).

In a review of the iodine supply in the Netherlands from 
1981 to 1993, Brussaard et al. (1997a) found that there 
was no significant difference in the mean urinary excretion 
among the elderly during this period, suggesting that the 
increase in the iodine content of baker’s salt, introduced in 

1982, had not resulted in a higher mean iodine intake. 
A cross-sectional study conducted about 10 years later 
found the mean iodine intake to be sufficient among 
50–79-year-old men, while the intake among women was 
slightly lower than the recommended intake (Brussaard  
et al., 1997b). These results were confirmed by the 
observed urine iodine excretion (Table 116.4). This differ-
ence in the level of iodine intake may partly be explained 
by differences in the dietary methods, where the use of 
a 3-day record was considered to give a somewhat better 
approximation of habitual iodine intake in comparison 
with methods based on fewer number of days (Brussaard  
et al., 1997a).
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Figure 116.1 Iodine excretion in casual urine samples of  
60–65-year-old Danish subjects, who are users or nonusers of 
iodine supplements, living in an area with a relatively high intake of 
iodine (eastern part of Denmark, Copenhagen), before and after 
iodization. This figure indicates that even without supplements the 
dietary intake of iodine seems to be sufficient after iodization. The 
estimated 24-h excretion is the iodine:creatinine ratio multiplied 
by the expected daily creatinine excretion for the given individ-
ual (Rasmussen et al., 2002). Unpublished data from the Danish 
Investigation of Iodine Intake and Thyroid Disease.
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Figure 116.2 Iodine excretion in casual urine samples in  
60–65-year-old subjects, who are users or nonusers of iodine 
supplements, living in an area with a relatively low intake of iodine 
(western part of Denmark, Aalborg), before and after iodization. 
This figure indicates that even without supplements the dietary 
intake of iodine seems to be sufficient after iodization. The esti-
mated 24-h excretion is the iodine:creatinine ratio multiplied by 
the expected daily creatinine excretion for the given individual 
(Rasmussen et al., 2002). Unpublished data from the Danish 
Investigation of Iodine Intake and Thyroid Disease.
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In Switzerland, urinary iodine concentration was mea-
sured in a population subgroup before a scheduled increase 
in salt iodine content (Als et al., 2000). The subjects had mild 
iodine deficiency with the lowest urinary iodine concentration 
among women and people older than 65 years (Table 116.4).

The British nationwide dietary survey among people 
aged 65 years and over found 43% of the free-living 
 elderly to have an iodine intake, including supplements, 
below the recommended level (Bates et al., 1999). In the 
2000–2001 survey of 50–64-year-old subjects, the mean 
iodine intake without supplements, expressed as a percent-
age of the recommended intake, was 164% and 127% for 
men and women, respectively (Swan 2004).

Dietary Supplements

Increasing prevalence of the use of dietary supplements 
among elderly subjects compared to younger adults 
(Costello et al., 2004) has been reported, especially among 
women, and with a high frequency in northern Europe 
(Cruz et al., 1996; Knudsen et al., 2002). The most widely 

used dietary supplement is multivitamin/mineral products, 
including iodine (Knudsen et al., 2002).

Impressions from Dietary Surveys

Energy intake, and thereby the intake of micronutrients in 
absolute amounts, including iodine, decrease with aging 
(Moreiras et al., 1996). But generally, the dietary intake 
of healthy, elderly subjects in relative amounts (nutrient 
per megajoule) does not differ substantially from younger 
adults in the population. Iodine intake may vary from 
one country to another, depending on dietary habits, the 
iodine content in groundwater and thereby tap water and 
foods, and legal provisions.

It is difficult to compare the results (e.g., means and 
medians) of epidemiological studies because different 
methods have been used for evaluation. But it is appro-
priate to compare the levels (sufficient or insufficient) 
between the populations. Elderly subjects are normally 
at the same level as the rest of the population, e.g., they 
have a sufficient iodine intake in areas with high iodine 



Table 116.4 European surveys among elderly subjects

Iodine excretion Iodine excretion Iodine intake

Year of 
investigation

 
Age (years)

 
Sex N

Median 
(g/l)

Iodine excretion 
100  g/l N

Median 
(g/24 h) N

Median 
(g/day)

25tha 
(g/day)

75tha 
(g/day)

Dietary 
method

 
Reference

1991 50–79 M
F

 75
75

13680b

11360b
 75
75

17249b

14044b
3-D R (Brussaard et al., 

1997b)

1996 50–70 M 278 99 51% 278 117 281 136 96 145 FFQ (Manz et al., 2002)
F 288 88 58% 288 100 293 105 86 127

1997 51–65 M 41 98 (Als et al., 2000)
F 68 84

65 M 38 83
F 47 70

2000 50–69
70–74

M  F
M  F

216
293

183
228

33%
21%

(Caldwell et al.,  
2005)

2002 60–80 M
F

110
118

222
151

24-h
recall

(Steingrimsdottir 
et al., 2003)

M  F

2002 55–64 M
F

275
291

275108b

21777b
48-h
recall

(Manniston et al., 
2003)

2004 60–65 M  F 57 190 (Milakovic et al., 
2004)

Notes: Iodine intake expressed as iodine dietary intake and urinary iodine excretion in casual urine samples expressed in two ways in males (M) and females (F). Among elderly subjects in the 
Nordic countries, the iodine intake seems to be adequate, while the intake has improved in The Netherlands, Great Britain and Germany. In the latter, though, the assessed iodine intake is 
still found to be inadequate. The mild iodine deficiency in Switzerland is measured before a scheduled increase in the iodine salt content. N, numbers; 3-D R, 3-days food record; FFQ, food 
frequency questionnaire.
a Percentiles
b Meanstandard deviation.
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intake areas like the Nordic countries Iceland, Finland and 
Sweden, or they have a relatively low intake in countries 
with mild iodine deficiency. But even if the median intake 
is within an acceptable level, subpopulations with low 
iodine intake probably exist. In general, elderly subjects 
with a low energy intake are a risk group for an insufficient 
intake of micronutrients, including iodine.

Elderly subjects are prone to use iodine-containing die-
tary supplements, and the level of iodine intake is misin-
terpreted if individual iodine supplementation is not taken 
into account.

Conclusion

Elderly subjects have an increased risk of both hyper- and 
hypothyroidism depending on the level of iodine intake, 
and iodine intervention programs may primarily affect the 
elderly with long-standing thyroid nodules. In Denmark, 
a careful monitoring program of fortification with iodine 
in salt found acceptable levels of iodine intake after 4 years 
of fortification, even among elderly men and women and 
among nonusers of iodine supplements, as well as a decline 
in median thyroid volume.

Information about iodine intake in elderly European 
subjects is limited, especially from eastern Europe and 
in subjects older than 80 years. The impression from the 
available studies is that elderly Europeans, in general, have 
the same level of iodine intake as the rest of the popula-
tion. Because of an age-related decreased energy and nutri-
ent intake, elderly subjects with low energy intake have an 
increased risk of insufficient iodine intake compared to the 
rest of the adult population. The iodine intake from sup-
plements should be taken into account when the level of 
iodine intake is estimated.

Summary Points

l Both low and high iodine intakes affect the risk of thy-
roid failure in the elderly.

l Information about iodine intake among elderly 
Europeans is scarce.

l Elderly subjects seem to have the same level of iodine 
intake as the rest of the population.

l Iodine intake from supplements should be taken into 
account.

l Special attention should be on elderly subjects with a 
low energy intake and thereby a low iodine intake.
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Abstract

Iodine deficiency is the most common cause of hypothy-
roidism worldwide. There are no screening programs 
for it in England because England, as part of the United 
Kingdom, is thought to be iodine-replete based on data col-
lected between 1960s and 1970s. Iodine deficiency leads to 
hypothyroidism, and maternal subclinical hypothyroidism 
is a cause of poor neurodevelopment in the offspring. 
Data from other countries suggests that iodine deficiency 
is re-emerging. A study was conducted to determine uri-
nary iodide excretion (UIE) by measuring urinary iodide 
concentrations in pregnant and age-matched controls in 
the northeast of England. The data showed that at least 
3.5% of pregnant women had iodine deficiency and 40% 
had borderline iodine deficiency. The data suggest that 
either iodine deficiency is re-emerging or it has never been 
under control in England. Large-scale studies are necessary 
to ensure that women of childbearing age improve their 
dietary intakes and reviews of the recommended intakes 
for pregnant women are conducted. A starting point  
may be to examine iodine intake in school leavers and 
screening during pregnancy.

Abbreviations

°C degrees Celsius
DOH  Department of Health
IDD  Iodine deficiency disorders
TSH  Thyroid stimulating hormone
UIE  Urinary iodine excretion
UK  United Kingdom
mg  microgram

Background

Iodine is a trace element whose only identified role is the 
synthesis of thyroid hormones. The most important source 
of dietary iodine in developed countries is dairy products, 
partly due to the high iodine content in some cattle feed. In 

England, the dietary iodine sources include fish, cows’ milk, 
bread, salt (iodized), seaweed and other dairy products.

Dietary intake will vary from season to season and from 
one area to another, because the soil in some parts of the 
country is deficient in iodine, hence affecting the amount 
of iodine consumed by cattle. However, there is high milk 
consumption. Some parts of the country serve seaweed 
as part of the meal, especially in those areas historically 
known to be iodine deficient, such as the Peak District.

Iodized salt is not a legal requirement because the coun-
try is believed to be iodine-replete. There has also been 
a significant decrease in salt intake. This can be justified 
because of the effects of dietary sodium in the reduction of 
cardiovascular disease outcomes (Cook et al., 2007).

In addition, there has been a significant shift in eating 
patterns, with an increase in the population of vegetarians 
(Davidsson, 1999). Dietary iodine was investigated in veg-
etarians in Oxford, and it was established that such individ-
uals might be predisposed to iodine deficiency (Lightowler, 
1996). The probability of iodine deficiency disorders 
(IDD) in the group of vegetarians investigated was moder-
ate to severe. It was also established that the mean iodine 
intakes in those who consumed seaweed were greater than 
the reference nutrient intake. This study also raised issues 
of iodine intake by individuals who do not consume milk.

In a population study by Appleby (1999) measuring 
thyroid-stimulating hormone (TSH) in 48 vegetarians, 
the geometric mean was compared with that of omnivore 
women in Oxford. The TSH geometric mean value was 
found to be 47% higher in the vegans. The same study 
also found that at least five women had TSH values higher 
than the upper limit of the normal range.

A daily recommended iodine intake by the World 
Health Organization (WHO) was established at 125 g/
day in 1985. Other organizations including the Food 
and Nutrition of the National Academy of Sciences  
and the European Society for Paediatric Gastroenterology 
also recommended the daily intake.

Table 117.1 shows the variable iodine intake in parts of 
Europe, as reported by Delange (1993). The UK values 
ranged between 70 and 130 g/day, thus making the United 
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Kingdom an iodine-replete country. However, these values 
are insufficient compared with current recommendations for 
pregnant and lactating women, which should be more than 
150 g/day. Milk provides 88–168 g of iodine/250 ml. 
Based on this data, a pregnant woman would need to 
drink at least 500 ml of milk to ensure an adequate intake,  
assuming this was her only source of iodine (Table 117.2).

The United Kingdom was thought to be iodine-replete 
based on the report from the DOH (1991). Sources of 
iodine identified in the United Kingdom were milk, seafood 
and dried seaweed. Foods containing the red dye erythro-
sine were also reported to contain large amounts of iodine, 
but the bioavailability from this source was thought to be 
between 1% and 5%. Milk was the predominant source due 
to iodine-supplemented cattle feeds, especially during the 
winter months. The original intention of supplementing 
cattle feeds was the promotion of lactation in cows by using 
iodized casein. This has proved to be of benefit to humans 
in relation to iodine intakes. Iodophors that are used for 
cleaning udders and disinfecting other equipment, in addi-
tion to other medications for treating foot rot, have also 
indirectly improved the iodine content in cattle and dairy 
products.

The report of the panel on dietary reference values of the 
committee on medical aspects of food policy for the United 
Kingdom recommended 140 g/day for adults and no 
increment either during pregnancy or lactation. The panel 
had found that the calculated average iodine intake was 
255, 243 and 176 g/day for the total diet study, men and 
women, respectively (DOH, 1991; Wenlock et al., 1982).

Salt was selected as the medium of iodine supplementa-
tion on the basis that many households across the socio-
economic strata would have a uniform intake. This also 
ensured that there would be no variation in intakes across 
the seasons of the year, which is a major problem in some 
countries. Nelson et al. (1988) found that urinary iodine 
excretion (UIE) correlated well with milk content in seven 
British towns, but it was greater in February than in May. 
The supplementation is also achieved using simple technology 
and the program is believed to be one of the cheapest in 
public health terms. Although salt consumption is changing, 
monitoring of iodized salt is variable and, in some countries, 
iodized salt is no longer available.

A further study in the United Kingdom (Lazarus and 
Premawardhana, 2005) led to recommendations to opti-
mize iodine nutrition during pregnancy. The study reached 
this conclusion following a program that comprised screening 
for thyroid disease in pregnancy. This recommendation was 
meant to ensure improvement of thyroid function tests, and 
especially pregnancy and fetal outcomes. This raises two 
issues: first, determining which women need to be screened 
during the pregnancy; and secondly, the underlying etiology 
of abnormal thyroid function tests, which includes iodine 
deficiency.

The landmark study by Haddow (1999) highlighted 
the significance of maternal subclinical hypothyroidism 
and subsequent neuropsychological development of the off-
spring. In this study, samples taken from pregnant women 
were analyzed to establish the status of thyroid function 
tests. The women were classified based on the results and 
whether they had received treatment for hypothyroidism 
during pregnancy. The offspring were grouped according 
to the thyroid function result in their mothers and had a 
neurodevelopment assessment after 7 years. The subgroups 
were normal, abnormal treated (hypothyroid) and abnor-
mal not treated (subclinical hypothyroid). There was a 
significant difference in neurodevelopmental outcomes 
between normal, treated and untreated pregnant women. 
The offspring of the untreated women had a significantly 
poor outcome, and it was therefore recommended that 
screening for subclinical hypothyroidism should be done 
during pregnancy.

Table 117.1 Adult iodine intakes in Europe (1993)

Country Iodine intake (g/day)

Ireland 60–180
United Kingdom 70–130
France 30–110
Portugal 10–130
Belgium 50–60
Italy 10–130
Norway 150–250
Sweden 150–330
Finland 300
Spain 30–110

Table 117.2 Sources of iodine intake and reported intake in England

1960 1977 1991 2000

Calculated food iodine intake 86.3 g/day 323 g/day 255 g/day 176 g/day
Suggested intake 100 g/day 100 g/day 70–140 g/day 70–140 g/day
Fish and fish products 26% ? ? ?
Dairy products 19% 28% ? ?
Cereals 14% ? ? ?
Vegetables 12% ? ? ?
Erythrosine products ? 29% ? ?

Note: ?, Not known.
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A similar situation, such as subclinical hypothyroidism, 
could arise with iodine deficiency causing maternal 
hypothyroxinemia or frank hypothyroidism. Dietary iodine 
deficiency is potentially the most likely cause; therefore, it 
would be prudent to screen for iodine deficiency or optimize 
dietary iodine intake.

Morreale de Escobar et al. (2000) have performed com-
prehensive studies that support iodine deficiency, subclinical  
hypothyroidism and the effect on neurodevelopmental 
outcomes.

Thyroid hormone is essential for normal development 
of the human brain (Calvo, 1990; Morreale de Escobar et al. 
2000). Numerous factors are involved in controlling the 
levels of receptor-active thyroid hormone, and disruption 
of any of these at critical phases of human development can 
lead to severe and persistent cognitive and motor deficits 
(Haddow, 1999).

Thyroid hormone is also essential for the growth and 
development of other tissues in the body. The central  
nervous system is one of the first systems to develop very 
early during pregnancy and continues to do so several 
years after birth.

Although essential, the fetus does not make thyroid  
hormone until 12 weeks of gestation. Therefore, during 
the first trimester, the fetus is totally dependent on maternal 
supply of this hormone. The presence of adequate levels of 
thyroid hormone ensure normal formation of all organs, 
especially the brain and the thyroid gland in the fetus. 
Adequate levels depend on an adequate iodine supply to 
the mother.

Although the fetal thyroid gland would eventually take 
over the supply of thyroid hormone from 12 weeks onward, 
the fetus continues to receive thyroid hormone from the 
mother, even after the onset of thyroxine supply from its 
own gland. For a fetus with no thyroid gland, this supply 
ensures normal fetal development. It is therefore important 
to ensure adequate supply to the pregnant woman.

Improving iodine intake during pregnancy would be a 
very cheap and easier option in preventing this condition, 
which affects children’s behavior in the community and 
also their educational attainment.

It is further recognized that UIE is a good indicator of 
iodine intake in a given population, and it has been used 
as such for many of the studies mentioned in this chapter. 
UIE is considered the most appropriate outcome indicator 
for iodine deficiency under field conditions at the district 
level (Pardede et al., 1998; Andersen, 2001). It is with this 
background that we set out to determine the iodine intake 
in pregnant women in the northeast of England.

Urinary Iodine Excretion (UIE)  
in northeast England

The James Cook University Hospital is based in 
Middlesbrough in the northeast of England and serves a 

district population of 350000. It is 20 km from the North 
Sea, and dietary habits are typical of the English diet. The 
majority of the participants were Caucasians. It is an urban 
area with high indices of social deprivation, but the mater-
nity services cater to a wider population; therefore, the 
study was representative of pregnant women of all socio-
economic backgrounds.

We set out to determine the prevalence of decreased 
iodine intake according to WHO specifications in preg-
nant women at 15 weeks gestation.

A 20 ml early-morning urine sample was collected 
from pregnant and age-matched control women. The 
samples were stored at 70°C and transported frozen to 
a Southampton trace element laboratory for analysis. All 
women known to have thyroid disease or those taking any 
medications that might interfere with iodine metabolism 
were excluded from the study.

The analysis was performed by inductively coupled mass 
spectrometry. The technique involves producing an aerosol 
from a diluted sample solution, transporting this aerosol 
using argon gas into high-temperature argon gas plasma, 
and measuring the ions produced with a high-vacuum mass 
spectrometer; in this context, the plasma is an ionized gas. 
The high temperature, about 8000°C, ionizes the iodine in 
the same sample aerosol, and the ions are introduced into a 
quadruple mass spectrometer where they are measured. The 
detection limit for iodine is less than 1 g/l; hence, dilutions 
of urine samples can be used for analysis. Iodine excretion 
was expressed as iodine concentration in micrograms per 
liter, and UIE of less than 50 g/l indicates decreased iodine 
intake. The UIE was also expressed as iodine/creatinine ratio 
with a ratio of 0.05 indicating decreased intake.

Results

There were 227 pregnant and control women who con-
sented to take part in the study. The age ranges for the preg-
nant and control women were 15.9–39.2 and 15.3–39.9 
years, respectively. Figure 117.1 shows the UIE distribution 
for both groups. The distribution of iodine/creatinine ratio 
was skewed, but logarithmic transformation of the data 
showed a normal distribution. Eight of the pregnant women 
(3.5%) had an iodine/creatinine ratio of less than 0.05, and 
sixteen pregnant women (7%) had an iodine concentration 
below 50 g/l, indicating low iodine intake. Ninety of the 
pregnant women (40%) showed UIE (50–100 g/l) con-
sistent with borderline deficiency. Figures 117.2 and 117.3 
show UIE by age group, which did not show significant 
differences.

The conclusion from this study was that at least 3.5% 
of pregnant women have iodine deficiency and an even 
higher percentage (40%) have incipient iodine deficiency. 
The implications for public health are that we should  
at least screen during pregnancy and also re-examine the 
iodine intake of the population in England.
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Figure 117.2 Iodine excretion and age: no differences between 
the different ages were found.
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Figure 117.3 Log iodine creatinine ratio: no significant differ-
ences were found between the different ages.
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Figure 117.1 Distribution of urinary iodine creatinine ratio. A ratio of 0.05 and 0.05–0.10 indicates deficiency and borderline iodine 
deficiency, respectively.
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Comment

Large areas of the United Kingdom have histories of  
IDD. The southwest, midwest, and northwest are  
well-recognized areas for IDD (Kelly and Sneddon, 1960). 
Some areas, even though they are in coastal regions, are 
listed as goitrous because the iodine in the soil is not bio-
available. Derbyshire and Oxfordshire are examples of 
regions where the soil is underlain by limestone and where 

IDD was prevalent. Iodine deficiency problems are related 
to the bioavailability of iodine in the soil (Fuge, 2005); 
however, external supply can ameliorate the deficiency. 
Seaweed is commonly used as a dietary supplement, e.g., 
in Derbyshire. In a survey by Cooper (2000), 7% of 
women between the ages of 19 and 64 years were found 
to use iodine supplements and 51% drank milk. Only 1% 
of girls between 11 and 18 years were using supplements, 
and in that group, mean iodine intake was reported to be 
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155 g/day. The same report showed that 10% of 15–18-
year-olds were vegetarian or vegan. Milk consumption was 
reported to be around 15% for this age group.

Iodized salt was supposed to reduce the effect of socio-
economic status. Cooper reported that those girls with 
lower socioeconomic status had lower biochemical status.

Since 1998, there has also been a decrease in the lev-
els of salt in breakfast cereals. Salt in bread has also been 
reduced by 30%; the case is in similar cheese. Although 
the National Health Service recommended iodine supple-
ments for nursing mothers in 1995, these “welfare tablets” 
were not to be given to pregnant women.

The distribution of IDD reflects the geochemistry of 
iodine with large areas of iodine deficiency. These occur in 
central regions, and mountainous and rain shadow areas. 
Middlesbrough is less than 20 km from the sea and would 
therefore not be expected to be iodine deficient. However, 
the data from our study suggests that this is not the case 
for both pregnant and non-pregnant women.

Summary Points

l Iodine deficiency occurs during pregnancy even in areas 
with mild iodine deficiency.

l The data from northeast England show that 3.5% have 
iodine deficiency and a higher percentage (40%) have 
mild deficiency.

l This shows that iodine deficiency is not under control 
in England.

l Women in childbearing ages should have an average 
daily iodine intake of greater than 150 g.

l During pregnancy the nutrient intake for iodine should 
be increased to 200 g.

l In order to reach this goal, iodine intake levels must be 
assessed and monitored at regular intervals.

l In view of changing eating patterns (vegetarians and 
reduced salt intake) and lack of universal salt iodization, 
screening of pregnant women would help to identify 
those who are at maximum risk.
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Abstract

Germany represents an iodine-deficient region. Iodine 
deficiency was classified as moderate in the north and 
as severe in the mountain regions in southern Germany. 
Improved legislation concerning the iodization of table salt 
became effective during the 1990s. These changes contrib-
uted considerably to an increase in the use of iodized salt 
for food production. The present iodine supply for the 
population is at a lower recommended level. From an epi-
demiological point of view, Germany is currently a region 
characterized by the change from iodine deficiency to suf-
ficiency. As is typical with this change, one might expect a 
low prevalence of goiter among children and adolescents, 
while there would still be a high prevalence of goiter, 
thyroid nodules and subclinical hyperthyroidism among 
elderly people. In a representative German sample of chil-
dren and adolescents, however, relatively large thyroid vol-
umes have been found. Systematic monitoring programs 
of thyroid disorders, including measurements of urinary 
iodine excretion in population samples, allow detection 
of changes in the iodine supply and are thus an obligatory 
precondition for effective prevention of iodine deficiency.

Abbreviations

KIGGS Kinder- und Jugendgesundheitssurvey
SHIP Study of Health in Pomerania

History of Iodine Deficiency in 
Germany

Iodine deficiency represents a global concern. The World 
Health Organization (WHO) estimated in 2005 that 
2000000 individuals, including 285000 schoolchildren, 
live in iodine-deficient regions (Andersson et al., 2005). 
Heavy rainfall washes the water-soluble iodine out of  
the soil, while rivers transfer it into the sea. The ques-
tion of whether the huge amount of water from melting 

ice at the end of the ice ages further contributed to iodine  
deficiency in continental northern and middle Europe is 
debatable.

Similar to most other European countries, Germany 
is an iodine-deficient region. Disorders related to iodine 
deficiency, such as goiter and cretinism, have been a sub-
ject of fine arts for centuries (Merke, 1971). As to regional 
disparities in goiter prevalence, travelers reported 170 
years ago that thyroid enlargement was more common in 
southern than in northern Germany (Merke, 1971). The 
investigations performed by the health authorities in the 
postwar period after World War II revealed that goiter was 
particularly present in Bavarian children and adolescents 
from rural mountainous regions. In general, goiter was 
more common in local children and adolescents compared 
to subjects from eastern regions of the former German 
empire (Bauer, 1952).

In the 1970s and 1980s, a number of studies 
(Habermann et al., 1977; Heidemann et al., 1984; Meng 
 et al., 1986, 1998; Hampel et al., 2001) conducted in West 
and East Germany demonstrated that all of Germany was an 
iodine-deficient region, with iodine deficiency ranging from 
mild-to-moderate in the north to moderate-to-severe in the 
mountainous regions of the south. These findings correlated 
with the regional distribution of the prevalence of goiter and 
thyroid nodules, which was higher in the south compared 
to the north. These findings motivated the introduction of 
iodine fortification programs in both parts of Germany. In 
East Germany, a mandatory program was introduced that 
has led to a nearly sufficient iodine supply for the popula-
tion, and to the expected decrease in goiter prevalence 
among children during the mid-1980s (Meng and Scriba, 
2002). The iodine fortification program in West Germany 
was introduced on a voluntary basis and remained ineffec-
tive during the 1980s. After the reunification of Germany 
in 1989 and adoption of the voluntary principle, iodine 
intake again decreased to moderate iodine deficiency in East 
Germany. In December 1993, improved legislation con-
cerning the iodization of table salt became effective in reuni-
fied Germany. Since then, iodized salt need not be declared  
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1154 Other Causes of Hypothyroidism

for unpacked food and in public restaurants; a simple  
declaration of iodized salt in packed food is sufficient (Meng 
and Scriba, 2002).

Current Findings

The changes in legislation contributed considerably to 
an increase in the use of iodized salt for food produc-
tion. Currently, the proportion of iodized table salt sold in 
Germany is 80%. The efficacy of iodine fortification pro-
grams can be evaluated at the population level by meas-
uring the urinary iodine excretion of population samples. 
Recent studies (Rendl et al., 2001; Kabelitz et al., 2003; 
Völzke et al., 2003) demonstrated median urinary iodine 
concentrations between 100 and 180 g/l, thereby indicat-
ing that the iodine supply for the German population is at 
the lower recommended level.

From the epidemiological point of view, Germany  
represents a region that is moving from a state of iodine defi-
ciency to that of iodine sufficiency. Typically, during this 
transfer, both a low prevalence of goiter in children, and a 
high prevalence of iodine-deficiency-related disorders includ-
ing goiter, thyroid nodules and subclinical hyperthyroidism 
in elderly people can be found. While the nationwide survey 
Kinder- und Jugendgesundheitssurvey (KIGGS) (Thamm  
et al., 2007) provides data from children and adolescents  
representative of the entire country, the population-based 
Study of Health in Pomerania (SHIP) (Volzke et al., 2003) 
investigates the prevalence and incidence of thyroid disorders 
in adults in northeast Germany.

According to KIGGS (Thamm et al., 2007), the median 
urinary iodine excretion amounted to 117 g/l and is 
therefore at the lower end of the recommended range of 
100–200 g/l. Thyroid volumes of children and adoles-
cents, however, were larger than expected from the urinary 
iodine concentrations. Depending on the reference values 
used for defining thyroid enlargement, the prevalence of 
goiter among school-aged children ranged from 5% to 
30%. This clearly emphasizes the need for establishing 
reference values for thyroid volume in the German child 
population. The previously observed north-to-south gra-
dient in the prevalence of goiter seems to have reversed. 
Multivariable analyses of KIGGS data revealed that the 
risk of thyroid enlargement is lower in the south compared 
to central and north Germany. This indicates that popu-
lations living in iodine-deficient regions might be more 
aware of this problem, and thus take more care of using 
iodized table salt compared to populations from regions 
where iodine deficiency was less severe.

In SHIP, 35.9% of adults aged 20–79 years had thy-
roid enlargement (Figure 118.1), 20.2% had thyroid nod-
ules (Figure 118.2) (Völzke et al., 2003), and 11.3% had 
decreased serum TSH levels (Figure 118.3). All iodine-
deficiency-related disorders were particularly common in 
subjects aged 40 years or older. Recently, the first 5-year 
examination follow-up of SHIP has been finalized; data are 
currently being analyzed. It might be particularly expected 
that the proportion of individuals with decreased serum 
TSH levels has decreased over the past 5 years.

Iodine deficiency is the most important risk factor for 
goiter and thyroid nodules. Besides iodine deficiency, there 
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are a number of factors modulating the risk of goiter in 
populations from iodine-deficient regions. In agreement 
with other epidemiological studies (Knudsen et al., 2002), 
SHIP data indicated tobacco consumption as an impor-
tant avoidable risk factor for goiter. Compared with male 
nonsmokers, the odds for goiter in smokers increased by a 
factor of 43%. In female smokers, the odds for goiter even 
doubled (Völzke et al., 2005). Also in line with other epi-
demiological studies (Knudsen et al., 2002), the use of oral 
contraceptives among women was inversely associated with 
the risk of goiter. The inverse association between parity 

and goiter was only present in premenopausal women, but 
not in postmenopausal women, indicating that effects of 
pregnancy-related hormonal changes are only temporary 
(Völzke et al., 2005).

Problems and Challenges of Iodine 
Fortification in Germany

Political and societal changes might considerably influence 
the efficacy of iodine fortification programs (Dunn, 2000). 
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The complete breakdown of the East German iodine for-
tification program following the reunification of Germany 
certainly represents an impressive example. International 
experience also shows that an oversupply of iodine might 
have gone undetected for a long time in the absence of 
systematic monitoring programs. For example, an iodine 
fortification program had been introduced in the 1920s in 
the United States; however, it was only in the 1970s that a 
significant iodine oversupply was detected that had led to 
a high prevalence of autoimmune thyroiditis and hypothy-
roidism in the meantime (Park et al., 1981). Various other 
examples demonstrate that lack of systematic monitor-
ing programs renders iodine fortification programs inef-
fective due to changes in consumers’ behavior, market 
characteristics, or political environments (Dunn, 2000). 
Such changes give rise to a continuously high prevalence 
of iodine-deficiency-related disorders in the presence of 
iodine fortification programs. Systematic monitoring pro-
grams that include measurements of urinary iodine excre-
tion in population samples detect deviations in iodine 
supply, and are therefore a precondition for effective 
implementation of iodine fortification programs. A sys-
tematic monitoring program is aimed at for Germany, but 
it has not been established yet.

The opening of the market leads to a reduction in the 
market share of iodized salt in wholesale packages, which 
currently amounts to 30%. Regulation should be achieved 
at the EU level. Given the great variety of national inter-
ests, such regulation, however, cannot be expected in the 
near future.

Critics of iodine fortification mostly use pseudoscien-
tific arguments to produce fear of potential “complica-
tions” of iodine fortification, including intoxication, acne 
and allergies. Indeed, application of iodine might induce 
such complications, but the risk is clearly dose-depend-
ent. The amount of iodine consumed with iodized nutri-
ents is considerably lower than the iodine concentrations 
used for disinfection, as contrast agents, or for other medi-
cal indications. Likewise, there is speculation on a link 
between iodine fortification and an increased cancer risk. 
Epidemiological evidence for such a speculation is, how-
ever, lacking. In contrast, some studies suggest that high 
iodine supply might decrease the risk of breast cancer 
(Smyth, 2003). Such findings, however, have also to be 
substantiated by epidemiological studies.

Perspectives

Over the next few years, we expect further population-
based data on the prevalence and incidence of thyroid 
disorders in Germany. Thus, data analyses of the first 5-
year SHIP follow-up will be continued. SHIP is one of 
the few population-based studies with at least two thyroid 
ultrasound examinations, thereby offering the opportunity  

to investigate the determinants of thyroid growth and 
nodule formation. In 2008, data collection of two fur-
ther population-based studies in adults will be finalized: 
the Kooperative Gesundheitsstudie im Raum Augsburg 
(KORA) conducted in south Germany and the Heinz 
Nixdorf Recall Study in the Ruhr area of West Germany. 
There will also be follow-up investigations of the KIGGS. 
More than 90% of the participants would be reinvited. In 
all German epidemiological studies on thyroid diseases, 
highly standardized methods are applied. In addition, there 
are numerous collaborations among the studies, such as 
common certifications of ultrasound investigators, allow-
ing valid comparisons among the studies in the future.

Conclusions

Iodine fortification in Germany represents an example of 
a successfully implemented preventive strategy. The iodine 
supply is currently in the lower recommended range.  
A systematic monitoring program should be installed to 
continuously monitor the efficacy of the iodine fortifica-
tion program.

Summary Points

l Iodine deficiency had a north-to-south gradient.
l The iodine supply has been optimized in the past dec-

ade by a voluntary iodine fortification program.
l The present iodine supply of the population is at the 

lower recommended level.
l Systematic monitoring programs of thyroid disorders are 

required to detect deviations in the iodine supply, and 
are thus an obligatory precondition for the effective pre-
vention of iodine deficiency.
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Abstract

Until recently, Denmark was considered free of iodine 
deficiency disorders. It had been demonstrated that uri-
nary iodine excretion was low, with geographical variation 
now known to be caused by differences in groundwater 
iodine content. However, goiter was not a clinical problem 
in children, and a national survey of more than 350000 
schoolchildren did not support the necessity of an iodine 
fortification program. When focus turned to other parts 
of the population, the consequences of iodine deficiency 
was clear: multinodular goiter with a high occurrence of 
clinical and subclinical hyperthyroidism was extraordinar-
ily common in the elderly, and pregnant women showed 
signs of insufficient thyroid hormone production in late 
pregnancy. A program targeted to increase daily iodine 
intake by around 50 g was started by the National Food 
Agency. The DanThyr monitoring program has shown 
that the populations iodine intake has increased much as 
planned by adding iodine (13 ppm) to table salt and bread 
salt. Thyroid size and the occurrence of thyroid enlarge-
ment have diminished in all age groups. There has been a 
small increase in the incidence of overt hyperthyroidism, 
which is expected to be transient. A major concern has 
been the fear of an increase in the incidence of overt 
hypothyroidism. Until now, only a moderate increase has 
been observed in an area with formerly moderate iodine 
deficiency. National registries of the use of thyroid medica-
tion, the use of radioiodine, and surgical therapy for thy-
roid disorders have shown variations, in accordance with 
the above-mentioned developments.

Abbreviations

C1  The first population cohort investigated 
in the DanThyr program.

C1a  The C1 cohort investigated from 1997–
1998 before iodine fortification of salt

C1b  The C1 cohort being reinvestigated in 
2008 after iodine fortification of salt

C2  The second population cohort 
investigated in the DanThyr program 
2004–2005.

CI Confidence interval
DanThyr  The Danish investigation of iodine 

intake and thyroid diseases
ID Iodine deficiency
IF Iodine fortification
ns  No significant difference by statistical 

testing
TSH Thyroid-stimulating hormone
WHO World Health Organization

Before the introduction of iodine fortification (IF) of 
salt, and iodine supplementation of man and domestic ani-
mals, most European countries were more or less affected 
by iodine deficiency (ID) disorders (Kelly and Snedden, 
1960). The countries with the most severe manifestations 
were, in general, early to introduce preventive programs. 
However, some countries with only mild-to-moderate 
ID, such as Denmark, have only introduced programs 
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1160 Other Causes of Hypothyroidism

more recently. The reason for the delay in recognizing and 
preventing the problem has primarily been the complex 
nature of the interaction between iodine intake and the 
occurrence of disease in a population. The discussions pre-
ceding the introduction of IF of salt in Denmark and the 
results of the monitoring of the fortification program (the 
Danish investigation of iodine intake and thyroid diseases, 
DanThyr) illustrate this complexity.

Programs aiming at increasing iodine intake to pre-
vent disease were initiated both in the USA and in Europe 
(Switzerland) in the 1920s. The international focus on 
iodine and disease during this period led to the introduction 
of iodized salt on the Danish retail market (kelp table salt), 
with an iodine content of 10–20 ppm (microgram iodine 
per gram salt). Only addition of vitamins and not miner-
als to food was regulated at this time. No official support 
to the iodized product was given. In the 1970s at least three 
table salt products fortified with iodine were available on 
the Danish market (iodine content 10–40 ppm), but they 
only covered a few percent of the salt market. In 1974 new 
legislation required special permission to market food forti-
fied with minerals in Denmark and iodized salt was subse-
quently withdrawn from the market.

From the late 1920s onward a number of studies on 
the prevalence of goiter in various areas of Denmark were 
performed (Dalsgaard-Nielsen, 1933, 1940; Gormsen, 
1940; Rosenquist, 1943; Mathiasen, 1962; Olesen, 1966). 
Results varied and high prevalences were reported in a 
few areas. For example, Rosenquist (1943) in 1938–1940 
investigated 3947 persons including 931 schoolchildren 
in the Gudenaa valley in Jutland and reported goiter 

prevalences up to 15% in some areas. However, when 
Mathiasen (1962) in 1961 investigated 1676 schoolchil-
dren from some of the same areas, considerably lower prev-
alences were found. Thus, the general and official opinion 
was that ID had not been found in Denmark. In the com-
prehensive review of endemic goiter worldwide published 
by the World Health Organization in 1960, Denmark was 
among the relatively few countries where endemic goiter 
had not been described (Kelly and Snedden, 1960).

In the late 1960s new focus came on iodine intake in 
Denmark. Around 1967 Munkner (1969) organized a 
nationwide collection of 24 h urine from 4585 high school 
boys aged 17–20 years. The average urinary iodine excretion 
was 64 g/24 h. There were considerable geographical dif-
ferences with higher values in the east (Sealand 74 g/24 h, 
n  2088) than in the west (Jutland 49 g/24 h, n  2084). 
These figures were subsequently confirmed in several smaller 
investigations (Pedersen et al., 1997).

The study led the Danish National Board of Health 
in 1970 to appoint an expert working group to evalu-
ate whether ID was a health problem in Denmark 
(Sundhedsstyrelsen, 1975). The group organized a large 
survey of Danish schoolchildren according to the WHO 
recommendation. A total of 364395 children were inves-
tigated for goiter by their local school physician. Some 
results of the study are shown in Figure 119.1. It is well-
known that clinical evaluation of small goiters is difficult, 
with low reproducibility of results. This was also found 
in this study, with very different prevalence of goiter  
reported by physicians from the same areas. Finally, it was 
decided by the working group that only goiter of clinical 
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Figure 119.1 Goiter prevalence in the national Danish schoolchildren survey performed in 1972–1973. Clinical examination for goiter 
was performed by local school doctors. The participation rate was 51% (girls, n  172 505; boys, n  177 596). Goiter was graded 
according to: 1, palpable but not visible; 2, visible and palpable; 3, neck altered, “thick”; 4, large goiter. The expert group compared results 
obtained by different investigators in the same areas and concluded that goiter grade 1 was unreliable. Results are shown for grades 2–4 
combined. As grade 2 was also found to be of considerable uncertainty, results are also shown for combined grades 3–4, which was  
considered to be the clinically important goiter. The age at first year at school was 6–7 years. Data by courtesy of the now late Dr Sigurd 
Eskjaer Jensen, who was a member of the 1970–1975 expert committee on iodine deficiency in Denmark. Sundhedsstyrelsen, (1975).
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importance (goiter with change of shape of the neck) was 
reliable, and this was not common (Figure 119.1). There 
was some correlation between goiter prevalence and the 
urinary iodine values published by Munkner (1969), but 
no pockets of high goiter prevalence were identified, and 
overall the prevalence of clinically important goiter was 
well below 5%. The study confirmed the opinion among 
the experts that goiter in children was not a problem in 
Denmark. The reports published during this period on 
the side-effects of the IF program, e.g., with an increase in 
the incidence of hyperthyroidism in Tasmania (Connolly  
et al., 1970; Stewart et al., 1971; Vidor et al., 1973) were 
also taken into account by the group. In 1975 the working 
group recommended that there should be no iodization 
program in Denmark (Sundhedsstyrelsen, 1975).

In 1982 an application was received by the National 
Board of Health for an authorization to place table salt 
fortified with iodine on the market. As food policies were 
that vitamins and minerals should not be added to food 
without documentation of a need for this, no authoriza-
tion was given. However, it was legal to add iodine (mostly 
150 g) to vitamin-plus-mineral tablets, and such supple-
ments were (and are) taken by a considerable part of the 
population (Knudsen et al., 2002d).

In the 1980s and early 1990s more and more data accu-
mulated on low-iodine intake in Denmark and on the 
consequences for health. In particular, it was shown that 
even if goiter was not a clinical problem in children, it was 
a major problem in elderly subjects, and this was accom-
panied by a high incidence of hyperthyroidism caused by 
multinodular toxic goiter. In a study of subjects 68 years 
of age living in the commune of Randers in Jutland, 1 
out of 8 of the women had either been operated on for 
goiter (8%) or had a clearly visible and palpable goiter 
(4%), 10% of the women had subclinical hyperthyroidism 
with low serum thyroid-stimulating hormone (TSH), and 
1 out of 30 had undiagnosed (mostly mild) overt hyper-
thyroidism as judged from biochemical testing (Laurberg 
et  al., 1998). Elderly women in Sealand also had a high 
prevalence of goiter (Nygaard et al., 1993).

Another area of focus was pregnant women and their 
newborn (Pedersen et al., 1990, 1993; Nøhr et al., 1993, 
1994). Women not receiving iodine supplements had a 
gradual increase in serum TSH during pregnancy (Weeke 
et  al., 1982) that was prevented by iodine supplements 
(Pedersen et al., 1993).

Therefore, the Danish National Food Agency in 1994 
took the initiative to re-evaluate the need for an iodine 
enrichment program in Denmark (Rasmussen et al., 1996).

Report on Iodine Deficiency in 
Denmark

A working group was established including representatives 
of the National Food Agency and the National Board of 

Health, and external experts in the fields of nutrition and 
toxicology, as well as specialists in thyroid diseases and 
iodine. The conclusions of the report were:

1.    The majority of the Danish population of all ages  
suffered from mild-to-moderate ID.

2. This resulted in excessive rates of nontoxic and multi-
nodular toxic goiter in adults, with the highest rates in 
elderly women.

3. Thyroid function was slightly impaired in pregnant 
women.

4. The benefits of iodine supplementation were expected 
to clearly outweigh the risks.

5. The optimal level of iodine intake to prevent thyroid 
disorders in a population may be within a relatively 
narrow range, with both lower and higher intake levels 
leading to a higher incidence of disease.

6. Therefore, the iodine-supplementation program should 
be cautious.

7. A program of monitoring was mandatory. In addition to 
regular measurement of the iodine content of iodized salt 
and checking the market share of iodized salt in Denmark, 
monitoring should include investigations of iodine intake 
and the occurrence of thyroid diseases in areas of both 
mild and moderate ID before and after fortification.

The report was published in detail in Danish 
(Rasmussen et al., 1995), with a short version in English 
(Rasmussen et al., 1996).

The monitoring program of iodine intake and thyroid 
diseases (DanThyr) was designed to secure optimal iodine 
nutrition of the Danish population, and also to improve 
knowledge on how to evaluate the iodine status of a popu-
lation. Moreover, the design would give information on 
the epidemiology of thyroid disorders in areas with differ-
ent levels of iodine intake, and the effects of an increase in 
iodine intake. An additional aim was to clarify the role of 
various environmental factors for the development of thy-
roid disease in the population, and in particular to study 
how these factors may interact with iodine intake.

Fortification of Salt with Iodine in 
Denmark

Starting from June 1998 a program of voluntary use of 
iodized salt was launched by the Danish National Food 
Agency in cooperation with salt manufacturers and the 
food industry (Figure 119.2). The public was informed in 
several ways about the state of ID in Denmark and the 
beneficial effects of using iodized salt. The target of the 
program was to increase the iodine intake of the aver-
age Dane by around 50 g/day, and it was expected that 
80% of household salt and salt used by the food industry 
would be iodized. This corresponds to an average intake of 
iodized salt of around 6–7 g/day, and the amount of iodide 
added to salt was therefore, set to 8 ppm.
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After 2 years, it turned out that only around half of 
household salt and practically no salt used by the food 
industry were iodized. The estimated average increase 
in daily iodine intake was well below 10 g. Therefore, a 
mandatory program was introduced during the period 
July 2000–April 2001 (Figure 119.2). Household salt and 
salt used for the production of bread were to be iodized 
(Fødevareministeriet, 2000).

The intake of iodized salt by this program was estimated 
to be around 4 g/day, and the iodization level was set to 
13 ppm. Bread is a staple food in Denmark, and simulation 
studies performed by the Danish National Food Agency 
based on Danish food surveys had shown that iodized salt 
in bread, in combination with iodized table salt, would 
distribute the iodine nearly as evenly in the population as 
iodization of all salt used by the food industry.

Monitoring of Iodine Intake and 
Thyroid Disorders: The DanThyr Study

The basic monitoring of iodine in salt and the use of 
iodized salt in Denmark was used to guide an early revi-
sion of the program as described above. This monitoring 
has also been the basis for the reinforcement of regulations 
for manufacturers of household salt. Measurements of the 

iodine content of samples of salt and bread collected from 
supermarkets and retail stores nationwide in 2002 showed 
that regulations were followed; 98% of rye bread and 90% 
of other breads sold in Denmark were iodized. Based on 
Danish food composition tables and investigations of 
intake of bread in Denmark, it was estimated that the 
medium iodine intake from bread had increased by 25 g/
day, and the medium total iodine intake had increased by 
63 g/day (Rasmussen et al., 2007).

Monitoring the iodine intake and the occurrence of thy-
roid disorders in the population (the DanThyr program) 
consisted of three main parts, all of which were started 
before the iodization of salt, so as to include a control 
period (Figure 119.2).

Several considerations were taken into account when 
planning the monitoring. Excessive IF may lead to an early 
large surge of hyperthyroidism in a previously iodine-defi-
cient population (Stanbury et al., 1998). To be able to detect 
and counteract such a development, a system of continuous 
monitoring of the incidence of overt hyperthyroidism was 
developed. To evaluate the long-term effects and benefits of 
iodine supplementation, this monitoring is planned to con-
tinue for a prolonged period of time, because it may take 
many years after a change in population iodine intake before 
a new steady state in the occurrence of thyroid diseases is 
reached (Barker and Phillips, 1984; Phillips et al., 1985).
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Figure 119.2 Overview of the Danish iodine fortification program and the DanThyr monitoring program. Voluntary iodine fortification 
of salt with 8 g iodine/g salt (8 ppm) was initiated in Denmark in 1998, but turned out to be inefficient. A mandatory program was intro-
duced in late 2000 and early 2001. The aim of both programs was to increase the average iodine intake by around 50 g/day. DanThyr 
was started before iodine fortification and consists of a number of cohort studies and registries as described in detail in the text. AAL, 
Aalborg; CPH, Copenhagen; DK, Denmark. To evaluate the effect at the level of individual members of society and to follow-up the thyroid 
abnormalities detected at the first cohort investigation, permission has been obtained to reinvestigate the C1b cohort in 2008. Moreover, 
patients with newly diagnosed overt hypo- and hyperthyroidism are subclassified into nosological type of disease. Carlé et al., (2006).
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A high iodine intake may be associated with a higher 
incidence of hypothyroidism in the population (Laurberg 
et al., 2001), but the level at which this occurs is unknown. 
Therefore, monitoring included the incidences of both 
overt hyper- and hypothyroidism (the DanThyr registry of 
overt hyper- and hypothyroidism).

It was neither necessary nor feasible to monitor goiter 
incidence continuously. This was to be evaluated by 
repeated investigations of cohorts (the DanThyr Cohort 
Study), including the iodine status of the population as to 
intake of an iodine-rich diet and supplements, the preva-
lence rate of subclinical thyroid disease, and possible con-
founding factors that might influence the occurrence of 
thyroid abnormalities independent of iodine intake.

Prospective detailed epidemiological studies of the 
effects of iodine supplementation on a population are 
scarce, even though several billion people in the world are 
more or less covered by some public iodine-supplementa-
tion program. Denmark presented a unique opportunity 
to monitor the epidemiology of thyroid diseases when 
changing to iodine sufficiency after a long history of mild-
to-moderate deficiency. Accordingly, we planned for the 
monitoring to be detailed and scientific, and obtained 
supplementary funding for it. The studies compared the 
eastern part of the country, with only mild ID (the city 
of Copenhagen), to the western part, with moderate defi-
ciency (the city of Aalborg) (Figure 119.3).

Finally, large amounts of data on disease therapy are 
continuously collected in various Danish national registries. 
The third part of DanThyr consists of using these data 
to compare the use of antithyroid drugs, levothyroxine, 
the number of patients treated with radioiodine, and the 
number of thyroid operations in areas of Denmark with  
different iodine intake levels before and after IF of salt.

The DanThyr Cohort Study

The first cohort study (C1a, n  4649) took place from 
March 1997 to June 1998 in and around the city of Aalborg 
in Jutland, and in Copenhagen on Zealand (Figure 119.3). 
Details on the random selection of cohorts from the pop-
ulation, participation rates, and analysis of potential bias 
caused by nonparticipation have been published (Knudsen 
et al., 2000a).

We chose to investigate women in four age intervals 
(young women, 18–22 years; women in the main repro-
ductive age, 25–30 years; premenopausal women, 40–45 
years; and postmenopausal women, 60–65 years) and 
men in the oldest age group. This was done to obtain 
maximum information from the investment of time and 
money. Participants filled out an extensive questionnaire 
on lifestyle, diseases, medication and food frequency 
(Rasmussen et al., 2001), including intake of dietary sup-
plements (Knudsen et al., 2002d). A clinical investigation 

for goiter was performed, and weight, height and blood 
pressure were measured. Subsequently, thyroid ultrasono-
graphy was performed (Knudsen et  al., 1999), and spot 
urine and blood samples were collected. Investigation took 
place in two centers at Aalborg and Bispebjerg Hospitals. 
A program of training and control of ultrasonography per-
formance (Knudsen et al., 1999), and evaluation of clinical 
investigation for goiter were used to coordinate centers.

Status before Salt Iodization

In the C1 cohort median urinary iodine concentration 
was 53 g/l in participants from Aalborg and 68 g/l in 
Copenhagen (Rasmussen et  al., 2002a), corresponding 
to the difference in groundwater iodine content (around 
5 g/l in Aalborg, 20 g/l in Copenhagen; Pedersen et al., 
1999; Rasmussen et  al., 2000). Participants who did not 
take iodine supplements had median urinary iodine con-
centrations of 45 g/l (Aalborg) and 61 g/l (Copenhagen). 
Thus, it was confirmed that participants from Copenhagen 

40–80 µg/24 h (2.9 million people)
       80–120 µg/24 h (2.3 million people)
     120–170 µg/24 h (0.2 million people)
     170–220 µg/24 h (0.01 million people)
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Figure 119.3 Geographical variations in urinary iodine excre-
tion in Denmark before iodine fortification of salt. Median urinary 
iodine excretion among inhabitants of various Danish cities before 
iodine fortification of salt, and the estimated number of people liv-
ing in areas with different levels of urinary iodine excretion. Values 
were compiled from different studies of urinary iodine excretion, 
or estimated from measurements of groundwater iodine content. 
Geographical variation in iodine intake in Denmark is mostly deter-
mined by differences in groundwater iodine content. Pedersen  
et al., (1999); Rasmussen et al., (2000).
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had mild ID, and those from Aalborg had moderate ID 
(World Health Organization, 2001). Even the subgroup 
with the highest intake of fish and dairy products (rich in 
iodine) had ID if they lived in Aalborg (Rasmussen et al., 
2002a). Milk and milk products alone contributed about 
44% of iodine intake, and ID was more severe in the 
group with low intake of milk products.

We confirmed that moderate and mild ID in a popula-
tion cause a high goiter prevalence in adults (Knudsen et al., 
2000a). This is illustrated in Figure 119.4, showing the 
occurrence of goiter by clinical examination and by ultra-
sonography in the various groups investigated. The high-
est rates occurred in 60–65 year-old women from Aalborg, 
where 13.3% knew they had goiter, 33.4% had enlarged 
thyroids by ultrasonography, 23.9% had goiter by clini-
cal examination and 5.7% had a history of previous goiter 
surgery. All values were higher in moderate (Aalborg) than 
in mild (Copenhagen) ID. In the women, thyroid size 
and the prevalence of goiter increased with age up to the  
40–45 year-old group, but not much thereafter. However, 
the prevalence of multiple thyroid nodules 1 cm 
increased with age from 15% in 40–45 year-old women 
to 25–30% in women aged 60–65 years. Around 10% of 
the elderly women had a solitary 1 cm thyroid nodule by 
ultrasonography. Median thyroid volume was larger in the 
elderly men than in the women, but all thyroid abnormali-
ties were considerably more common in the women.

Subsequent analysis of the data revealed high preva-
lences of subclinical hyperthyroidism, especially in Aalborg 
and in the elderly (Knudsen et  al., 2000b). Serum thy-
roglobulin was a very sensitive marker of thyroid abnor-
malities and of ID (Knudsen et  al., 2001a; Rasmussen  
et  al., 2002b). Tobacco smoking severely heightened the 
clinical consequences of low-iodine intake (Knudsen et al., 
2002a), and previous pregnancy also tended to increase 
the risk of goiter if iodine intake was low (Knudsen et al., 
2002b). A family history of goiter, social class and level of 
education all increased the risk of goiter (Knudsen et  al., 
2003), whereas alcohol intake (Knudsen et al., 2001b) and 
oral estrogen use (Knudsen et al., 2002c) decreased the risk. 
Thus, a number of factors should be taken into account 
when evaluating the occurrence of goiter in a population.

Status after Salt Iodization

The C2 cohort (n  3570) examined from April 2004 
to July 2005 was similar to the C1a cohort examined 
in 1997–1998 with respect to age, sex and place of resi-
dence. Again, a random sample of people living in the two 
defined areas (but born 7 years later) was drawn from the 
Civil Registration System (excluding people who partici-
pated in C1). The participation rate was 50.1% in C1 and 
46.6% in C2. The investigational programs were identical, 

35

30

25

20

15

10

5

0

Thyroid enlargement
by ultrasound

Prev. goiter
diagnosis

Copenhagen Aalborg

Palpable
goiter

P
re

va
le

nc
e 

(%
)

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

(1) W 18–22; (2) W 25–30; (3) W 40–45; (4) W 60–65; (5) M 60–65;

Years of age
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using identical equipment for ultrasonography of the thy-
roid gland and the same people performing the ultrasound 
investigations.

The median iodine excretion in a nonfasting spot urine 
in the combined C2 cohort was 101 g/l. It was 108 g/l 
in Copenhagen and 93 g/l in Aalborg. After the exclusion 
of subjects taking individual iodine supplementation the 
figures were 99 and 86 g/l, respectively. This corresponds 
to an increase in median values of 38 g/l (Copenhagen) 
and 41 g/l (Aalborg), compared to values before iodiza-
tion of salt (Vejbjerg et al., 2007).

If it is assumed that 90% of iodine intake is excreted 
in urine, and that 24 h urinary iodine excretion (g/24 h) 
roughly corresponds to spot urine concentration (micro-
gram/liter) multiplied by 1.5 (Laurberg et  al., 2007), 
an increase of 39 g/l in spot urine iodine concentration 
would correspond to an increase in daily iodine intake of 
approximately 64 g/24 h, which is close to the value esti-
mated from food analyzes (Rasmussen et al., 2007). Before 
the iodization program, the plan for IF of table salt and 
salt in bread was to increase iodine intake in the average 
Dane with around 50 g/day. Thus, the models used by 
the Danish National Food Agency (now the National Food 
Institute) to predict changes in iodine intake from data-
bases on the use of salt have been quite successful. Detailed 
studies on iodine intake in subgroups of the population 
with, e.g., different dietary habits are currently being per-
formed to see if the program gives universal coverage.

Median thyroid volume was lower in all age groups after 
IF (C2 cohort) compared to before (C1 cohort) (Vejbjerg 
et al., 2007). The largest differences were found in the area 
with previous, moderate ID (Aalborg) where thyroid vol-
ume was on average 14.1% lower. After iodization, there 
were no regional differences in thyroid volume in the age 
group less than 45 years of age. Before iodization, 17.6% 
had thyroid enlargement; after iodization, 10.9% of the 
people examined had thyroid enlargement.

Thus, this prospective study demonstrated a rather 
rapid and effective lowering of thyroid volume in all age 
groups after iodization of salt. As might be anticipated, the 
decline was largest in the area with former, moderate ID. 
The equal thyroid volumes in the two regions among the 
younger age groups indicate approximation to an optimal 
iodine intake – even if intake is still at the lower edge of 
the recommended level (Vejbjerg et al., 2007).

The DanThyr Registry of Overt  
Hypo- and Hyperthyroidism

We developed a computer-based system to register new 
cases of overt hyper- and hypothyroidism in a well-defined 
population cohort by linkage to diagnostic laboratory data-
bases. It automatically identifies previously unknown cases 
of hyper- and hypothyroidism, and records diagnostic 

activity in two geographical cohorts which cover a total of 
535 859 inhabitants (Aalborg, n  310 124; Copenhagen, 
n  225 707, as of January 1998). During the initial phase 
of monitoring, the system was carefully evaluated, as has 
been described in detail (Pedersen et al., 2002b).

In 1997–1998, before salt iodization, the incidence rate 
of overt hyperthyroidism (diagnosis verified in each indi-
vidual patient) was high in the area with the lowest iodine 
intake (Aalborg, 92.9/100 000 per year) compared with the 
area with only mild ID (Copenhagen, 65.4/100 000 per 
year). Standardized rate ratio in Aalborg vs. Copenhagen 
was 1.49 (95% confidence interval, CI 1.22–1.81). 
Hypothyroidism was in general less common, but with the 
opposite pattern in the two areas [moderate ID 26.5 and 
mild ID 40.1 per 100 000 per year, standardized rate ratio 
0.73 (0.55–0.97)] (Pedersen et al., 2002a). The difference 
in hypothyroidism incidence was caused by a 50% higher 
incidence of spontaneous autoimmune hypothyroidism in 
Copenhagen (Carlé et al., 2006).

The pattern in Aalborg is similar to previous findings 
in another part of Jutland (Laurberg et  al., 1999), and 
the differences between Aalborg and Copenhagen are 
qualitatively similar to the previously observed differences 
between Jutland, with a low-iodine intake, and Iceland, 
with a much higher iodine intake (Laurberg et al., 1998).

Incidence of Overt Hyperthyroidism 
after Iodine Fortification of Salt

The registry has enabled us to prospectively follow the 
incidence of overt hyperthyroidism in the two popu-
lation cohorts after IF of salt. At baseline, the crude 
incidence rate of hyperthyroidism (without follow-up veri-
fication of diagnosis in individual patients) in the entire 
Aalborg  Copenhagen cohort was 102.8/100 000/year. 
The incidence rate increased during IF, but became stable 
at a level about 35% above baseline (Pedersen et al., 2006).

The increase in occurrence of hyperthyroidism devel-
oped somewhat differently in the two subcohorts  
(Figure 119.5), although it was statistically significant in 
both areas (P for trend 0.001). In Aalborg, with mod-
erate ID, the increase in hyperthyroidism was more pro-
nounced, and evident before the increase in Copenhagen, 
with mild ID. Hyperthyroidism was much more com-
mon in the elderly than in young subjects, which is the 
pattern in populations with low-iodine intake (Laurberg 
et al., 1991), but the increase in the number of new cases 
had mainly occurred in younger subjects (Pedersen et al., 
2006). It is to be expected that the incidence of hyperthy-
roidism will decrease (Stanbury et al., 1998) and become 
lower than before the iodization program, because there 
will be fewer cases of multinodular toxic goiter among 
the elderly. However, there may be relatively more cases 
of hyperthyroidism caused by Graves’ disease in younger  
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people. In a comparative study between Jutland and 
Iceland the life-time risk of developing Graves’ disease 
was not much different between inhabitants, but the dis-
ease developed earlier in Iceland with higher iodine intake 
(Laurberg et  al., 1991). Further data from the DanThyr 
registry will give more insight into the disease patterns.

Incidence of Overt Hypothyroidism 
after Iodine Fortification of Salt

The few studies of incidence of overt hypothyroidism 
have shown tremendous differences between areas. It is 
at present unknown if this is caused by genetic or envi-
ronmental differences, and methodological differences 
between studies may also play a role (Laurberg, 2005).  
A high iodine intake has been shown to correlate to more 
subclinical hypothyroidism in a population (Laurberg  
et al., 1998; Szabolcs et al., 1997; Teng et al., 2006), and it 
is very important to obtain reliable figures on variations in 
overt hypothyroidism in a population after an increase in 
iodine intake.

The DanThyr registry has shown a moderate increase 
in the incidence of overt hypothyroidism (Figure 119.6). 
During the same period there has been a similar increase in 

the use of thyroid function tests in the population (Pedersen 
et al., 2007). This is to be expected, because there has been 
an increase in number of both hyper- and hypothyroid 
patients to treat and control. However, it cannot be ignored 
that there has been an increase in diagnostic activity, and 
that this may be one reason for the increase in number of 
patients. Further data from a more prolonged follow-up are 
necessary before a conclusion can be drawn on the associa-
tion between the iodization program and the incidence of 
overt hypothyroidism.

Central Registry for Surgical and 
Medical Treatment

Data from a number of central registries are currently 
being used to compare the use of antithyroid drugs and 
levothyroxine, the number of patients treated with radio-
iodine and the number of thyroid operations in areas of 
Denmark with different iodine intake levels. Before IF of 
salt, the use of antithyroid drugs was higher in the west 
than in the east part of Denmark, more people were 
treated with radioiodide, and thyroid surgery was more 
common (Jorgensen et al., 2002). This corresponds to the 
higher incidence of hyperthyroidism and high prevalence 
of goiter in Jutland, with the lowest iodine intake.

From 1999 to 2003, the quantity of antithyroid drugs 
sold increased in north Jutland and the number of patients 
treated increased. Little change occurred in Copenhagen 
(Perrild et  al., 2005). This difference corresponds to the 

Figure 119.6 Incidence rates of overt hypothyroidism before 
and after iodine fortification of salt. The incidence of hypothy-
roidism in Aalborg with previous moderate ID and Copenhagen 
with previous mild ID in three periods with different iodine intake 
compared to baseline, which is the preiodine incidence. The ver-
tical bars indicate the 95% CI to the rate. In Copenhagen the 
incidence of hypothyroidism was stable. In Aalborg, however, 
the incidence rates of hypothyroidism were significantly higher 
in both periods with mandatory ID compared to baseline, as 
one was not included in the 95% CI. Data from Pedersen et al., 
(2007).
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Figure 119.5 Incidence rates of overt hyperthyroidism before 
and after iodine fortification (IF) of salt. The incidence rate of 
hyperthyroidism in Aalborg (moderate ID) and Copenhagen (mild 
ID) before and after the first 6 years of IF of salt. Basic is the time 
before IF of salt (1997–1998), 1999–2000 is the period of volun-
tary IF, 2001–2002 is the early, and 2003–2004 is the late period 
of mandatory IF. The incidence of hyperthyroidism increased signifi-
cantly in both subcohorts during the study period. In Aalborg, the 
increase was more pronounced and came before the increase in 
Copenhagen. Aalborg: baseline vs. voluntary IF, P  0.001; vol-
untary IF vs. early mandatory IF, P  0.001; early vs. late manda-
tory IF, ns. Copenhagen: baseline vs. voluntary IF, ns; voluntary 
IF vs. early mandatory IF, P  0.001; early vs. late mandatory IF, 
ns. Statistical significance compared with baseline, *P  0.05; 
**P  0.01; ***P  0.001. Data from Pedersen et al., (2006).
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more severe increase in incidence of hyperthyroidism in 
Aalborg than in Copenhagen after iodide fortification of 
salt (Pedersen et al., 2006).

Conclusion

The monitoring of the Danish IF program has given con-
siderable information on the importance of small sys-
tematic differences in iodine intake for the occurrence of 
thyroid diseases in a population. Some other risk factors, 
such as smoking and pregnancy, seem to act via interaction 
with iodine intake, whereas others, such as alcohol con-
sumption and use of estrogens, are independent of iodine. 
Information on risk factors is useful for the guidance of 
individual patients, and it gives a basis for studying patho-
genic mechanisms. Moreover, they should be corrected 
for when studying the effect of iodine intake. DanThyr 
has verified the high occurrence of multinodular thyroid 
disease and hyperthyroidism in low-iodine intake areas. 
The program will allow a comprehensive description of 
the changes occurring in thyroid diseases in a population 
when the iodine intake is increased to a low recommended 
level from being clearly insufficient.

So far, the program has shown that it is possible to 
direct population iodine intake to be within a predicted 
interval by use of targeted iodization of food. Furthermore, 
it has illustrated the rapid and beneficial effects of even 
a relatively small increase in population iodine intake on 
thyroid size and the prevalence of goiter. It takes a long 
period from a change in the iodine intake of a population 
until a new steady state is reached in the occurrence of thy-
roid dysfunction, and it is well-known that early changes 
may be unfavorable. As there are no prolonged prospective 
studies on the effect of an iodization program on the inci-
dences of overt hypo- and hyperthyroidism in the popula-
tion, it is important to continue follow-up by the use of 
current Danish registries.

Summary Points

l Mild-to-moderate ID in a well-nourished population 
leads to a frequent occurrence of goiter and hyperthy-
roidism in the elderly.

l There may be impairment of thyroid function in preg-
nant women.

l A mandatory iodization of household salt and bread salt 
has led to a well-distributed increase in iodine intake in 
the Danish population.

l The Danish iodization program has led to a decrease in 
thyroid size and frequency of thyroid enlargement in 
practically all groups investigated.

l The expected early increase in hyperthyroidism has been 
low.

l Hypothyroidism has become slightly more common.

l Iodine intake of a population should be monitored and 
the use of iodine-containing substances in farming and 
the food industry should be regulated.
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Abstract

The environment of the Balkan countries, including 
Bulgaria, is known for its low content of iodine. The iodine 
deficiency regions comprise 1/3 of the country territory. 
The first national program for control of iodine deficiency 
disorders (IDD) was introduced in Bulgaria in 1958; how-
ever, iodine prophylaxis was interrupted during the period 
of market-oriented reforms. The strategies for prevention 
and control of IDD in Bulgaria were updated in 1994 and 
universal salt iodization and iodine supplementation for the 
population groups at risk were introduced. The results from 
studies carried out in 2005–2006 among schoolchildren liv-
ing in urban and rural areas in south Bulgaria indicated that 
about 50% of all the children had optimal iodine nutrition. 
An unfavorable result of the studies was the fact that 33.1% 
of the urban and 52.6% of the rural schoolchildren had 
more than adequate or excessive iodine intake. The impact 
of nitrate ions in drinking water on iodine status was stud-
ied by a comparison between urinary iodine level and 
goiter prevalence in pregnant women, children aged 3–6 
and schoolchildren living in a village with low nitrate con-
tent in water, and those living in a village exposed to high 
nitrate concentration in drinking water. The results of these 
studies confirmed the role of nitrates in drinking water as 
a risk factor for thyroid dysfunction. The data collected in 
the studies indicated normalization of the iodine supply in 
the risk population groups living in areas that are endemic 
for goiter in Bulgaria, as a result of the implemented strate-
gies for elimination of IDD. The results also confirmed the 
necessity for control of salt iodization and the development 
of healthy nutritional behavior and eating patterns in the 
population groups at risk.

Abbreviations

BDS Bulgarian state standard
CH Congenital hypothyroidism

CI Confidence interval
IDD Iodine deficiency disorders
OR Odds ratio
RIPCPH  Regional inspectorates for protection  

and control of public health
TSH Thyroid-stimulating hormone

Introduction

Bulgaria is situated in eastern Europe and is part of the 
Balkan iodine deficiency region. Iodine deficiency is a 
problem for the country because of some geochemical 
characteristics and the mountainous relief of a considerable 
part of its territory. In the middle of last century, 42% of 
the population lived in areas that were endemic for goiter 
(Penchev, 1961). Goiter frequency was 55.9% and around 
6000 cases of cretinism, the most severe consequence of 
iodine deficiency, were reported. The first national pro-
gram for control of iodine deficiency disorders (IDD) was 
introduced in Bulgaria in 1958. The major measure in this 
program was to supply the affected areas with iodized table 
salt (KI, 20 ppm iodine). Additional tablet supplementa-
tion was provided for schoolchildren, pregnant and lactat-
ing women. As a result of this strategy the frequency of 
goiter decreased from 56% in 1956, to 31% in 1964 and 
12% in 1974 (Ivanova, 2004).

At the beginning of the 1990s the country started com-
prehensive social and economic market-oriented reforms. 
During the following years iodine prophylaxis was sig-
nificantly neglected. Small studies carried out during this 
period caused concern about the re-emergence of the signs 
and symptoms of iodine deficiency (Lozanov, 2001). In 
1994 the frequency of goiter in selected areas was 23.4%, 
i.e., almost double that compared with 1971. The intro-
duction of a free-market economy was accompanied by 
a government decision to reorient the IDD elimination  
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policy. In 1994 the council of ministers and the chief state 
sanitary inspector issued decrees that introduced the fol-
lowing key program characteristics:

l The creation of a national interagency commission 
under the council of ministers as the supreme body for 
overall coordination of the national policy.

l Prohibition of the sale of noniodized table salt in the 
entire territory, in bakeries and the food-processing 
industry.

l Setting the national standard for iodine content in table 
salt at 28–55 ppm potassium iodate (KIO3) (16.6–
32.6 ppm iodine) (by a subsequent amendment, dated  
1 July 1996).

l Assignment of an authority for salt inspection and 
enforcement with the state health control system, i.e., 
the 28 regional inspectorates for protection and control 
of public health (RIPCPH).

l Establishment of a laboratory capacity for population 
monitoring at the national center for public health pro-
tection and for food control at the central veterinary 
institute.

l Mandating periodic cohort surveys for tracking the 
disappearance of IDD by assessments of goiter, uri-
nary iodine, neonatal total goiter prevalence and other 
 relevant indicators.

Recent monitoring by a team of international experts 
concluded that Bulgaria has succeeded in eliminating 
iodine deficiency and IDD, remaining them as medical 
and social problems of the country (Report, 2005).

Despite these successful results, the present strategy 
should be continued with regular actions established as a 
behavioral norm. In 2004, a national information campaign 
was undertaken, focused on the importance of iodized salt 
for the prevention of IDD as a medical and social prob-
lem. Special target groups of this campaign were pregnant 
women, lactating mothers, children and adolescents.  
The most important actions of this campaign were:

l Providing up-to-date information about the influence 
of iodine deficiency on fetus development during preg-
nancy, child growth and development.

l Strict control of the production, storage and stability of 
iodine in iodized salt used for the correction of IDD.

Dynamics of IDD in Bulgaria Assessed 
on the Basis of Urinary Iodine 
Concentration and Goiter Prevalence

Early epidemiological surveys 1956–1990

Goiter is the most notable clinical sign of iodine defi-
ciency. Endemic goiter is found in all countries on the 
Balkan Peninsula, including Bulgaria. Typically the goiter 

 manifests itself as diffuse hyperplasia of both the lobes and 
isthmus of the thyroid gland in children aged between 7 
and 14. Most of the clinically registered cases are predis-
posed to goiter progression, provoked by pregnancy and 
external factors, and with a tendency for a nodular trans-
formation after the fifth decade of life. Systematic inves-
tigations in Bulgaria were carried out by a scientific team 
under the guidance of academician Ivan Penchev (1961) in 
the 1950s, and a map of the prevalence of endemic goiter 
in the country was prepared (Figure 120.1). The criteria for 
the classification of a particular region in this map as either 
endemic for goiter or not, were:

l Iodine content in soil and water; and
l Epidemiological studies among 1 050 000 schoolchil-

dren aged between 7 and 18 and the inhabitants of 48 
country regions.

The frequency of endemic goiter was highest among the 
people living in the mountainous and hilly settlements of 
the Rila-Rhodope massif (in the districts of Blagoevgrad, 
Pazardjik, Smolian and others) (Balabanski, 1990).

From 1958 onward several small-scale and nationwide 
surveys have followed the dynamics of endemic goiter 
morbidity (Figure 120.2). A tendency for higher figures 
among the male population compared to the goiter inci-
dence among the female population was observed during 
the entire period.

Ioduria: a sensitive biological marker of  
iodine nutrition

Ioduria was applied in Bulgaria for the first time in 1994 
for evaluation of the iodine status of the population. 
Ivanova et al. (2001) investigated the actual iodine intake 
in Bulgaria during the period 1994–2001 by determi-
nation of iodine excretion in representative population 

Figure 120.1 Areas in Bulgaria with endemic goiter 1953–1958.  
According to Penchev, (1961).
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groups. Investigations on 217 children and pupils living in 
two endemic Bulgarian regions carried out in 1994 (before 
the recovery of iodine prophylaxis) indicated that the 
median urinary iodine was 65.4 g/l, which was an indi-
cator for iodine deficiency. The median urinary iodine of 
the inspected representative population groups after iodine 
prophylaxis recovery was between 94.6 and 145 g/l, indi-
cating that normalization of iodine nutrition had been 
reached (Table 120.1).

Figure 120.3 presents the breakdown of the categories of 
iodine deficiency in these representative groups, assessed 
on the basis of ioduria.

Results from nationwide IDD surveys 
1996–2003

A nationwide IDD survey carried out in 1996 (results pre-
sented in 1997; fully reported in 1998) for the first time 
in Bulgaria employed a combination of assessments of 
urinary iodine concentration and the presence of goiter 

in schoolchildren. The total sample size was 8445 with 
over-sampling in the previously endemic regions. Overall, 
the total goiter rate was 28.6%, including 3.5% of goiters 
greater than grade Ia (Report, 2005).

The implemented monitoring of iodine deficiency in 
Bulgaria during the period 1994–2001 assessed on the 
basis of iodine excretion and goiter rate of representative 
groups of the population indicated an increase in iodine 
intake and a decrease in individuals with low iodine 
intake. On the basis of this indicator the iodine intake of 
the population after 1994 can be considered as adequate 
and iodine deficiency successfully controlled (ICCIDD, 
WHO, UNICEF, 2001; Ivanova et al., 2001).

Figure 120.4 presents the results from a national survey 
carried out in 2003 (Lozanov et al., 2004) on the preva-
lence of goiter in children aged 7–11 in regions with and 
without iodine deficiency after the introduction of salt 
iodization. The total number of the children investigated 
by palpation in the region with iodine deficiency was 3570 
(1792 boys and 1778 girls). In the region without iodine 
deficiency 400 children (188 boys and 212 girls) were 
inspected. Mild iodine deficiency, assessed on the basis 
of goiter frequency, was found in the boys and girls from 
the iodine-deficient region. The differences between goiter 
rate of children from endemic and nonendemic areas were  
significant (P  0.05).

In 2003 the prevalence of goiter, as evaluated by ultra-
sound, was 4.3% and the occurrence of visible goiter was 
0.4%. The median urinary iodine of a representative group 
of 809 children in this national study was 192 g/l, with a 
variation from 162 g/l to 246 g/l. The relative number of 
cases with urinary iodine excretion less than 100 g/l was 
7.7%. These results indicated that IDD had been reduced 
below the level of public health significance.

The above-mentioned 2003 national survey also 
included a subsample of 355 pregnant women, aged 265 
in second half of their pregnancy, from the same regions 
where the children were sampled. Overall, the median uri-
nary iodine was 165 g/l. Urinary iodine concentration 

70

60

50

63.0%

45.5%

23.0%

37.5%

17.0%

29.3%

14.0%

5.4%

40

G
oi

te
r 

pr
ev

al
en

ce
 (

%
)

30

20

10

0
1956 1964 1974

Year

1990

Male Female

Figure 120.2 Dynamics of endemic goiter morbidity in Bulgaria 
with respect to sex during the period 1956–1990.

Table 120.1 Urinary iodine concentrations (g/l) of representative population groups in Bulgaria studied in the period 1994–2001

Index

Before iodine 
prophylaxis 
recovery After iodine prophylaxis recovery

Population  
group

Children in 
endemic area

Pregnant women  
in endemic area

Pensioners  
in Sofia

Schoolchildren – 
national survey

Children aged  
3–4 – national survey

Schoolchildren 
in Sofia

Year 1994 1995 1996 1997 1999 2001
n 217 37 36 1028 105 309
Median urinary 
iodine

65.4 123.3 94.6 111.4 111.5 145.0

Min 1.5 47.0 31.2 10.8 16.5 8.0
Max 327.0 187.8 169.0 450.0 530.0 462.0

Source: According to Ivanova et al., (2001).
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medians among pregnant women were variable and ranged 
between 148 g/l (nonendemic region) and 220 g/l 
(partly endemic region) (Report, 2005).

Screening for congenital hypothyroidism

Bulgaria has an efficient and well-functioning system for neo-
natal thyroid-stimulating hormone (TSH) screening, cover-
ing virtually all newborns in the country and aimed at the 
identification of infants requiring treatment for congenital 
hypothyroidism (CH). Systematic screening of newborns for 
CH has been ongoing in Bulgaria since 1994 with 70000 
newborns examined. The screening is routinely established 
throughout the country. Nearly 300 CH cases have been 
identified and treated through the system. Recall rates for 

CH diagnosis have been steadily falling in recent years, from 
1.8% in 1994 to 0.1% in 2004 (Report, 2005).

Iodine Nutrition in Schoolchildren 
Living in Urban and Rural Areas in 
South Bulgaria

Comparison between urinary iodine and  
goiter prevalence

Food is the basic iodine source for the man. Sixty percent 
of the daily needs are satisfied by animal products (mainly 
milk and milk products), 30% by vegetable foods (green 
stuff and some fruit) and 10% by drinking water. The socio- 
economic status and the living standard of the popula-
tion play an important role in IDD prevalence, because 
the necessary iodine is supplied by food. Differences in the 
nutrition patterns of people living in urban and rural areas 
in Bulgaria still exist. The foodstuffs in rural settlements 
are produced mainly from local sources. Therefore, it was 
interesting to compare the iodine nutrition of children 
living in urban and rural areas in Bulgaria, both of them 
endemic for goiter.

A study carried out in 2005 (Gatseva et al., 2006) 
included a measurement of urinary iodine in 483 school-
children (274 boys and 209 girls) aged between 8 and 15, 
living in the town of Pazardjik in south Bulgaria. The results 
obtained from this study showed that most of the schoolchil-
dren inspected (54.4% of the boys and 53.1% of the girls) 
had a median urinary iodine between 100 and 200 g/l,  
which was a good indicator of optimal iodine nutrition. 

Schoolchildren –
Sofia (2001)

Children (1999)

Pupils – national
survey (1997)

Pensioners (1996)

Pregnant women
(1995)

Children (1994)

0 20 40 60 80 100

Percentage of the groups with iodine deficiency

Figure 120.3 Relative percentages (%) of groups with iodine deficiency studied between 1994 and 2001. White bars – mild iodine 
deficiency (iodine  100 g/l); dotted bars – moderate iodine deficiency (iodine  50 g/l); and black bars – severe iodine deficiency 
(iodine  20 g/l).
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Figure 120.4 Goiter prevalence (%) in children aged between 
7 and 11 living in regions with (dark bars) and without (white bars) 
iodine deficiency in Bulgaria – results from a national survey car-
ried out in 2003. Lozanov et al., (2004).
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One-third of the schoolchildren had more than adequate 
or excessive iodine intake. The results from the evaluation 
of the iodine nutrition in 114 schoolchildren (59 boys and 
55 girls) aged between 11 and 14, living in the village of 
Parvenez in the district of Plovdiv in South Bulgaria were 
similar. Almost half of the inspected boys (47.5%) and girls 
(43.6%) had optimal iodine nutrition. The median urinary 
iodine was above 200 g/l, which was an indicator of more 
than adequate iodine intake. More than adequate and exces-
sive iodine intake was observed in 52.6% of the schoolchil-
dren. The data indicated normalization of iodine supply in 
the schoolchildren living in an area endemic for goiter in 
Bulgaria, as a result of the implemented strategies for elimi-
nation of IDD.

There were no statistically significant differences 
(P  0.05) between urinary iodine concentration when 
data were adjusted for sex and region, except for the group 
of children with mild iodine deficiency, between boys with 
more than adequate iodine intake and between girls with 
excessive iodine intake (P  0.05) (Figure 120.5).

The children underwent palpation of the thyroid gland 
by experts. The examination of thyroid status revealed 
that 78 (37 boys and 41 girls) of the total of 483 children  
living in an urban area had endemic goiter (Figure 120.6). 
This goiter frequency was an indicator of mild iodine defi-
ciency according to the ICCIDD, WHO, and UNICEF 
criteria (2001). The comparative analysis of goiter fre-
quency did not show significant differences between the 
boys and the girls in this group. The goiter frequency in 
schoolchildren living in a rural area also demonstrated the 
presence of mild iodine deficiency without significant dif-
ferences between boys and girls. The group living in an 
urban area showed a tendency to higher goiter prevalence 
compared with the group living in a rural area, but the dif-
ferences were statistically insignificant.

The quality of iodized salt is crucial for optimal 
iodine nutrition

Data from filled questionnaires in the above study showed 
that iodized salt had been used in the families of all inspected 
children (100%) over the last 10 years. Elevated median uri-
nary iodine in children living in both areas is most likely 
due to high levels of iodine added to salt. Hyperthyroidism 
was reported from other authors in the last years as a side-
effect of excessive salt iodization (Delange et al., 2002; Isidro 
San Juan et al., 2004; Volzke et al., 2003; Zois et al., 2003; 
Markou et al., 2003). Their findings confirm the necessity 
for the correction of iodine supplementation.

Current WHO recommendations suggest that salt 
at the point of production should contain 20–40 mg of 
iodine (or 34–66 mg KIO3) per kilogram of salt in order 
to provide 150 g/day of iodine. It is, therefore, assumed 
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that the average intake of salt per person per day is 10 g. 
The WHO/NUT (1994) and ICCIDD, WHO, and 
UNICEF (2001) recommendation is to use KIO3 because 
of its greater stability and longer shelf life. KIO3 is cur-
rently used for salt iodization in Bulgaria. Legislation is 
an important component of an IDD control program. In 
Bulgaria the legislation generally adopted calls for all the 
salt for human use to be iodized. Iodized salt that con-
forms to the standards set forth by the Bulgarian state 
standard (BDS 628-77, amendment No. 7/01.07.1996) 
should contain 28–55 mg iodine per kilogram of table salt.

Salt quality monitoring should be reinforced to ensure 
that the level of salt fortification with iodine is not too 
high, but is adequate to ensure optimal iodine nutrition. 
Salt iodine concentration, which was used in the children’s 
households, was monitored. The determination of iodine 
in table salt showed that the commercial products con-
tain iodine in concentrations very close to the upper limit: 
57.512.7 mg/kg (maximum value 79.3 mg/kg, minimum 
value 43.0 mg/kg, n  6). Only one of the analyzed samples 
was from a local producer and the others were imported 
from European and non-European countries. Therefore, 
the import of table salt should also be controlled.

Environmental Factors Stimulating the 
Manifestation of IDD

Inorganic nitrate in drinking water as a factor 
for development of endemic goiter

Unhealthy nutrition with low protein intake, consumption 
of foodstuffs containing natural goitrogens (cabbage, beet-
root, beans, etc.), chronic gastrointestinal diseases, intake 
of some medications, chronic exposure to some chemi-
cals used in agriculture and industry are among the main 
exogenous factors stimulating the manifestation of IDD. 
Environmental pollution with a number of organic and 
nonorganic chemical products (nitrates, pesticides, thio-
cyanate, phenol, etc.) determines in one or another way 
relative iodine deficiency or directly suppresses thyroid 
hormone synthesis, thus demonstrating a goitrogenic effect 
(Penchev and Varbanov, 1966; Lozanov, 1992; Veldanova, 
2000) and stimulating the manifestation and severity of 
IDD in regions with endemic iodine deficiency.

Nitrate is the most common chemical contaminant in 
the world’s groundwater aquifers harmful to human health 
(Bauchard et al., 1992; Havel, 2002). Its incorporation in 
humans takes place via drinking water and food. Increased 
nitrate intake might affect the thyroid gland function. 
The reason is that the nitrate ion ( NO3

− ) inhibits iodide 
(I) transport into the thyroid gland, because it shares 
the same transport mechanism. This inhibition could lead 
to a decrease in thyroid hormone (T4, T3) secretion, fol-
lowed by an increase in TSH. This could cause a thyroid 
gland enlargement (goiter) to occur (Eskiocak et al., 2005). 

Inorganic nitrate in drinking water has been recognized as 
a factor for enhanced endemic goiter incidence in many 
countries, including Bulgaria (Gatseva et al., 1998). In 
order to protect human health from the adverse effects of 
water contaminants, the European Union has limited the 
concentration of nitrate in public drinking water supplies 
to a maximum of 50 ppm (EEC, 1991).

Uncontrolled fertilizer application resulted in steadily 
accumulating nitrate in water resources worldwide; more 
than two-thirds of the underground water in Bulgarian rural 
areas has been affected (Gopina, 1994). However, nitrogen 
from human waste also appears to be an important source in 
rural areas lacking centralized water and sanitation systems.

People with low iodine intake or increased demand for 
iodine may be more vulnerable to inhibition of iodide 
uptake. Pregnancy puts added stress on the thyroid gland. 
Women with marginal iodine intake before and during 
pregnancy may develop clinical or subclinical hypothy-
roidism. Young children, pregnant women and school-
children are the population groups at risk that are very 
sensitive to unfavorable environmental factors, including 
nitrate-contaminated drinking water.

Iodine status of risk population groups living in 
areas with high nitrate level

The impact of nitrate ions in drinking water on iodine status 
was studied by a comparison between urinary iodine level 
and goiter prevalence in schoolchildren aged 11–14, living 
in a village with low nitrate content in water and the same 
age group of schoolchildren, living in a village exposed to 
high nitrate concentrations in drinking water (Gatseva and 
Argirova, 2005). The relative risk for the children exposed to 
high nitrate, expressed as odds ratio (OR) was 8.145 with a 
95% confidence interval (CI) 1.67–39.67; P  0.0043, and 
was considered as very significant. Statistically significant 
differences between goiter rates in exposed and nonexposed 
children (P  0.05) were found. The results of this study 
confirmed the role of high-nitrate-level in drinking water as 
a health risk factor for thyroid dysfunction.

The iodine status and frequency of goiter in children, 
pregnant women and schoolchildren living in a rural area 
with a high nitrate level in water and a low iodine content 
in the environment was evaluated in research by Gatseva 
and Argirova (unpublished data). The mean annual nitrate 
concentrations in drinking water during the 23-year period 
(1983–2005) were significantly different 89.70.5 and 
10.70.3 mg/l, respectively, for the exposed and nonex-
posed villages. Table 120.2 presents the results from the 
studies of urinary iodine excretion in the inspected popu-
lation groups at risk (pregnant women, children aged 3–6 
and schoolchildren aged 7–14). Statistically significant dif-
ferences were found between mean and median urinary 
iodine values in groups exposed and nonexposed to high 
nitrate levels, excepting the groups of girls aged 7–14.
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Table 120.2 Urinary iodine concentrations (g/l) of population groups at risk living in rural area in Bulgaria with high nitrate levels in the drinking water

Index

Pregnant women

Children aged 3–6 Schoolchildren aged 7–14

Boys Girls Boys Girls

Exposed Nonexposed Exposed Nonexposed Exposed Nonexposed Exposed Nonexposed Exposed Nonexposed

Number 26 22 26 28 24 21 81 86 75 77
Meanstandard 
deviation

147.8556.38 230.5561.56 150.8886.65 251.8696.05 152.3870.92 251.29110.26 216.7377.92 195.3054.17 201.6594.50 198.0463.02

Median 150.50 225.50 139.50 269.0 151.50 257.0 219.0 201.0 185.0 185.0
95% Confidence 
interval

125.07–170.62 203.25–257.84 115.88–185.89 214.61–289.10 122.42–182.33 201.10–301.47 199.47–233.99 183.67–206.94 179.88–223.43 183.71–212.36

Min 33.0 83.0 29.0 81.0 29.0 74.0 64.0 81.0 37.0 70.0
Max 230.0 383.0 292.0 518.0 274.0 563.0 418.0 328.0 475.0 355.0
Statistical 
evaluation

t  4.855; P  0.0001 t  4.045; P  0.0002 t  3.624; P  0.0008 t  2.073; P  0.0397 t  0.2781; P  0.7813

Source: Gatseva and Argirova (unpublished data).
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The values found for mean and median urinary iodine 
in the group of exposed pregnant women and children 
aged 3–6 were an indicator for optimal iodine nutrition, 
and were evidence for the positive effect of the national 
strategy for elimination of IDD. The additional iodine 
intake had a favorable effect, lessening the inhibiting effect 
of nitrates on iodine intake by the thyroid gland (Höring, 
1992). The mean and median urinary iodine values of the 
nonexposed pregnant women and children aged 3–6, as 
well as of the exposed and nonexposed boys aged 7–14, 
were above 200 g/l, which was an indicator for more 
than adequate iodine intake (ICCIDD, WHO, UNICEF, 
2001). The data showed a lack of significant difference in 
the girls’ group, and the median urinary iodine in both 
groups (exposed and nonexposed) was an indicator of  
optimal iodine intake. Figure 120.7 presents the iodine 
status of pregnant women, children and schoolchildren, 
assessed on the basis of urinary iodine excretion.

Goiter rate among children, schoolchildren  
and pregnant women exposed to high nitrate 
levels in drinking water

A clinical examination of the thyroid status of the pregnant 
women exposed to high nitrate levels in drinking water 
revealed that 9 (34.6%) of the group had goiter. The rate 
of goiter among the nonexposed women was 2 (9.1%). 
Statistically, significant differences were found between 
the rate of goiter in exposed and nonexposed pregnant 
women (P  0.05). Goiter grade 1 with a low grade of 
thyroid hyperplasia and diffuse character was prevalent in 
both groups. Only one pregnant woman from the exposed 
group had a goiter grade 2, which correlated with the 
iodine excretion value (33 g/l). A statistical evaluation of 

the possible association between the nitrate concentration 
of drinking water and frequency of goiter for the inspected 
pregnant women indicated that the relative risk expressed 
as OR with 95% CI was significant (OR  5.294; 95% 
CI, 1.003–27.939), 2  3.07, P  0.0454.

The rate of goiter among the exposed children aged 3–6 
was 28% and among the nonexposed was 14.3%, without 
a statistically significant difference (P  0.05). Goiter grade 
1 was found in both groups. The relative risk expressed as 
OR with 95% CI was not significant [(OR  2.333; 95% 
CI, 0.8491–6.412), 2  2.79, P  0.1396].

The frequency of goiter in the exposed schoolchildren 
was 13.5% and in the nonexposed was 4.9% with a statisti-
cally significant difference (P  0.05). Goiter grade 1 was 
prevalent in both groups. Only two of the exposed girls had 
goiter grade 2, which correlated with their very low iodine 
excretion values (37.0 and 41.0 g/l). A statistical evalua-
tion of the possible association between the nitrate concen-
tration of drinking water and frequency of goiter for the 
inspected children indicated that the relative risk expressed 
as OR with 95% CI was significant (OR  3.014; 95% 
CI, 1.293–7.027), 2  7.06, P  0.0105. The results of 
this study confirmed the reports of other authors over the 
last years (Mukhopadhyay et al., 2005; Tajtakova et al., 
2006; Zaki et al., 2004) about the role of high nitrate levels 
in drinking water as a risk factor for thyroid dysfunction. 
Figure 120.8 presents the frequency of goiter in the inspected 
pregnant women, children and schoolchildren (exposed and 
nonexposed) to high nitrate levels in drinking water.

Summary Points

l The results from the national surveys in the period 
2000–2003 confirmed the successful implementation 
of the national strategies for prevention and control 
of IDD in Bulgaria, and indicated a normalization of 
iodine supply in the Bulgarian population, including 
risk population groups (children, schoolchildren and 
pregnant women).
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Figure 120.7 Iodine status in pregnant women, children and 
schoolchildren; exposed and nonexposed to high nitrate levels 
in drinking water. Black bars – mild iodine deficiency (100 g/l); 
dotted bars – optimal iodine intake (100–199 g/l); white bars –  
more than adequate iodine intake (200–299 g/l); dashed bars –  
excessive iodine intake (iodine  300 g/l).
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Figure 120.8 Goiter frequency (%) in pregnant women, chil-
dren and schoolchildren exposed (black bars) and nonexposed 
(white bars) to high nitrate levels in drinking water.
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l Despite the results achieved the level of information in the 
population concerning the health consequences of iodine 
deficiency and the purpose of applied prophylaxis with 
salt iodine fortification is not yet sufficient. Therefore, 
in the national action plan “Food and Nutrition, 2005–
2010” an instruction on iodine deficiency problems for 
general practitioners, health education lessons in schools, 
and information for the whole population through appro-
priate informative flyers is included.

l The results from the studies of iodine status of school-
children living in urban and rural areas in south Bulgaria 
indicated that about 50% of them had optimal iodine 
nutrition. Statistically significant differences were found 
in some of the subgroups with different iodine status, 
which underlines the importance of socioeconomic sta-
tus and the living standard of the population for the 
development of IDD.

l The results of studies carried out among residents of 
areas with high nitrate levels in drinking water con-
firmed the effectiveness of iodine prophylaxis and the 
normalization of iodine supply in vulnerable population 
groups of children, adolescents and pregnant women. 
The additional iodine intake has had a favorable effect, 
reducing the inhibiting effect of nitrates on active iodine 
transport in the thyroid gland.

l An unfavorable result found in these surveys was that a 
significant number of the children, schoolchildren and 
pregnant women had more than adequate or exces-
sive iodine intake. In a population characterized by 
long-standing iodine deficiency and a rapid increase 
in iodine intake, there is a risk of iodine-induced 
hyperthyroidism.

l Monitoring of table salt quality is crucial for providing 
optimal iodine supplementation. Furthermore, the high 
use of table salt (1–3 times above the recommended 
quantity) is one of the unfavorable tendencies in the 
nutrition of the Bulgarian population that may also  
contribute to excessive iodine supplementation.

l The national action plan “Food and Nutrition, 2005–
2010” includes instruction about healthy nutrition for 
different age groups of the population and it also sup-
ports the national monitoring and information system 
for control of iodized salt on the market.
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Abstract

Active iodine prophylaxis in Italy was limited before 2005. 
Thus, endemic goiter, as well as other iodine deficiency 
disorders (IDD), have been documented in the country, 
mainly in southern and central Italy. Calabria is a south-
ern region in Italy, where foci of endemic goiter have been 
occasionally described. During the years 1990–1996, a 
systematic screening for the characterization of iodine 
deficiency in the region was performed by evaluating 
the distribution of the prevalence of goiter in schoolchil-
dren, neonatal TSH results obtained from the congenital 
hypothyroidism screening program, and urinary iodine 
excretion values. All parameters employed unequivocally 
indicated that moderate iodine deficiency is present in the 
inland region, with pockets of severe iodine deficiency in 
some villages. In the coastal areas, iodine supply varied 
from sufficient to marginally low, while mild iodine defi-
ciency was found in a major town located at sea level.

Abbreviations

IDD Iodine deficiency disorders
PAHO Pan American Health Organization
WHO World Health Organization

Introduction

The presence of goiter in Italy has been known since the 
ancient Roman Age. In recent years, several surveys have 
shown high rates of the prevalence of goiter and low uri-
nary iodine excretion. Active prophylaxis has been very 
limited (Aghini-Lombardi et al., 1998). Before 2005, 
prophylaxis with iodized salt in the country was per-
formed on a voluntary basis. For this reason, iodized salt 
consumption in Italy still accounted for approximately 3% 

of the total salt used for domestic purposes in the early 
1990s (Aghini-Lombardi et al., 1993). In the absence of 
generalized prophylaxis, the nationwide iodine nutritional 
status varied during the past two decades of the twenti-
eth century from sufficient to severely deficient (Aghini-
Lombardi et al., 1993, 1998; Andò, 1994; Costante et 
al., 1991; Regalbuto et al., 1996). Thus, endemic goiter, 
as well as other iodine deficiency disorders (IDD) such as 
cretinism and other neurological manifestations, has also 
been documented in the country in recent years (Delange  
et al., 1978; Vermiglio et al., 1990). In general, the reported  
prevalence of goiter in schoolchildren was higher in south-
ern and central Italy than in the northern part of the 
country (Aghini-Lombardi et al., 1993). Affected regions 
included nonurban districts, mainly located in moun-
tain areas (Aghini-Lombardi et al., 1998). Overall, only a 
minority of children presented large and/or nodular goit-
ers, while the great majority presented a grade 1A or 1B 
goiter, according to the Pan American Health Organization 
(PAHO) criteria (Aghini-Lombardi et al., 1993). Based 
on these data, the European Community promoted the 
project “Eradication of endemic goiter and of disorders for 
iodine deficiency in southern Italy” in collaboration with 
the Italian government. The project, which has been car-
ried out during the years 1998–1999, was aimed at estab-
lishing the severity of iodine deficiency in southern Italy 
and implementing prophylactic measures, namely, to pro-
mote generalized iodized salt consumption.

This chapter will describe the iodine status in individu-
als in Calabria, a region in southern Italy. All reported data 
mainly refer to the situation observed in the region during 
the years 1992–1998, prior to the prophylactic measures 
implemented through the collaborative project funded 
by the European Community in collaboration with the 
Italian government. In particular, the spectrum of thy-
roid disease in the adult population will be described, and 
the data of the prevalence of goiter in schoolchildren and 
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urinary iodine excretion will be reported (Costante et al., 
2002), also in comparison with analysis of the neonatal 
TSH results obtained from the congenital hypothyroidism 
screening program (Costante et al., 1997).

Description of the Region

Calabria (Figure 121.1) is a southern Italy region comprising 
five provinces, with an area of 15080 km2 and a population 
of about 2.2 million. Geographically, it is a peninsula almost 
entirely occupied by foothills and steeply sloping mountains, 
frequently culminating in uplands. These mountains form 
the Calabrian Appennines and are divided into four major 
ridges: the Pollino, the Sila, the Serre and the Aspromonte. 
Only 9% of the regional territory consists of small plains, 
spread along 800 km rugged coastline.

Spectrum of Thyroid Disease in the 
Calabrian Adult Population

Goiter and its complications affect a great proportion of 
patients attending our endocrinology outpatient clinics, 
from different areas of Calabria (Figure 121.2). The greatest 
proportion of patients (70%) present thyroid nodules 

with goiter. Although euthyroid multinodular goiter is 
the most common finding, a relevant number of patients 
with thyroid nodules have evidence of functional auton-
omy (suppressed serum TSH levels and/or scintigraphic 
findings of “hot” thyroid nodule). Hyperthyroidism due 
to toxic nodular goiter is rather common, particularly 
in elderly people. Conversely, thyroid autoimmune dis-
eases are markedly less frequent in Calabria, as compared 
with iodine-sufficient areas (Vanderpump et al., 1995). 
Although the clinic’s attendance results should be carefully 
considered, since they could not be representative of the 
exact prevalence of thyroid disorders in the general popula-
tion, it is important to point out that our data are in keep-
ing with those reported in an epidemiological “on field” 
study in Basilicata, another southern Italy Appennine area 
(Aghini-Lombardi et al., 1999).

Endemic Goiter and Iodine Supply in 
Calabria at the End of the Twentieth 
Century

The presence of goiter in Calabria is known from the early 
1900s, even though data indicating iodine deficiency foci 
in the region have been reported only recently, suggest-
ing a great heterogeneity in iodine supply among different 
areas (Andò, 1994; Costante et al., 1991). Based on these 
preliminary reports and on the analysis of the endocrinol-
ogy outpatient clinics attendance, we decided to plan a 
large-scale region-wide study (Costante et al., 2002). At 
the time when the investigation was performed, large-scale 
“on field” studies using ultrasonography were not easy to 
plan. In addition, normative values for ultrasound thyroid 
volume measurement in children living in iodine-sufficient 
areas were not well-established. The survey for endemic 
goiter was, therefore, performed by palpation, according 
to the WHO recommendations (Perez et al., 1960).
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Figure 121.1 Map of the Calabria region. From Costante  
et al., (2002), with the permission of Kurtis Ed.) The inland territory 
is represented in darker gray. The coastal area is indicated in light 
gray. Squares indicate main towns at sea level and circles indicate 
small towns in the inland territory.
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Distribution of Goiter Prevalence in 
Different Areas of the Region

The average prevalence of goiter was 40.7% in the inland 
territory and 16.3% at the sea level. Detailed data of 
prevalence of goiter distribution in the five provinces 
are illustrated in Figure 121.3. In the inland territory, the 
highest values were observed in the area of the Sila moun-
tains belonging to the Catanzaro and Crotone provinces. 
In individual villages, prevalence of goiter ranged from 
30% to 64% in Catanzaro province and from 30% to 
68% in Crotone province. Slightly lower prevalence of 
goiter was recorded in the area of the Pollino mountains 
in the province of Cosenza (range prevalence 28–44%), in 
the Aspromonte mountains of Reggio Calabria province 
(range prevalence 19–50%) and in the Serre mountains of 
Vibo Valentia province (range prevalence 30–41%).

At sea level, there was a great variability in goiter preva-
lence, the lowest values being recorded in the Ionian cos-
tal areas belonging to the provinces of Cosenza (5.3%) 
and Catanzaro (11.6%). Surprisingly, goiter prevalence in 
two main towns located at sea level was 14.7% in Reggio 
Calabria’s main city and 25.7% in Crotone’s main city.

Distribution According to Sex, Age  
and Grade of Goiter

A progressive increase in goiter prevalence with age was 
observed in both sexes (Figure 121.4, upper panel). In males, 
the average prevalence was 28.2%, ranging from 26% at  
6–8 years of age to 31% in schoolchildren aged 12–14 
years. The average goiter prevalence in females was 42.8%, 
varying from 29.1% in females aged 6–8 years to 46% in 
postpubertal girls. When pooled data from the whole region 

were examined according to goiter grade (Figure 121.4, 
lower panel), a grade 1a goiter was observed in 23.5% of 
males and 29.6% of females. The difference between the 
two sexes was even more apparent for higher goiter grades. 
In fact, the prevalence of grade 1b goiter was three times 
more elevated in females than in males (14.1% and 4.2%, 
respectively). Grade 2 goiters were observed almost exclu-
sively in females after the onset of puberty, with a preva-
lence of 2.3%. Children with palpable thyroid nodules 
were classified as having grade 2 goiter. The proportion of 
schoolchildren presenting nodular goiter was 0.47% of the 
total of males and 0.79% of females. No palpable thyroid 
nodules were observed in children below 8 years of age.

Urinary Iodine Excretion in Calabria

Urinary iodine excretion is presently considered the most 
useful impact indicator for evaluating the severity of iodine 
deficiency (Editorial IDD Newsletter, 1999). In addition to 
the prevalence of goiter, therefore, urinary iodine excretion 
was used for the characterization of iodine deficiency in the 
region. The overall data observed in each province are sum-
marized in Figure 121.2. The urinary iodine excretion results 
were also examined according to the area of origin. Median 
urinary iodine excretion values could be calculated in 13 
villages or small towns of the inland territory and ranged 
from 31 to 57 g/l. In the two major towns located at sea 
level, the median iodine excretion values were 72 g/l in 
Crotone’s main city and 94 g/l in Reggio Calabria’s main 
city. Overall, the urinary iodine excretion results confirmed 
that both the inland territory and the coastal areas of the 
region are exposed to various degrees of iodine deficiency. 
In the inland territory, the median iodine excretion values 
were in perfect agreement with the prevalence of goiter 

Figure 121.3 Prevalence of goiter and urinary iodine excretion in Calabria. The goiter prevalence (white bars) and urinary iodine excre-
tion (dark bars) observed in the schoolchildren of the five Calabrian provinces during the years 1991–1994 are reported. Sea level indi-
cates average values observed at sea level in different districts regionwide.
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data, indicating a condition of moderate iodine deficiency. 
At sea level, urinary iodine excretion was marginally low 
in Reggio Calabria’s main town, with values comparable 
to those reported in other Italian coastal areas (Vermiglio  
et al., 1989). A very particular situation was found in 
Crotone’s main town, where a situation of mild iodine 
deficiency was observed, in spite of the locality at sea level. 
The peculiarity of these results deserves particular consider-
ation. In fact, goiter prevalence in Crotone’s main city was 
even higher than one could expect based on urinary iodine 
excretion values. The strong immigration rate from the 
inland territory and the water supply provided in the city 
from sources located on the Sila ridges could contribute to 
such a situation. Theoretically, the presence of goitrogens 

(i.e., thyocyanate) in foodstuffs (Delange and Ermans, 
1991) could also have contributed to such a situation, even 
though this seems unlikely. Eating habits in the town, in 
fact, do not comprise nutrients rich in natural goitrogens. 
In this respect, however, it should be specified that we were 
unable to determine whether natural goitrogens could con-
taminate the drinking water in the area. Possibly, other 
genetic or epigenetic factors might also be involved.

Use of Screening for Congenital 
Hypothyroidism Results for Monitoring 
Iodine Deficiency

Evidence of thyroid function deficiency, such as transient 
congenital hypothyroidism or neonatal hyperthyrotro-
pinemia, frequently occurs in children born to women 
living in iodine-deficient areas and is correlated to the 
degree of iodine deficiency (Delange and Burgi, 1989; 
Delange et al., 1997). The hypersensitivity of the neona-
tal thyroid to iodine deficiency has been established after 
the introduction of generalized congenital hypothyroidism 
screening programs performed by neonatal TSH measure-
ment (Editorial IDD Newsletter, 1999). For congenital 
hypothyroidism screening in Calabria, the double assay 
strategy has been adopted by measuring both TSH and 
T4. The assays were performed in each single specimen, 
on dried blood spotted onto filter paper. TSH was meas-
ured by time-resolved fluoroimmunoassay. The detection 
limit of the assay was 1 U TSH/ml. The neonatal TSH 
cut-off value for recall was 20 U/ml whole blood. In a 
pilot study (Costante et al., 1997), we attempted to verify 
whether the results of neonatal TSH from the congenital 
hypothyroidism screening program could represent a use-
ful tool for monitoring iodine deficiency in the region. For 
this purpose, the results of children born from 1 January 
to 31 December, 1993, were analyzed. Nineteen new-
borns had TSH levels above the cut-off point for recall 
(TSH  20 U/ml), and 14 newborns, all with TSH lev-
els exceeding 30 U/ml, were diagnosed as affected by con-
genital hypothyroidism. The recall rate calculated on the 
basis of TSH  20 U/ml was 0.09%. The frequency dis-
tribution analysis of neonatal TSH (Figure 121.5) showed 
that the mode (28% of newborns) was below 1 U/ml 
neonatal TSH value and the median was 2 U/ml. TSH 
levels above 5 U/ml were observed in 14.4% children and 
the 97% neonatal TSH cut-off was 11 U/ml.

Results were also examined in relation to the areas of new-
born origin. In individual areas, the mode and median val-
ues did not significantly differ from each other, nor from the 
values observed on the total number of screened newborns. 
The frequency distribution curves showed some variability, 
with a tendency to shift toward lower values in areas at sea 
level or toward higher values in some mountain areas. Two 
sample curves representing an area at sea level and another 
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in the inland territory, as compared with the whole sample 
of screened children, are illustrated in Figure 121.6.

Interestingly, the analysis of the 97% TSH cut-off accord-
ing to the area of origin of the newborns showed that a wide 
range of variation occurred among the individual 97% neo-
natal TSH cut-off values, suggesting that it could depend on 
differences in iodine supply. This was confirmed by the “on 
field” investigation for endemic goiter, which showed a great 
variability in both prevalence of goiter and urinary iodine 
excretion among these areas, which paralleled the variability 
of the 97% neonatal TSH cut-off (Table 121.1).

Relationship between Neonatal TSH 
and Endemic Goiter

The results from the congenital hypothyroidism screening 
program were compared to the data of the epidemiological 

surveys for goiter prevalence. As illustrated in Figure 121.7, 
a significant correlation was found between the frequency 
of neonatal TSH levels 11 U/ml (i.e., the 97% cut-
off for the entire region) and both the goiter prevalence 
(r2  0.88; p  0.0019) and the median urinary iodine 
excretion observed in these areas. The obvious and most 
important implication of this observation is that the fre-
quency of neonatal TSH levels 11 U/ml actually 
reflected the iodine supply, at least in those areas where the 
“on field” investigation was performed.
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Figure 121.5 Frequency distribution of neonatal serum TSH 
levels in Calabria in the year 1993. From Costante et al., (1997), 
with the permission of Kurtis Ed. Ordinate indicates the frequency 
distribution represented as percentage of total for each neonatal 
TSH value observed (abscissa) within the normal cut-off range.
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Figure 121.6 Neonatal TSH frequency distribution curves 
in different areas of the Calabrian territory. From Costante et al., 
(1997), with the permission of Kurtis ed. Neonatal TSH frequency 
distribution curves for the total number of infants born in Calabria 
during 1993 (full triangles), in an area located at sea level (full 
square) and in an area of inland territory (open circles).

Table 121.1 Neonatal TSH 97% cut-off, goiter prevalence and 
urinary iodine excretion in different areas of Calabria

Areas

Neonatal TSH 
97% cut-off 
(U/ml)

Goiter 
prevalence (%)

Median urinary 
iodine excretion 
(g/l)

1 13 35 (803) NA
2 10
3 14 43.5 (4879) 42
4 13 41.3 (2581) 52
5 8
6 10
7 10 22.8 (645) 62
8 12 40.1 (747) 56
9 10 15.9 (1998) 72
10 8
11 9
12 11
13 11
14 9 14.7 (831) 92
Entire region 11 37.1 (12484) 59

Notes: Areas 2, 5, 6, 7, 9, 10, 11 and 14 are located at the 
sea level; the total number of screened subjects is indicated in 
parentheses. 
Source: Modified from Costante et al., (1997), with the permission 
of Kurtis Ed.
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Figure 121.7 Correlation between neonatal TSH results and 
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Endemic Goiter and Iodine Supply in 
Calabria at the Beginning of the Third 
Millennium

After the implementation of the European Community/
Italian government joint project for the eradication of 
endemic goiter in southern Italy, the consumption of 
iodized salt had increased on average by more than 50% 
by the year 2005. Since then, new national legislation has 
established that salt not enriched with iodine can only be 
purchased on specific request from customers. This should 
theoretically imply that the great majority of the popula-
tion would now be exposed to an adequate iodine supply. 
The implications of these measures in the adult popula-
tion will be realized within decades, and the screening 
of school-age children is in progress. Based on our previ-
ous observations, suggesting that neonatal TSH data are 
a sensitive tool for monitoring iodine supply (Costante 
et al., 1997), one could expect that this parameter would 
also allow monitoring of the time period of the efficacy 
of iodine supplementation. In keeping with this assump-
tion, preliminary data from the neonatal TSH screening 
program suggest that iodine supply in Calabria is progres-
sively improving, with a rapid beneficial effect occurring 
in newborns. In fact, the neonatal TSH 97% cut-off was 
decreased from 14 U/ml in the year 1993 to 6 U/ml in 
the year 1999 and to 4.8 U/ml in the period 2002–2005 
(G. Parlato, personal communication).

Summary Points

l Iodine prophylaxis based on the consumption of iodine-
enriched salt was on a voluntary basis in Italy until the 
year 2005.

l Endemic goiter and other IDD were still present to 
various degrees, particularly in southern Italy in the late 
1990s.

l Goiter and its complications still affect a large propor-
tion of the adult population in southern regions of Italy.

l In some instances, such as in Calabria, moderate-to-
severe iodine deficiency is present in the inland territory 
and mild iodine deficiency is also present at sea level.

l The European Community, in collaboration with the 
Italian government, has funded a program for the eradi-
cation of IDD in central and southern Italy that started 
in 1998.

l Generalized iodine prophylaxis in Italy was introduced 
nationwide in the year 2005.

l The neonatal TSH results from the hypothyroidism 
screening programs allow the monitoring of iodine defi-
ciency on a population basis, allowing analysis of the 
territory according to iodine supply.

l Preliminary data obtained from the congenital hypothy-
roidism screening program in Calabria suggest that 
iodine supply is progressively improving in southern 
Italy since the year 1999.

References

Aghini-Lombardi, F., Antonangeli, L., Martino, E., Vitti, P., 
Maccherini, D., Leoli, F., Rago, T., Grasso, L., Valeriano, R., 
Balestrieri, A. and Pinchera, A. (1999). J. Clin. Endocrinol. 
Metab. 84, 561–566. 

Aghini-Lombardi, F., Antonangeli, L. and Vitti, P. (1998). Ann. 
Ist. Super. Sanita 34, 311–314. 

Aghini-Lombardi, F., Antonangeli, L., Vitti, P. and Pinchera, A. 
(1993). In: (eds F. Delange, J.T. Dunn and D. Glinoer), 
Iodine Deficiency in Europe. A Continuing Concern. Plenum 
Press, New York, NY, p. 403. 

Andò, S., Maggiolini, M., Di Carlo, A., Diodato, A., Bloise, A., 
De Luca, G.P., Pezzi, V., Sisci, D., Mariano, A. and Macchia, V. 
(1994). J. Endocrinol. Invest. 17, 329–333. 

Costante, G., Grasso, L., Ludovico, O., Marasco, M.F., Nocera, M., 
Schifino, E., Rivalta, L., Capula, C., Chiarella, R., Filetti, S. 
and Parlato, G. (1997). J. Endocrinol. Invest. 20, 251–256. 

Costante, G., Grasso, L., Schifino, E., Marasco, M.F., Crocetti, U., 
Capula, C., Chiarella, R., Ludovico, O., Nocera, M., Parlato, G. 
and Filetti, S. (2002). J. Endocrinol. Invest. 25, 201–207. 

Costante, G., Vermiglio, F., Battiato, S., Trimarchi, F., Grasso, L., 
Loviselli, A. and Filetti, S. (December 5–7, 1991). Proceedings 
of the Congress IX Giornate Italiane della Tiroide. Udine,  
p. 160 (Abstract).

Delange, F., Benker, G., Caron, P., Eber, O., Ott, W., Peter, F., 
Podoba, J., Simescu, M., Szybinsky, Z., Vertongen, F., Vitti, P., 
Wiersinga, W. and Zamrazil, V. (1997). Eur. J. Endocrinol. 
136, 180–187. 

Delange, F. and Burgi, H. (1989). Bull. World Health Organ. 
67, 317–325. 

Delange, F. and Ermans, A.M. (1991). In: (eds L.E. Braverman 
and R.D. Utiger), The Thyroid. A Fundamental and Clinical 
Text. J.B. Lippincott, Philadelphia, PA, p. 368. 

Delange, F., Vigneri, R. and Trimarchi, F. (1978). J. Endocrinol. 
Invest. 1, 137–142. 

Editorial. (1999). IDD Newsl., 15, 33–39.
Perez, C., Scrimshaw, N.S. and Munoz, J.A. (1960). Endemic 

Goiter. WHO, Monograph Series no. 44, Geneva,  
Switzerland, p. 369.

Regalbuto, C., Squatrito, S., La Rosa, G.L., Cercabene, G., 
Ippolito, A., Tita, P., Salamone, S. and Vigneri, R. (1996).  
J Endocrinol. Invest. 19, 638–645. 

Vanderpump, M.P., Tunbridge, W.M., French, J.M., Appleton, D., 
Bates, D., Clark, F., Grimley Evans, J., Hasan, D.M.,  
Rodgers, H., Tunbridge, F. et al. (1995). Clin. Endocrinol. 
(Oxf ) 43, 55–68. 

Vermiglio, F., Finocchiaro, M.D., Lo Presti, V.P., La Torre, N., 
Nucifora, M. and Trimarchi, F. (1989). J. Endocrinol. Invest. 
12, 123–126. 

Vermiglio, F., Sidoti, M., Finocchiaro, M.D., Battiato, S., Lo 
Presti, V.P., Benvenga, S. and Trimarchi, F. (1990). J. Clin. 
Endocrinol. Metab. 70, 379–384. 



Abstract

A daily intake of stable iodine in Ukrainian subjects was 
estimated in relation to the health effects on habitants 
after the Chernobyl accident. Total diet samples were 
collected from 25 oblasts (regions) using a duplicate por-
tion method. Iodine was determined by inductively cou-
pled plasma mass spectrometry (ICP-MS) after chemical 
separation. For Ukrainians, daily iodine intake was in the 
range of 2.86–698 g per person. The median and geomet-
ric mean were 44.7 and 48.1 g, respectively. The yearly 
trend of the intake had almost no change. Regional differ-
ences were expected to exist among the 10 contaminated 
areas of the Ukraine, but no clear differences appeared 
in the present findings. The iodine intake in Ukrainians 
was approximately two times lower than the worldwide 
reported values and the recommended dietary intake 
allowance. Its lack may be related to the high prevalence of 
thyroid abnormality in the country after the accident.

Abbreviations

ICP-MS  Inductively Coupled Plasma Mass 
Spectrometry

137Cs Caesium-137
90Sr Strontium-90
TMAH Tetramethyl ammonium hydroxide
Ge Germanium
Li Lithium
V2O5 Vanadium pentoxide

Introduction

In April 1986, global contamination by radioactive nuclides 
was caused by the Chernobyl accident. Contamination in 
the environment has been studied during the years since the 

accident (UNSCEAR, 2000). We have made several studies 
in the Ukraine, from the viewpoints of radiation protection, 
nutrition and public health (Shiraishi et al., 1993, 1994, 
1997, 2004). In such studies, the relationship of radioactive 
and nonradioactive nuclides in food chains is important to 
understanding their environmental behaviors. Therefore, it 
is necessary to collect information on dietary mineral intake 
to quantify the background level in Ukrainian subjects. 
However, data on the dietary element intakes for Ukrainians 
are not well-documented.

Dietary nuclide intakes are estimated by several methods 
(WHO, 1983), e.g., selective studies of individual foods, 
market basket studies, model dish studies and duplicate 
portion studies. The first procedure involves the estimation 
of mean dietary nuclide intakes by collecting staple foods, 
which are consumed by the subject, and then chemically 
analyzing them. In market basket studies, individual or 
composite foods obtained from food stores in the area are 
analyzed. Data on the food consumption rates of the aver-
age person then take on an especially important role. Model 
dish studies involve the preparation of typical dishes based 
on both food and dish consumption data and analysis of 
each dish. Duplicate portion studies offer the greatest degree 
of reality compared to the other methods. At a minimum, 
all meals consumed by an individual during one day are 
chemically analyzed. After the accident in the Ukraine, data 
on the dietary intakes of 137Cs, 90Sr and transuranium have 
come from analyses of staple individual foodstuffs. Total  
diet studies for Ukrainians are scarce.

The low intake of stable iodine, not radioactive iodine 
intake, may explain the prevalence of goiter disease, which 
has often broken out in children in the contaminated areas 
since the Chernobyl accident (Yamashita and Shibata, 
1997). Stable iodine is an essential element for humans 
and animals (WHO, 1996). Furthermore, information on 
the natural cycles of stable iodine is necessary to explain 
the accumulation of radioactive iodine isotopes (128I, 
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129I, 131I, 133I, etc.) in the environment, which have been 
released from nuclear power plants or nuclear test sites 
(Muramastu and Yoshida, 1995).

In previous reports (Shiraishi et al., 2006; Ko et al., 
2005), dietary intakes of both radioactive and nonra-
dioactive nuclides for Ukrainians living in areas affected 
by the Chernobyl accident were described. One study 
has reported on the surveillance of iodine content in the 
urine of children living in the areas contaminated due to 
the accident (Nikiforva et al., 1997). In this article, die-
tary iodine intake in Ukraine was estimated by duplicate  
portion studies.

Materials for analysis

Approximately 300 diet samples were collected mainly 
from the areas influenced by the Chernobyl accident. Each 
sample consisted of one day of whole meals collected for 
children or adult males. Drinking water was not included 
in the samples. At least five samples were collected from 
one oblast during 1997 and 2005. The samples were  
collected mostly from September to December. The capi-
tals of 25 regions and local sampling points are shown in 
Figure 122.1. The samples collected were sent to a labora-
tory as shown in Figure 122.2.

The samples were homogenized. A portion of the homog-
enized sample was freeze-dried, while the rest of it was 
incinerated in a furnace. A standard solution of iodine was 
prepared from the dissolution of potassium iodide (Special 
pure grade, Kanto Chemical Co., Inc.) with freshly purified 
water (18 mega cm) prepared in a NANOpure Infinity 
Ultrapure water system. Tetramethyl ammonium hydrox-
ide (TMAH) was purchased from the Tama Chemical Co. 
Other chemicals used were special analytical reagent grade.

Figure 122.1 Sampling points of Ukrainian territories.
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Figure 122.2 Foodstuffs and total diet samples collected by 
the duplicate portion method.
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Analyses of 137Cs

In the Chernobyl accident, 137Cs was one of the typical  
fall-out radionuclides to the contaminated areas. To check 
the regional differences of 137Cs intake in Ukraine, 25  
composite samples were prepared by weighing out the same 
portion of one-day ash from each diet sample. Samples  
collected from nearby areas were used as component parts 
in one region. Approximately 10–40 g ash (usually 20 g) of 
the composite samples was analyzed with Ge (Li)-detec-
tors (Ortec GEM-20180S, 25185S and 30185, Oak Ridge, 
TN) coupled to multichannel analyzers (Seiko EG & G 
7700 and 7800, Tokyo, Japan). The counting time was 
70 000–250 000 s. A gamma-ray peak at 661 was used for 
the measurement of 137Cs (Shiraishi et al., 1993).

Analyses of iodine

The analytical procedure employed is shown in Figure 

122.3. Approximately 0.5 g of a powdered sample was 
mixed with V2O5 and placed in a quartz boat. The boat was 
then placed in a quartz tube and the sample was heated to 
1100°C under a wet oxygen flow (pyrohydrolysis). Iodine 
evaporated from the sample was collected in a receiver 
TMAH solution. The iodine in the receiver solution was 
determined by inductively coupled plasma mass spec-
trometry (ICP-MS; Hewlett Packard 4500 Model). The 
operating conditions of ICP-MS were as described in the 
earlier report (Muramatsu and Wedepohl, 1998). Its detec-
tion limit is 0.3 ng ml3 (ppb). The analytical procedure 
was checked by using standard materials, e.g., NIST SRM 
1537a (tomato leaves), 1549 (milk powder), 1572 (citrus 
leaves) and so on (Schnetger and Muramastu, 1996).

Daily intake of 137Cs in 25 oblasts of Ukraine

Twenty-five composite samples equivalent to the one-day 
meals were prepared for each oblast and the results are 

shown in Table 122.1. The daily intake of 137Cs varied over 
a wide range from 0.53 to 571 Bq per person. The median 
and geometric mean were 2.2 and 3.7 Bq, respectively. The 
present study was performed over a long period from 1997 
to 2005. The composite samples were prepared from sam-
ples that were collected during 2000–2005. An attempt 
was made to adjust the physical decay of 137Cs to March 
2005 from each sampling time. The decay calculation  
results are shown in the last two columns of Table 122.1. 
Higher daily intakes of 137Cs were found in the Rivno 
(571 Bq per person), Zhitomir (117 Bq per person) and 
Kiev (83.4 Bq per person) oblasts. The three oblasts cor-
responded to areas highly contaminated with 137Cs due 
to the Chernobyl accident (UNSCEAR, 2000). In this 
article, the 25 oblasts were assigned to two areas: con-
taminated and non-contaminated areas, depending on the 
137Cs intake values. The contaminated areas included three 
oblasts (Rivno, Zhitomir, and Kiev), while the remaining 
22 oblasts belonged to the non-contaminated areas. The 
median and geometric mean of the contaminated and the 
non-contaminated areas (in parentheses) were 44 (2.2) and 
41 (2.3), respectively. The median and geometric mean of 
the contaminated areas were 20 times higher than those of 
the non-contaminated areas.

Iodine concentration and dietary iodine intake 
in contaminated areas

Iodine in the diet samples was rapidly determined by ICP-
MS after chemical separation using a combustion apparatus. 
Accuracies of the iodine analyses were good, i.e., deviations 
from the certified values in the biological materials were 
within 4%. Concentrations of iodine on a dry basis in the 
diet samples corrected from the contaminated area were in 
the range of 0.0216–0.887 g g1. Median and geomet-
ric mean were 0.110 and 0.158 g g1, respectively. Daily 
iodine intake in Ukrainians of this area was not a normal 
distribution, due to skewness and kurtosis (Figure 122.4). 

Figure 122.3 A schematic of the analytical method of iodine determination.
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Table 122.1 Dietary intake of 137Cs in 25 oblasts in Ukraine

Daily intake (Bq per person)a

Capital of oblast
Collection time 
(year) Month 137Cs 137Csb

Cherkassy 2003 10 4.64 0.06c 4.49 0.06c

Kiev 2001 11 83.4 0.2 77.2 0.2
Kirovograd 2004 10 0.68 0.03 0.68 0.03
Poltava 2004 10 22.1 0.1 21.9 0.1
Vinnitsa 2003 10 1.80 0.03 1.74 0.03
Dnepropetrovsk 2004 5 0.66 0.02 0.65 0.02
Donetsk 2003 10 3.82 0.05 3.70 0.05
Kharkiv 2004 5 8.76 0.08 8.59 0.08
Lugansk 2005 3 0.91 0.02 0.91 0.02
Chernigov 2003 10 1.06 0.03 1.03 0.03
Sumy 2004 10 0.53 0.02 0.52 0.02
Kherson 2004 10 2.54 0.04 2.51 0.04
Nikolayev 2004 10 0.57 0.02 0.57 0.02
Odessa 2003 10 4.41 0.07 4.27 0.07
Simferopol 2004 5 8.63 0.07 8.47 0.07
Zaporozhye 2003 10 2.24 0.04 2.17 0.04
Chernovtsy 2004 9 1.10 0.02 1.09 0.02
Ivano-Frankovsk 2004 9 1.04 0.03 1.03 0.03
Khmelnitskiy 2004 10 3.06 0.04 3.03 0.04
Volyn 2005 3 1.55 0.03 1.55 0.03
Lvov 2004 9 10.2 0.1 10.1 0.1
Rivno 2000 10 571 0.6 516 0.6
Ternopol 2003 10 2.19 0.04 2.12 0.04
Transkarpatia 2004 9 0.99 0.02 0.98 0.02
Zhitomir 2002 10 117 0.2 111 0.2
Minimum – – 0.53 – 0.52 –
Maximum – – 571 – 516 –
Median – – 2.2 – 2.2 –
Geometric mean – – 3.7 – 3.6 –

aComposite samples.
bPhysical decay is adjusted to March 2005 from each sampling time.
cCounting error (1).

Figure 122.4 A histogram of daily iodine intakes in Ukrainian subjects living in the areas contaminated due to the Chernobyl accident.
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Table 122.2 Comparison of daily iodine intakes among sampling yearsa

Range

Median
Geometric 
mean

Geometric 
S.D.

Arithmetic 
mean

Arithmetic 
S.D. Sample sizeSampling year Minimum Maximum

1997 29.9 332 87.7 81.2 2.3 110 104 7
1998 3.65 55.8 20.6 21.2 2.1 26.0 15.5 13
1999 8.14 279 38.0 40.4 2.5 61.7 62.8 47
2000 2.80 142 22.6 26.5 2.5 37.9 36.0 16
2001 7.83 372 20.5 23.8 2.3 39.9 73.9 23
1997–2001 2.80 372 28.1 32.7 2.5 52.2 64.1 106

ag d1 per person.

Table 122.3 Comparison of daily iodine intakes among nine districts in Ukrainea

Sampling area Range

Median
Geometric 
mean

Geometric 
S.D.

Arithmetic 
mean

Arithmetic 
S.D. Sample sizeDistrict Region Minimum Maximum

Kiev Kiev 20.6 48.9 26.6 28.7 1.5 30.6 13.4 4
Ivankiv Kiev 7.83 371 33.3 39.1 3.8 88.5 140.3 6
Rokitno Rivno 2.80 205 26.9 27.3 2.7 42.9 47.3 31
Korosten Zhitomir 17.4 332 116 87.6 4.5 155 161 3
Luginy Zhitomir 14.4 279 47.0 55.7 2.8 88.0 91.9 9
Narodichi Zhitomir 10.5 52.6 18.3 20.3 1.7 23.0 12.2 23
Olevsk Zhitomir 36.1 172 58.1 70.8 1.8 83.3 54.5 6
Ovruch Zhitomir 17.3 137 34.6 43.3 2.3 58.6 45.8 14
Zhitomir Zhitomir 13.0 163 26.8 29.6 2.3 42.7 48.3 9

ag d1 per person.

Intakes ranged from 2.86 to 372 g d1 per person. The 
median was 28.1. Geometric mean and standard deviation 
were 32.7 and 2.5, respectively.

The daily iodine intake in Ukrainians living in three 
contaminated areas are compared among sampling years 
from 1997 to 2001 in Table 122.2. The median ranged from 
20.5 to 87.7 g d1 per person. The intake of 1997, which 
was the total diet for children, was higher than that in other 
years. The reason was unclear; however, there was a statisti-
cally significant difference (p  0.01) in a nonparametric 
test (Mann–Whitney test) except in the 1999 intakes.

The daily intake in Ukrainians were also compared with 
nine sampling areas. The values are summarized in Table 

122.3. The median ranged from 18.3 to 116 g d1 per per-
son. There was a statistical difference (p  0.05) in a nonpar-
ametric test between some areas. For example, the intakes of 
the Korosten, Olevsk and Lingsky districts were much higher 
than those of other areas, while in Kiev, Narodichi and 
Zhitomir, they were lower. However, analyses of larger sample  
numbers are necessary before drawing firm conclusions.

Comparison of the intakes between 
contaminated and non-contaminated areas

The 137Cs intake in the contaminated and the non-contami-
nated areas was clearly different. Iodine is an essential trace 
element, which has a key role in human health maintenance. 
Therefore, daily iodine intakes between the two areas were 

also compared. The geometric means of daily iodine intake 
of contaminated and non-contaminated areas were 32.5 
(n  137) and 72.5 g (n  131) per person, respectively. 
There was a statistically significant difference (p  0.01) in 
a nonparametric test (Mann–Whitney test). The reason is 
unclear now; however, a geological difference could be one 
of the possible reasons. The north and northwest of Ukraine 
is called the Pripyat Marshes, consisting of lots of swamps 
and gray podzol soils. These soils are less adaptable to  
agriculture. The behavior of iodine in food chains would be  
different from that of the fertile chernozem soils of the south-
ern area. More studies must be conducted to analyze data on 
soil types and intake of foodstuffs in narrow areas.

Comparison of present results with  
world values

Daily iodine intake in Ukrainian subjects ranged from 2.86 
to 698 g per person. The median was 44.7, and the geo-
metric mean and standard deviation were 48.1 and 2.5, 
respectively. Daily iodine intake in Ukrainians was not a 
normal distribution, due to skewness (3.60) and kurto-
sis (16.9). Daily adult intakes in other countries were sum-
marized by Parr (1992) from 10 reports, and had a range of 
0.05–1.05 mg d1 per person and a median of 0.19mgd1. 
Many reports can be found for Japanese subjects with a 
range of 0.2–20 mg d1 per person. For example, an impor-
tant source of dietary iodine is seaweeds, especially kelp; 
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other food categories such as meats, pulses, fats and oils, and 
beans and their products also contribute to a large extent 
(Kastura and Nakamichi, 1959; Katamine et al., 1986). In 
the United States, the RDIs are 150 g for 25–50-year olds, 
40–50 g for infants and 200 g for females during lacta-
tion (Ministry of Health and Welfare, 1999). Therefore, 
the dietary iodine intake (geometric mean 48 g d1)  
in the Ukraine was lower than the reported values and below 
the level of the RDI (150 g). Iodine deficiency can lead to 
a wide spectrum of diseases, ranging from severe cretinism 
with mental retardation to barely visible enlargement of the 
thyroid. Goiter may develop when less than 50 g of iodine 
is excreted in the urine (Itokawa, 1994). A recent epidemio-
logical study demonstrated that the risk of thyroid cancer in 
childhood due to radioactive iodine related to both stable 
iodine intake during the accident and stable iodine supple-
mentation after the accident or during medical treatment. 
However, indirect data of dietary iodine intake estimated 
from the iodine contents of soils in the investigated areas was 
used in this study. The risk of radiation-related thyroid can-
cer was three times higher in iodine-deficient areas (Cardis  
et al., 2005), hence suggesting that the lack of iodine could 
be related to the high prevalence of thyroid abnormality in 
the country after the accident.

Summary Point

Daily iodine intake in Ukrainian subjects was estimated 
to be approximately 50 g per person. Furthermore, the  
estimated daily intake of iodine was lowest in the reported  
values (0.05–1.5 mg d1 per person) and below the defi-
cient level (RDI of adult, 150 g); its lack could be related 
to the high prevalence of goiter, especially in more contami-
nated areas of the country.
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Abstract

The Argentine Federation of Endocrine Societies (FASEN) 
has a Committee for the Control of Iodine Deficiency 
Disorders (CACDDI) that is in charge of monitoring 
endemic goiter and iodine deficiency. CACDDI had 
conducted a national survey from 1999 to 2007, which 
involved the screening of 17847 schoolchildren all over the 
country. In all students, thyroid palpation was carried out 
by a single person (the director of the program) in order to 
ensure a better quality of information, since his results were 
matched with another pool of data obtained by means of 
some thyroid ultrasound volumetric measurements. The 
iodine intake was calculated based on the median urinary 
iodine concentration of 8792 casual urine samples. In addi-
tion, iodine content was determined in salt samples from 
more than 13000 households. Since Argentina is a nation 
with a large territory, with all types of geographic areas, it 
has been divided into six main regions for a better under-
standing of the distribution of endemic goiter. Moreover, 
two of them are further split into two parts. In addition, we 
also mention the studies performed in Buenos Aires by our 
team. The results obtained have shown that in Patagonia 
Atlántica there was no endemic goiter, while in Patagonia 
Andina the schoolchildren had an optimal iodine intake. 
However, a small increase in the prevalence of goiter was 
found in some cities, due to the ingestion of environmen-
tal goitrogens. The iodine intake in Pampa Húmeda was 
optimum, but cities such as Mar del Plata, Santa Rosa and 
Ataliva Roca still had endemic goiter. There is evidence that 
some goitrogens are present in the drinking water. In Cuyo, 
most of the children had a small degree of endemic goiter, 
the causes of which were not uniform. However, iodine defi-
ciency, environmental goitrogens and poverty accounted for 
the increased prevalence of goiter observed in this region. 
While there was no endemic goiter in the Center region, 
the city of Monte del Rosario appeared to be an exception,  

because some of its people were using salt that was not kept 
in the original packaging. Some local stores were keeping 
the salt outside of the original containers in order to split 
the amount of salt according to the client’s request and sell 
it at a lower price. The iodine in it was then volatilized, 
which led to a dramatic decrease in the iodine content. In 
Litoral North, most of the children suffer from endemic 
goiter despite having a high iodine intake, the consump-
tion of cassava being the cause of the high prevalence of 
goiter observed in the inhabitants of this region. The overall 
prevalence of goiter in Litoral South was 3.3%, while the 
iodine intake was optimal. This means that there is no 
endemic goiter in this area. In the northwest (NOA) part 
of Argentina, iodine deficiency is still an important prob-
lem. It is due to the consumption of local brands of salt that 
are insufficiently iodized or, even worse, they do not have 
iodine at all. However, in some other places with a very high 
iodine intake, the presence of environmental goitrogens is 
responsible for the high prevalence of goiter observed. We 
found that Buenos Aires was free of endemic goiter, and that 
the median urinary iodine concentration was in the normal 
range. Considering Argentina as a whole, we can say that 
most of the population is free of endemic goiter and has 
an optimal iodine intake. However, there are some regions 
of the country where iodine deficiency still persists. This is 
due to the consumption of salt from local factories that are 
not following the rules for an optimal iodization. Moreover, 
poverty adds to the severity of the problem. On the other 
hand, environmental goitrogens, distributed all over the 
country, are playing an important role in the development 
of goiter in people who have an optimal iodine intake.

Introduction

Since the pre-Hispanic period, endemic goiter was a 
well-known health problem in the actual Argentine  
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territory. It used to be called “coto” by the native peo-
ple. However, the former descriptions and rational stud-
ies started in the nineteenth century. Although the disease 
was known to be present along the mountains, mainly in 
the “Cordillera de los Andes,” it was Mendoza, the pio-
neer Argentine province, where most emphasis was placed 
on its prevention. A fundamental boundary marker, such 
as the North-American-Argentine mission headed by 
John Stanbury and Héctor Perinetti, was carried out in 
Mendoza in 1951, when a radioisotope (131I) was used 
for the first time in the world for investigating the thyroid 
function in patients with endemic goiter. Such transcen-
dental studies helped to clarify most of the pathophysi-
ological mechanisms involved in this endemic disease 
(Stanbury et al., 1954).

Iodine deficiency was the main cause of endemic goiter 
in Argentina. This important health problem was resolved, 
to a large extent, by means of salt iodization. The Argentine 
National Law 17259, enacted in 1967 (Salvaneschi, 2003), 
mandates the iodization (1:30,000 ppm) of all the salt in 
consumption. Despite the existence of such a law, there are 
some regions in Argentina, mainly in the northwest part of 
the country, where people are still using salt from small local 
factories, which has a low level of iodine, contributing to 
the persistence of endemic goiter, although at a much lower 
severity than in the past.

Since 1999, the Argentine Federation of Endocrine 
Societies (FASEN), through its Committee for the con-
trol of Iodine Deficiency Disorders (CACDDI), wh&ich 
is a non-governmental organization (Silva-Croome & 
Niepomniszcze, 2002), has a national program for moni-
toring both, endemic goiter and iodine intake, all over the 
country. In such a program, schoolchildern are studied 
by medical teams composed by local members (MDs and 
PhDs) and the Director of the National Program (one of us: 
H.N.), who is the person in charge of the thyroid palpation 
of all children (until present, almost 18000). In addition, 
household samples of salt, brought by the students, as well 
as casual urine samples obtained immediately after palpa-
tion, were analyzed for their iodine content. The results of 
such a campaign will be shown in the following sections.

Argentine Regions

Because Argentina has a large territory with all types 
of geographic areas, we have divided the country into 
the following six regions for better understanding of the 
 distribution of endemic goiter (Figure 123.1):

1. Patagonia;
2. Pampa Húmeda;
3. Cuyo;
4. Center;
5. Litoral;
6. Northwest (NOA).

Moreover, two of the main regions were further split 
into two parts:

1. Patagonia (Figure 123.2):
 a. Eastern part (Patagonia Atlántica);
 b. Western part (Patagonia Andina).
2. Litoral (Figure 123.3):
 a.  Northern part (provinces of Formosa, Misiones, 

Chaco and Corrientes);
 b. Southern part (province of Entre Ríos).

Patagonia Atlántica

In Figure 123.4, the locations of the cities visited during 
the period 1999–2006, i.e., Comodoro Rivadavia, Caleta 
Olivia (in two opportunities), Río Gallegos, Puerto 

Figure 123.1 Map of Argentina showing the six main regions: 
Patagonia, Pampa Húmeda, Cuyo, Center, Litoral and Northwest 
(NOA).
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Figure 123.2 Map of Patagonia split into two regions: 
Patagonia Atlántica and Patagonia Andina.

Figure 123.3 Map of Litoral split into two regions: Litoral North 
and Litoral South.

Madryn, Trelew, Pico Truncado, and Koluel Kayke can be 
seen (Mascaró et al., 2002; Vera et al., 2006).

Endemic Goiter A total of 2395 schoolchildren in 
the above seven cities underwent thyroid palpation; the 
 prevalence of goiter among them is shown in Table 123.1.

The overall prevalence of goiter in Patagonia Atlántica 
was 3.2%, which showed that there is no endemic goiter 
in the region.

Iodine Intake A total of 1107 casual urine samples 
were obtained from the palpated schoolchildren in all 

the above-listed cities of this region. The median urinary 
iodine concentrations can be seen in Table 123.2.

The iodine intake in Patagonia Atlántica, as calculated 
from the overall median urinary iodine content for the 
whole area (248.9 g/l), must be considered optimal.

Patagonia Andina

In Figure 123.5, the locations of the cities visited during the 
period 2000–2004, i.e., Bariloche, El Bolsón, Cipolletti, 
Allen, El Calafate, Los Antiguos, Perito Moreno, 
Cushamen, Esquel, Chiuquilihuin and Junín de los Andes, 
are shown (Vera et al., 2006; Spegni et al., 2003; Bertrand 
et al., 2004).

Endemic Goiter A total of 3267 schoolchildren in the 
above 11 cities underwent thyroid palpation; the preva-
lence of goiter among them is shown in Table 123.3.

The overall prevalence of goiter in Patagonia Andina 
was 4.4%, which suggests that there was no endemic goiter 
in this area. However, when the locations were individually 
analyzed, it was seen that four of them had goiter prevail-
ing in more than 5% of the people. In three out of the 
four cities, the presence of environmental goitrogens is the 
cause of the persistence of such endemic diseases.
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Table 123.1 Goiter prevalence in Patagonia Atlántica

Location Year Prevalence of goiter (%)

Comodoro Rivadavia 1999 2.2
Caleta Olivia 1999 5.0
Caleta Olivia 2006 2.7
Río Gallegos 2002 3.1
Puerto Madryn 2004 3.9
Trelew 2004 2.9
Pico Truncado 2006 2.2
Koluel Kayke 2006 3.7

Table 123.2 Urinary iodine content in the schoolchildren of 
Patagonia Atlántica

Location Year
Median urinary iodine 
content (g/l)

Comodoro Rivadavia 1999 133
Caleta Olivia 1999 314
Caleta Olivia 2006 318
Río Gallegos 2002 161
Puerto Madryn 2004 171
Trelew 2004 196
Pico Truncado 2006 318
Koluel Kayke 2006 380

Figure 123.5 Map showing the locations screened in Patagonia 
Andina.

Figure 123.4 Map showing the locations screened in Patagonia 
Atlántica.
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Iodine Intake A total of 1718 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities of this region. The median urinary iodine con-
centrations can be seen in Table 123.4.

The iodine intake in Patagonia Andina, as calculated 
by the median urinary iodine content for the whole area 
(170 g/l), must be considered optimum. However, as 
mentioned above, there are four cities with a high iodine 
intake but with a prevalence of goiter higher than 5%. In 
the cases of Cipolletti and Allen, the presence of environ-
mental agrochemicals, utilized for the neighboring fruit 
plantations, might be the cause of the disease. In the city of 
El Bolson, it is presumed that the drinking water obtained 
from natural sources contains goitrogens that we are trying 
to identify. Finally, the very less elevated frequency of 
goiter, observed in El Calafate, might be attributed to the 
poverty of the population that we have studied.

Pampa Húmeda

In Figure 123.6, the locations of the cities visited during the 
period 2002–2007, i.e., Santa Rosa, Ataliva Roca, Mar del 
Plata, Bahía Blanca, Bragado, 9 de Julio, Venado Tuerto 

and Rufino, are shown (Melado et al., 2006; Fares Taie   
et al., 2007).

Endemic Goiter A total of 2864 schoolchildren in the 
above eight cities underwent thyroid palpation; the preva-
lence of goiter among them is shown in Table 123.5.

In Pampa Húmeda it is possible to find two different 
profiles. One of them is the classical finding of a nonen-
demic area, which includes five out of the eight cities stud-
ied, where the average percentage of goiter was only 2.2%. 
However, the second profile involves the cities of Mar del 
Plata, Santa Rosa and Ataliva Roca, with a mean frequency 
of goiter of 12.3%. The disease is attributed to the pres-
ence of goitrogens in drinking water.

Iodine Intake A total of 960 casual urine samples 
were obtained from the palpated schoolchildren in all 
the above-listed cities of this region. The median urinary 
iodine concentrations can be seen in Table 123.6.

The iodine intake in Pampa Húmeda, as calculated 
by the median urinary iodine content for the whole area 
(183.2 g/l), must be considered optimal, although the 
city of Ataliva Roca is a little below the minimum value 
accepted by the ICCIDD (100 g/l). Despite the high 

Table 123.3 Goiter prevalence in Patagonia Andina

Location Year Prevalence of goiter (%)

Bariloche 2000 4.3
El Bolsón 2000 8.0
Cipolletti 2001 6.9
Allen 2001 5.6
El Calafate 2002 5.7
Los Antiguos 2003 3.5
Perito Moreno 2003 4.7
Cushamen 2004 3.3
Esquel 2004 2.1
Chiuquilihuin 2004 0
Junín de los Andes 2004 4.3

Table 123.4 Urinary iodine content in the schoolchildren of 
Patagonia Andina

Location Year
Median urinary iodine 
content (g/l)

Bariloche 2000 134
El Bolsón 2000 163
Cipolletti 2001 213
Allen 2001 165
El Calafate 2002 127
Los Antiguos 2003 165
Perito Moreno 2003 107
Cushamen 2004 238
Esquel 2004 214
Chiuquilihuin 2004 176
Junín de los Andes 2004 168

Figure 123.6 Map showing the locations screened in Pampa 
Húmeda.

Table 123.5 Goiter prevalence in Pampa Húmeda

Location Year Prevalence of goiter (%)

Santa Rosa 2002 10.6
Ataliva Roca 2002 17.6
Mar del Plata 2003 8.6
Bahía Blanca 2006 2.0
Bragado 2006 2.9
9 de Julio 2006 1.5
Venado Tuerto 2007 3.5
Rufino 2007 1.3
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iodine intake of most of the population of this Argentine 
region, as already mentioned, the cities of Mar del Plata, 
Santa Rosa and Ataliva Roca still have endemic goiter. In 
the case of Mar del Plata, experimental studies have dem-
onstrated that the drinking water utilized by many inhab-
itants contained goitrogens (Fares Taie et al., 2004). At the 
time of our study, the government authorities of the city 
were changing the source of the drinking water. For this 
reason, our values of the prevalence of goiter were less than 
those in the past, when they were higher than 20%. We 
expect that in the near future, Mar del Plata will be free of 
endemic goiter. For Ataliva Roca, the situation appears to 
be similar, since several studies on the water supply of the 
city have shown the presence of some contaminants, such 
as arsenic compounds, among others. The high prevalence 
of endemic goiter in Santa Rosa is also probably due to the 
same reason.

Cuyo

In Figure 123.7, the nine cities and towns visited during the 
period 2000–2006, i.e., San Juan, Colonia Fiscal, Punta 
Médanos, San Rafael, Villa 25 de Mayo, General Alvear, 
San Luis, Balde and La Rioja, are shown (Morando et al., 
2003; Hereñú et al., 2004; Lucero et al., 2005).

Endemic Goiter A total of 2323 schoolchildren in the 
above nine cities and towns underwent thyroid palpation; 
the prevalence of goiter among them is shown in Table 123.7.

Except for the city of La Rioja, all the other cities and 
towns that we have studied showed some degree of endemic 
goiter. The average percentage of goiter for Cuyo was 7.7%. 
However, the causes of such endemia were not uniform. 
Iodine deficiency, environmental goitrogens and poverty 
contributed to the prevailing endemic goiter in this region.

Iodine Intake A total of 1291 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities and towns of this region. The median urinary 
iodine concentrations can be seen in Table 123.8.

Figure 123.7 Map showing the locations screened in Cuyo.

Table 123.8 Urinary iodine content in the schoolchildren of 
Cuyo

Location Year
Median urinary iodine 
content (g/l)

San Juan 2000  95
Colonia Fiscal 2000 120
Punta Médanos 2000 111
San Rafael 2000  79
Villa 25 de Mayo 2000  94
General Alvear 2000 105
San Luis 2001 141
Balde 2001  98
La Rioja 2006 186

Table 123.7 Goiter prevalence in Cuyo

Location Year Prevalence of goiter (%)

San Juan 2000 8.5
Colonia Fiscal 2000 11.7
Punta Médanos 2000 9.7
San Rafael 2000 5.2
Villa 25 de Mayo 2000 8.5
General Alvear 2000 5.7
San Luis 2001 6
Balde 2001 12
La Rioja 2006 1.8

Table 123.6 Urinary iodine content in the schoolchildren of 
Pampa Húmeda

Location Year
Median urinary iodine 
content (g/l)

Santa Rosa 2002 198
Ataliva Roca 2002 95
Mar del Plata 2003 149
Bahía Blanca 2006 288
Bragado 2006 181
9 de Julio 2006 188
Venado Tuerto 2007 n.a.y
Rufino 2007 n.a.y.

Note: n.a.y., not available yet.
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The iodine intake was low in three cities, although the 
fourth one, San Rafael, was more important. Most prob-
ably, the cause of the level of 5.2% of goiter in San Rafael 
was due to decreased iodine intake. It was observed that in 
the cases in which we found a lower median urinary iodine 
excretion, the consumption of inadequately iodized salt 
from local brands was evident. However, in cities such as 
San Luis or General Alvear, the poverty of the population 
may explain the prevalence of the very low level of endemic 
goiter. In Colonia Fiscal, Villa 25 de Mayo and Balde, the 
presence of goitrogens in the drinking water, besides pov-
erty, and, to some degree, iodine deficiency, could be the 
possible reason. The endemic goiter in the town of Punta 
Médanos might be the result of the protein malnutrition 
of the children. In any event, taking into account that in 
such a region, prior to salt iodization, the percentage of 
goiter in the young population was higher than 70%, it is 
possible to assess that iodine prophylaxis has significantly 
decreased the prevalence of endemic goiter.

Center

In Figure 123.8, the four cities visited during the period 
2001–2004, i.e., Alta Gracia, Monte del Rosario, Frías 

Table 123.9 Goiter prevalence in the Center region

Location Year Prevalence of goiter (%)

Alta Gracia 2001  4.2
Monte del Rosario 2001 11.4
Frías 2004  3.8
Santiago del Estero 2004  3.9

Table 123.10 Urinary iodine content in the schoolchildren of 
the Center region

Location Year
Median urinary iodine 
content (g/l)

Alta Gracia 2001 124
Monte del Rosario 2001  85
Frías 2004 136
Santiago del Estero 2004 133

Figure 123.8 Map showing the locations screened in the 
Center region.

and Santiago del Estero, can be seen (Ortiz Arzelán  
et al., 2004).

Endemic Goiter A total of 1102 schoolchildren in the 
above four cities underwent thyroid palpation; the preva-
lence of goiter among them is shown in Table 123.9.

Except Monte del Rosario, none of the other cities have 
endemic goiter.

Iodine Intake A total of 647 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities of this central region of Argentina. The median 
urinary iodine concentrations can be seen in Table 123.10.

While there is no endemic goiter in the Center region, 
Monte del Rosario appeared to be a particular exception. 
Although there is no doubt that the increased percent-
age of goiter is due to iodine deficiency, the cause of this 
deficiency is unique. In Monte del Rosario, the popula-
tion does not use salt from local brands. Moreover, they 
use salt from the two main national brands that are known 
to be properly iodized at the factory level. However, one 
of them is mainly sold to the people, through local stores, 
but not in the original packaging. To sell this brand of salt 
at a cheaper price, the salt is kept outside of the original 
containers in order to split the amount of salt according 
to the client’s request. Then, the iodine content is reduced 
by volatilization. For this reason, no goiter was observed in 
those schoolchildren who brought the brand of salt sold in 
the original packaging, while 18% of those using the other 
brand suffered from goiter. The urinary iodine content 
was, of course, significantly lower in the latter group of 
children, as was as the mean iodine content in this brand 
of salt.

Litoral North

In Figure 123.9, the seven cities visited during the period 
1999–2005, i.e., Resistencia, Apóstoles, Posadas, Clorinda, 
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Formosa, Corrientes and Paso de la Patria, can be seen 
(Pereyra et al., 2002; Escalada et al., 2003; Atencia et al., 
2007).

Endemic Goiter A total of 2444 schoolchildren in the 
above seven cities underwent thyroid palpation; the preva-
lence of goiter among them is shown in Table 123.11.

Endemic goiter was observed in all but one city of 
this region. Moreover, in the cities of Resistencia and 
Apóstoles, where the children who attend school in the 
afternoon have a markedly lower socioeconomic status 
than the others, the percentage of goiter was double that 
observed in the schoolchildren attending school in the 
morning. The reason why poverty increased the prevalence 
of goiter in this area is the huge consumption of cassava by 
the poor people in their daily meals. It is well-known that 
cassava is a source of thyocyanate, which is goitrogenic.

Iodine Intake A total of 1484 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities of this region. The median urinary iodine con-
centrations can be seen in Table 123.12.

Except Formosa, all the other cities had a high iodine 
intake. In the case of Paso de la Patria, which was the only 
city without endemic goiter, the urinary iodine content 

was, by far, the highest. Hence, it is possible to conclude 
that iodine deficiency is not the cause of endemic goiter 
in this area. As already mentioned, the goitrogenic cassava 
was responsible for the high percentage of goiter found in 
the inhabitants of the Litoral North area.

Litoral South

In Figure 123.10, the four cities visited during the period 
2003–2005 are shown. All of them belong to the Entre 
Ríos province, which is located in the southern part of 
the Argentine Mesopotamia. They are Concordia and 

Figure 123.9 Map showing the locations screened in Litoral 
North.

Table 123.11 Goiter prevalence in Litoral North

Location Year Prevalence of goiter (%)

Resistencia 1999 8
Apóstoles 2000 14.1
Posadas 2000 19.3
Clorinda 2003 13
Formosa 2003 17.7
Corrientes 2005 5.5
Paso de la Patria 2005 4.1

Table 123.12 Urinary iodine content in the schoolchildren of 
Litoral North

Location Year
Median urinary iodine 
content (g/l)

Resistencia 1999 136
Apóstoles 2000 169
Posadas 2000 125
Clorinda 2003 155
Formosa 2003 92
Corrientes 2005 159
Paso de la Patria 2005 282

Figure 123.10 Map showing the locations screened in Litoral 
South.
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Chajari, on the coast of the Uruguay river, and Paraná and 
Diamante, on the Paraná river coast.

Endemic Goiter A total of 1230 schoolchildren in the 
above four cities underwent thyroid palpation; the preva-
lence of goiter among them is shown in Table 123.13.

The overall prevalence of goiter in the province of Entre 
Ríos was 3.3%, which shows that there is no endemic 
goiter in the Litoral South region.

Iodine Intake A total of 501 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities of this region. The median urinary iodine con-
centrations can be seen in Table 123.14.

The iodine intake in this area was optimal, as judged by 
the median urinary iodine excretion of 183 g/l.

Northwest (NOA)

In Figure 123.11, the nine cities and towns, visited dur-
ing the period 1999–2006, i.e., Catamarca, Villa de 
Pomán, La Aguada, Jujuy, Tilcara, Tucumán, Banda del 
Río Salí, El Manantial and Chilecito, can be seen (Bollada  
et al., 2002; Basbus et al., 2005; Rank et al., 2006).

Endemic Goiter A total of 2222 schoolchildren in the 
above nine cities and towns underwent thyroid palpation; the 
prevalence of goiter among them is shown in Table 123.15.

Endemic goiter is still present in this area. In some 
places it is due to iodine deficiency, but in some others 
it is the consequence of the presence of environmental 
goitrogens, most probably in the drinking water. Poverty 
also plays a major role in the prevalence of goiter in El 
Manantial and Banda del Río Salí. In Banda del Río 
Salí, because of great disparity in the social status of the  

Table 123.15 Goiter prevalence in the Northwest (NOA) region

Location Year Prevalence of goiter (%)

Catamarca 1999  4.5
Villa de Pomán 1999 30.4
La Aguada 1999 19.2
Jujuy 2002  4.1
Tilcara 2002 10.9
Tucumán 2002  3.6
Banda del Río Salí 2002  6.3
El Manantial 2002 13
Chilecito 2006  2.6

Table 123.14 Urinary iodine content in the schoolchildren of 
Litoral South

Location Year
Median urinary iodine 
content (g/l)

Concordia 2003 152
Chajarí 2003 123
Paraná 2005 161
Diamante 2005 295

Table 123.13 Goiter prevalence in Litoral South

Location Year Prevalence of goiter (%)

Concordia 2003 5.1
Chajarí 2003 4.3
Paraná 2005 0.9
Diamante 2005 2.9

Figure 123.11 Map showing the locations screened in the 
Northwest (NOA) region.

students, those who attended school in the afternoon (max-
imal poverty) had a prevalence of goiter of 8.9%, against 
the 3.6% found in those attending school in the morning.

Iodine Intake A total of 1084 casual urine samples were 
obtained from the palpated schoolchildren in all the above-
listed cities of this region. The median urinary iodine con-
centrations can be seen in Table 123.16.

In this part of Argentina, iodine deficiency is still a 
major concern. In the five cities and towns with a low  
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urinary iodine excretion, the main problem is the con-
sumption of local brands of salt that are insufficiently 
iodized or have no iodine at all. Moreover, it is surprising 
that the children of the cities of Tucumán and Jujuy do not 
have a high prevalence of goiter, as could be expected from 
the low levels of urinary iodine. However, the explanation 
might be the consumption of mangoes during the summer 
time, which prevents the development of goiter during 
fall and winter. Due to the high cost of the mango, it is 
more easily available to schoolchildren with a lesser degree 
of poverty. Since Tucumán and Jujuy are the capital cities 
of their respective provinces, the schools visited have stu-
dents who are less poor than those living in smaller cities 
and towns. What we have observed in Banda del Río Salí 
(see above), regarding the difference in the prevalence of 
goiter between the children going to school in the morn-
ing and those attending in the afternoon, is another exam-
ple of the relationship of goiter and poverty. On the other 
hand, the presence of environmental goitrogens appears to 
be the cause of the high prevalence of goiter found in Villa 
de Pomán and La Aguada. It is worth noting that, in the 
past, prior to iodine prophylaxis, Villa de Pomán used to 
be called “Villa de los Cotudos” (goiter village) due to the 
fact that all its inhabitants had goitrous thyroid glands.

Buenos Aires city and its metropolitan area

Although the city of Buenos Aires, together with the Great 
Buenos Aires district, was not included in this national pro-
gram, a survey of the prevalence of goiter and iodine intake 
had already been performed by our teams (Bernatené et al., 
2002; Niepomniszcze et al., 2004; Niepomniszcze, 2006). 
We found that the Buenos Aires area is free of endemic 
goiter, and that the median urinary iodine concentration 
was in the normal range (175 g/l).

Summary Points

l The results of a national program, developed in 
Argentina by the CACDDI of the FASEN, were pre-
sented. This program was conducted between 1999 and 

2007 and was supported by Química Montpellier S.A. 
from Argentina.

l This program was concerned with the development 
of a survey for monitoring goiter and iodine intake in 
schoolchildren all over the country.

l The survey was based on thyroid palpation of school-
children done by a single person (one of us: H.N., as 
the director of the program); measurement of the iodine 
concentration of casual urine samples, obtained imme-
diately after thyroid palpation; and measurement of 
the iodine content in samples of salt brought from the 
households by students.

l To control the quality of thyroid palpation done by 
H.N., his results were matched, in the city of Alta 
Gracia, against those obtained by ultrasound (volumet-
ric measurements), by the international team of the 
renowned ThyroMobil program. The percentages of 
goiter found in similar schoolchildren were as follows: 
H.N.  4.2%, ThyroMobil  3.7%. There were no 
significant differences between the two values.

l A total of 17847 schoolchildren aged 5–15 years were 
included in this program. Iodine concentration was 
measured in 8792 urine samples, while iodine content 
was measured in samples of salt from more than 13000 
households.

l For geographical purposes, in order to obtain a better 
understanding of the distribution of endemic goiter, 
the country was divided into six main regions, two of 
them further split into two, as follows: (1) Patagonia 
(Patagonia Atlántica and Patagonia Andina); (2) Pampa 
Húmeda; (3) Cuyo; (4) Center; (5) Litoral (Litoral 
North and Litoral South; and (6) NOA.

l In Patagonia Atlántica, there was no endemic goiter and 
the iodine intake was optimum.

l In Patagonia Andina, the schoolchildren had an optimal 
iodine intake. However, a small increase in the preva-
lence of goiter was observed in some cities due to the 
ingestion of environmental goitrogens.

l The iodine intake in Pampa Húmeda must be consid-
ered optimal. However, the cities of Mar del Plata, Santa 
Rosa and Ataliva Roca still have endemic goiter. There is 
some evidence that environmental goitrogens are present 
in the drinking water.

l In Cuyo, most of the schoolchildren had a small degree 
of endemic goiter; iodine deficiency, environmen-
tal goitrogens and poverty were the main causes of the 
endemia.

l While there is no endemic goiter in the Center region, 
the city of Monte del Rosario appeared to be a particu-
lar exception. This was because some of its people were 
using salt that was not kept in the original packaging, 
thereby decreasing its iodine content.

l In Litoral North, most of the children have endemic 
goiter with high iodine intake, the major reason being 
the huge consumption of cassava in their diet.

Table 123.16 Urinary iodine content in the schoolchildren of 
the Northwest (NOA) region

Location Year
Median urinary iodine 
content (g/l)

Catamarca 1999 107
Villa de Pomán 1999 154
La Aguada 1999 115
Jujuy 2002  46
Tilcara 2002  44
Tucumán 2002  66
Banda del Río Salí 2002  58
El Manantial 2002  46
Chilecito 2006 185
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l The overall prevalence of goiter in Litoral South was 
3.3%, while the iodine intake was optimal, indicating 
that there is no endemic goiter in this area.

l In the NOA part of Argentina, iodine deficiency is due 
to the consumption of insufficiently or noniodized local 
brands of salt. In some other places with a very high 
iodine intake, the presence of environmental goitrogens 
is responsible for the high prevalence of goiter.

l Buenos Aires is free of endemic goiter, and the median 
urinary iodine concentration was in the normal range.

l Considering Argentina as a whole, we can say that most 
of the population is free of endemic goiter and has an 
optimal iodine intake. However, there are some regions 
of the country where iodine deficiency still persists. 
This is due to the consumption of salt from local fac-
tories that are not following the laws for optimal iodi-
zation. Moreover, poverty and environmental goitrogens 
are other factors that contribute to the development of 
goiter in people who have an optimum iodine intake.
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Abstract

The body requirements of iodine are minimal in order to 
avoid public health problems. Goiter, hypothyroidism, cre-
tinism, congenital anomalies, reproductive problems, and 
increased neonatal and infant mortality are severe conse-
quences of iodine deficiency. Two factors contribute to the 
prevalence of these disorders: (1) the impact of the social sce-
nario and difficulty in obtaining food and nutritional safety; 
and (2) the non-availability of iodine in the soil. To control 
and eradicate the disorders caused by its deficiency, supple-
mentation with iodine by means of iodized salt ingestion has 
been recommended since the last century. Supplementation 
using salt is a strategy practiced worldwide, including Brazil, 
recommended by the World Health Organization. In 2003, 
the Brazilian Health Surveillance Agency re-established  
the recommendation regarding iodine content in salt for 
human consumption: 20 to 60 mg of iodine per kilogram of 
salt. From the first national inquiry, performed in 1955, up 
to the third inquiry, in 1995, and the Thyromobil Project, 
in 2001, the surveys show a significant reduction in goiter 
among school-aged children, with a prevalence lower (1.4% 
in 2001) than that considered acceptable by the World 
Health Organization, i.e., 5%. The disease is no longer 
endemic, although it is still a localized health issue in the  
central–western and northern regions. These results are related 
to the salt iodization measures implemented in the country 
during the 1980s. The control of iodine deficiency disorders  
in Brazil depends on systematic action to ensure constant 
monitoring of the population’s nutritional status regarding 
iodine, provide inspection of salt production by the indus-
try and maintain the iodization reference standards. And 
finally, it also depends on public concern, represented by 
constant advances of pertinent legislation, so that it follows 
progress of the control of iodine levels and the eradication of  
disorders caused by its deficiency.

Abbreviations

AI Adequate intake
ANVISA Brazilian Health Surveillance Agency
DRA Daily recommended dietary allowance
FAO Food and Agriculture Organization
FINEP Study and Project Funding Agency
FNB Food and Nutrition Board
ICCIDD  International Council for the Control of 

Iodine Deficiency Disorders
IDDs Iodine deficiency disorders
INAN Brazilian Nutrition and Food Institute
PCBE Program against Endemic Goiter
PNCDDI  National Program against Iodine 

Deficiency Disorders
POF Family Budget Survey
Pró-Iodo  National Program for Prevention and 

Control of Iodine Deficiency Disorders
RDA Recommended Dietary Allowances
TSH Thyroid-stimulating hormone
WHO World Health Organization

Introduction

Iodine and health

Iodine deficiency is the primary preventable cause of brain 
damage and psychomotor development retardation, and 
hence is a global public health issue. According to the 
United Nations International Council for the Control of 
Iodine Deficiency Disorders (ICCIDD), approximately 
half of the world’s population presented some degree of 
dietary iodine deficiency in 2002 (International Council 
for the Control of Iodine Deficiency Disorders, 2002).
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At the end of the twentieth century, approximately 655 
million people were estimated to have goiter and more 
than 90 million some kind of brain damage (WHO, 1996; 
WHO/Nutrition Program, 1996).

In addition to these alarming statistics, the prevalence 
of more subtle alterations, such as subclinical hypothy-
roidism, increase in perinatal mortality, poor school  
performance and socioeconomic stagnation, should also 
be considered. These situations are often underestimated 
when iodine deficiency is mild or moderate (Lamberg, 
1993).

It is therefore important to assess the iodine intake lev-
els of the population to identify iodine deficiency prior to 
the onset of more apparent manifestations. Together with 
investigations of the prevalence of goiter, epidemiological 
indicators, such as urinary excretion of iodine and neo-
natal levels of thyroid-stimulating hormone (TSH), have 
been used. Of these methods, ioduria is the most widely 
used biochemical marker, due to the low cost and the 
simplicity of the testing procedure (Esteves, 1997; Dunn  
et al., 1993).

Even though the body’s requirement for iodine is mini-
mal – approximately 1–2µg/kg of body weight for adults –  
the intake of iodine should be met on a regular basis to 
prevent disorders arising from low intake, especially when 
associated with socioeconomic conditions that trigger 
nutritional risk, as is the case with a large portion of the 
Brazilian population (Zelaya, 1994).

Daily recommended dietary allowance of 
iodine worldwide and in Brazil

In 2001, the recommended dietary allowance (RDA) of 
iodine was re-evaluated by the Food and Nutrition Board 
(FNB) of the United States Institute of Medicine. The new 
amounts were calculated using several methods, including 
the measurement of iodine accumulation in the thyroid 
glands of individuals with normal thyroid function (Food 
and Nutrition Board, 2001) (Table 124.1).

In Brazil, the recommended iodine intake is 100–
200 mcg in regions where there are no deficiency disorders. 
However, the recommended intake for the population 
of regions where the prevalence of deficiencies is high is 
between 300 and 400 mcg (Vannucchi et al., 1990).

Average iodine requirements range between 90 mcg 
(children aged 2–6 years) and 150 mcg (children aged 12 
years and above, adolescents and adults). Pregnant women 
are among those with the highest iodine requirements 
(200 mcg/day). Optimal iodine intake levels range between 
120 and 220 mcg/day, within a range of acceptable varia-
tion between 100 and 300 mcg/day (Brasil, 2005; National 
Research Council, 1989).

In areas where iodine is not added to the water supply or 
food products meant for humans or domesticated animals, 
the primary sources of dietary iodine are saltwater fish,  

seaweed and grains (trace amounts). The upper limit of 
safe daily iodine intake is 1100 mcg/day for adults, while it 
is lower for children.

Although it has been recommended that the Brazilian 
population should reduce their consumption from 10 to 
5 g/day, the intake is expected to remain at adequate levels, 
i.e., between 100 and 300 mcg of iodine (Brasil, 2005). In 
addition, even though salt remains the primary source of 
iodine, it can be supplied by other types of food products 
(Nimer, 1997).

Iodine Deficiency

There are two factors that currently contribute to the 
worldwide prevalence of diseases associated with the defi-
ciency of this micronutrient: first, the impact of the social 
scenario and of nutritional deficiency due to difficulties in 
having access to proper food in terms of both quality and 
quantity; and secondly, the non-availability of iodine in 
the soil.

This situation is seen in Brazil, especially in sedimentary 
water basins, such as those of the São Francisco, Amazon 
and Paranaica rivers. This situation is made even worse by 
the disruption of environmental balance due to progressive 
deforestation, the expansion of cattle raising and farm-
ing, and urbanization, which deplete iodine from the soil 
(Esteves, 1997; Viera Filho, 1972; Vieira Filho, 1981).

Dietary iodine deficiency also results from other prac-
tices that are typical of modern life. A large portion of 
the salt currently consumed comes from industrialized 
food products that do not contain iodine, because of the 
instability that it causes in industrialized foods (Brasil/
Ministério da Saúde/ANVISA, 2003). Iodine from meat 
and milk has also been reduced, due to changes in livestock  
raising and feeding methods (Health Eating Club, 2003).

Table 124.1 Recommended dietary allowances (RDA) for 
iodine in males and females (g/day)

Life stage Age
Males 
(g/day)

Females 
(g/day)

Infants 0–6 months 110 (AI) 110 (AI)
Infants 7–12 months 130 (AI) 130 (AI)
Children 1–3 years 90 90
Children 4–8 years 90 90
Children 9–13 years 120 120
Adolescents 14–18 years 150 150
Adults 19 years and older 150 150
Pregnancy All ages – 220
Breast-feeding All ages – 290

Notes: AI, adequate intake. Established by the Food and Nutrition 
Board of the US Institute of Medicine, the AI is a recommended 
intake value based on observed or experimentally determined 
estimates of nutrient intake by a group of healthy people that are 
assumed to be adequate.
Source: Food and Nutrition Board (2001).
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The most evident disorders caused by low daily intake 
of iodine are goiter and cretinism, but the so-called iodine 
deficiency disorders (IDDs) include other disorders such 
as mental retardation, hearing loss and nanism. Iodine 
deficiency in pregnant women may cause miscarriage, con-
genital anomalies, and neonatal and infant mortality. In 
children and adolescents, it causes goiter, hypothyroidism, 
and mental and growth retardation. Adults with iodine 
deficiency present hypothyroidism, goiter and reduced 
mental ability.

IDDs are still a problem restricted to remote regions 
of Brazil, probably due to the intake of non-iodized salt 
by rural populations. Goiter is not a localized problem; its 
highest prevalence rates are in the central–west and north-
ern regions, in the states of Amazonas, Acre, Rondônia, 
Maranhão, Tocantins, Mato Grosso do Sul and along the 
borders of these regions with the northeast region. In the 

states of Minas Gerais, São Paulo and Bahia, goiter is no 
longer endemic (Knobel and Medeiros-Neto, 2004; Corrêa 
Filho et al., 2002). Figure 124.1 helps to clarify the infor-
mation on where IDDs occur in Brazil.

Iodine deficiency disorders in Brazil

The first studies on goiter prevalence in Brazil were con-
ducted in the states of São Paulo, Minas Gerais, Rio de 
Janeiro, Mato Grosso, and Paraná in the 1930s and 1940s. 
These studies showed a high incidence of goiter.

In Minas Gerais, for example, a study showed an 
endemic mean goiter rate of 44% and identified cretinism, 
deaf-mutism, and mental retardation in the most affected 
areas. In Sao Paulo, between 1940 and 1947, 22000 pre-
school children and adolescents were assessed, and the 
occurrence of goiter varied from 5 to 10% in the coastal 
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area and from 70 to 90% in the interior (Scrimshaw, 
1954; Dantas, 1986).

These studies provided evidence that the prevalence of 
goiter was higher in rural than in urban areas, in public 
than in private schools, and in the lower socioeconomic 
and lower educated strata (Dantas, 1986).

To delimit endemic goiter regions in Brazil and to 
enable correct enforcement of the Salt Iodization Act of 
1953, the first Brazilian inquiry on iodine deficiency was 
conducted in 1955. The study included the assessment of 
more that 86000 schoolchildren aged between 5 and 17 
years and showed a goiter prevalence of 20.7%. Endemic 
goiter areas were also delimited (Medeiros Filho, 1976).

In the period from 1974 to 1976, a second national 
inquiry was conducted that involved 421752 schoolchil-
dren (203251 boys and 218501 girls) aged between 7 
and 14 years. This study showed a prevalence of goiter of 
14.1% (11.7% for boys and 16.3% for girls).

In the 20 years that elapsed between the two inquir-
ies there was a reduction of only 6.5% in the occurrence 
of goiter. However, there was a significant reduction in 
visible, grade III goiter. Based on this survey, 15 million 
people were estimated to have goiter in Brazil (Medeiros 
Filho, 1976).

In 1990, the levels of endemic goiter were monitored, 
and its prevalence was estimated in 13 municipalities of five 
Brazilian states. This study showed the need for updating 
the data on endemic iodine deficiency at a national level, 
associating the study on the prevalence of goiter with the 
determination of iodine urinary excretion levels to ascertain 
the actual size of the problem, and with the levels of iodine 
in the salt consumed at the regional level (Esteves, 1997).

As a result of this demand, in 1995 a third national 
inquiry was carried out, and this was the first study to assess 
iodine levels in urine in Brazil (16803 urine samples of 
male and female schoolchildren aged from 8 to 10 years).

Of the 401 municipalities studied, 4 had a moderate 
prevalence of iodine deficiency, and in 116 the existence of 
mild iodine deficiency was observed. Since these areas pre-
sented mild and moderate levels of deficiency, it became 
apparent that the endemic disease control policy should 
focus on addressing the more subtle manifestations of 
iodine deficiency. The study showed that, despite the salt 
iodization program, some iodine-deficiency endemic areas 
still existed in Brazil (Esteves, 1997).

In 2000, a survey was conducted in 21 cities of 8 
Brazilian states. It was called the Thyromobil Project, 
and aimed at updating IDD data for Brazil, while observ-
ing the progress of the salt iodization strategy. The study 
assessed 2013 male and female schoolchildren aged from 6 
to 14 years. For the first time, thyroid volume was assessed 
by ultrasound. The major studies on goiter prevalence in 
Brazil are listed in Table 124.2.

Another strategy used in the Thyromobil Project was 
the assessment of iodine content in samples of urine and 

of the salt consumed by the population. The prevalence 
of goiter was 1.4%, and 86% of the schoolchildren had 
high levels of iodine excretion in urine. The rate of goiter 
prevalence was shown to be lower than the levels deemed 
acceptable internationally (5%) (Duarte et al., 2004; Rossi 
et al., 2001; Pretel, 2000).

Occurrences relating to the urinary content of iodine in 
schoolchildren and to the presence of potassium iodate in 
salt samples in the two large surveys conducted in Brazil 
are listed in Tables 124.3 and 124.4.

Data on salt consumption in Brazil indicate an average 
intake of 16.76 g/day per inhabitant, in 2000, with a rising 
trend (SENAI, 2001). If we estimate that 10% of this total 
is used for animal feeding and is wasted, a daily intake of 
15.09 g of salt per person can be inferred (Brasil/Ministério 
da Saúde, 2005). In comparison with the average intake 
of salt in industrialized countries, which is 8–9 g/day, 
salt intake in Brazil ranks among the highest worldwide 
(Intersalt/Cooperative Research Group, 1988).

Similarly, information obtained from the Family 
Budget Survey (Pesquisa de Orçamentos Familiares – POF)  

Table 124.2 Studies on goiter prevalence in Brazil

Study Date
Sample 
(schoolchildren)

Goiter 
prevalence (%)

1st national 
 inquiry

1955 86 217 20.7

2nd national 
 inquiry

1975 421 752 14.1

Periodic 
 monitoring

a 12 426 b

3rd national 
 inquiry

1995 178 774 4.0

Thyromobil 
 project

2001 2013 1.4

aConducted in 1990.
bOccurrence of iodine deficiency among schoolchildren (18.2% 
in Maranhão, 22.0% in Pará, 35.8% in Goiás, 38.8% in Tocantins 
and 47.5% in Minas Gerais).

Table 124.3 Iodine urinary content in two studies conducted 
in Brazil

Study Date Urine samples Results

3rd national 
 inquiry

1995 16,803 Mild and 
 moderate 
 deficiency in 33% 
 of the samples

Thyromobil 
 Project

2001 2013 Elevated levels of 
 urinary excretion 
 in 86% of the 
 samples

Note: Results of iodine content in urine obtained in the last two 
studies conducted in Brazil.



2002–2003 indicate, based on the amounts spent on house-
hold salt, that the estimated per capita intake is 9.6 g/day 
(Brasil, 2004).

This information supports the need to reduce salt intake 
by the Brazilian population to at least half the current intake 
so as to reach the maximum per capita intake levels recom-
mended by the World Health Organization (WHO), which 
is 5 g of salt per day. Even with this reduction, it will be 
possible to maintain adequate intake levels of iodine (100–
300 mcg) without affecting the initiatives to prevent and 
control IDD (Brasil/Ministério da Saúde, 2005).

Iodine Supplementation: Salt Iodization

Iodine deficiency has been a concern since the beginning 
of the twentieth century, and has been included among 
the major global health challenges. The iodization of 
household salt was proposed in the 1920s in the state of 
Michigan in the United States as a prophylactic and thera-
peutic measure designed to minimize the incidence and 
prevalence of goiter and iodine deficiency. It was quickly 
adopted by all the “salt user” societies of North America 
and Europe. The method was later extended to numerous 
countries worldwide and was implemented in developing 
countries in the 1950s and 1960s (Diserio et al., 1986; 
Iodo…, 1993; Zelaya, 1994).

However, despite the adoption of legislation providing 
for salt iodization worldwide, sometimes the law is diso-
beyed, applied in a flawed fashion, or discontinued. For 
example, the salt iodization measures adopted in Brazil 
during the 1980s was recognized and recommended by the 
WHO as a model program to other countries.

However, in the period from 1992 to 1995, because of 
logistics and legal issues, the supply of potassium iodate 
to salt-refining companies was often disrupted. In many 
of the country’s regions, there were accusations that the 
addition of iodine to salt was not being carried out in 
the appropriate ratio (Knobel and Medeiros-Neto, 2004; 
Medeiros Neto, 1998; Nimer, 1997).

The situation got back to normal with the approval of Law 
9.005 of March 1995, which provided for the distribution of 
potassium iodate to the Brazilian salt industry by the Ministry 
of Health.

A survey conducted in the city of Ouro Preto, state of 
Minas Gerais, in 1996, showed that 58.6% of salt samples 
collected at the households of 278 students of two elemen-
tary and junior high schools had a salt content below the 
legislation requirements. The study also showed that more 
than 57% of students of one of the schools had some 
degree of deficiency in urinary iodine (Nimer et al., 2002). 
Despite the fact that supplementation in salt is a legal 
requirement, the samples collected in Ouro Preto’s market 
places presented iodine levels lower than that required by 
the Brazilian government decree (Nimer et al., 2000).

This situation can be even more serious if we consider 
that the city above mentioned is located in a mountain-
ous area distant from the coast. As is the case in several 
regions throughout Brazil, the inhabitants have no access 
to any type of seafood, which can explain the occurrence 
of a significant statistical association between two vari-
ables analyzed in the study: iodine content of salt for human  
consumption and ioduria (Nimer, 1997).

Similar findings were observed in surveys on the iodine 
content in salt for consumption in other Brazilian regions 
(Silveira et al., 1996; Contreras, et al., 1994; Montecinos, 
et al., 1985; Silveira and Amato, 1981).

The result of the third national inquiry on the preva-
lence of goiter, conducted in 1995, also showed that 50% 
of salt samples had less than 20 mg of iodine. In 7% of 
the samples, the iodine content was below 10mg/kg of salt 
(Corrêa Filho et al., 2002).

In 1997, with the closure of the Brazilian Nutrition 
and Food Institute (INAN), the National Program for 
Iodine Deficiency Disorder Control was terminated. 
The purchase, distribution and control of iodization of  
salt was then distributed to several organizations within 
the Ministry of Health, leading to complaints from the 
Brazilian Association of Salt Producers about disruptions in 
the provision of potassium iodate (Medeiros-Neto, 1998).

In 1999, the Brazilian Health Surveillance Agency 
(ANVISA) was created. It is a regulatory agency under the 
Ministry of Health whose primary objective is to protect 
the population’s health through sanitary control of the 
production and sale of goods and services subject to health 
surveillance. Issues relating to salt iodization became the 
responsibility of this agency as of its creation.

Table 124.4 Presence of potassium iodate in salt samples in two studies conducted in Brazil

Potassium iodate added to salt

Study Date Salt samples mg/kg %

3rd national inquiry 1995 101559 20 50.0
10  7.0

Thyromobil Project 2001 1300 15 87.8
60 47.4

Note: Values of potassium iodate added to salt obtained from two studies conducted in Brazil 
(1995, 2001).

Iodization of Salt and Iodine Deficiency Disorders in Brazil 1207
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Changes in Brazilian legislation relative to 
salt iodization

The First Latin American Conference on Nutrition, held 
in Montevideu (Uruguay) in July 1948, discussed many 
nutritional problems, and focused primarily on salt iodi-
zation, both as a measure to meet human iodine require-
ments, and as a means to eradicate endemic goiter. It also 
discussed the legalization of this procedure and included a 
recommendation on the content of iodine that should be 
added to salt.

The issue was further debated at the Second Latin 
American Conference on Nutrition, held in Rio de 
Janeiro, Brazil, in June 1950 and at the Third Regional 
Latin American Conference on Nutrition, held in Caracas, 
Venezuela, sponsored by the WHO/Food and Agriculture 
Organization (FAO) in October 1953 (Scrimshaw, 1954).

In these summits, in view of the fact that goiter cases 
and other IDDs were shown to occur in several states of 
Brazil, the Brazilian government recognized the need to 
legalize salt iodization (Scrimshaw, 1954; Dantas,1986). 
To this end, the first law, Law no. 1944, of 14 August 
1953, was created that mandated the iodization of refined 
or ground household salt consumed in endemic goiter 
regions in Brazil (Dantas,1986; Medeiros-Neto, 1988).

After the first national inquiry, in 1955, that diagnosed 
goiter in 20.65% of 86217 schoolchildren examined, 
endemic goiter regions of Brazil were delimited. This gave 
rise to Decree No. 1814, of 17 August 1956, that comple-
mented the law passed on 14 August 1953 (Dantas, 1996; 
Brasil, 1996; Dantas, 1986).

With the approval of Law no. 6.150, of 3 December 
1974, which provided for the mandatory iodization of salt 
for human consumption throughout Brazil, the respon-
sibility for acquiring iodine and the necessary equipment 
was shifted to salt producers. The law maintained the 
10 mg/kg of salt content requirement and provided for 
the replacement of potassium iodide by potassium iodate, 
which is a much more stable compound with lower water 
solubility (Dantas, 1996; Brasil, 1996; Demayer et al., 
1979).

In 1975, the second national inquiry was conducted 
which diagnosed the occurrence of goiter in 14.1% of a 
sample of more than 400000 schoolchildren. Despite the 
problem that existed, salt iodization was suspended in the 
period from 1974 to 1982, although two decrees were 
issued: Decree No. 75.687, of 6 May 1975, which estab-
lished quality and standardization criteria to mark salt 
for human consumption, and Decree No. 80.563, of 20 
October 1977, which regulated the quality and formula-
tion of salt for animal consumption.

In 1978, the Ministry of Health created the Program 
against Endemic Goiter (PCBE). However, it was only in 
February 1982 that this program was effectively imple-
mented, and it included two subprograms: salt iodization 
and epidemiological surveillance. In January 1983, the 

ministry began implementing the salt iodization program 
with the introduction of innovative procedures such as:

(a) Ensuring the purchase of iodine in the form of potas-
sium iodate by all salt producers;

(b) Registering all salt producers;
(c) Increasing the iodine content in salt from 10 to 

30 mg/kg.

The consolidation of these actions enabled more effective 
results as of 1986, when it was shown that 98% of salt con-
sumed in Brazil was iodized (Dantas,1996; Silveira et al., 
1996; Minazzi-Rodrigues and Mussi de Mira, 1994; Brasil, 
1989; Medeiros-Neto, 1988).

In the period 1984–1994, the Ministry of Health sup-
plied 630 tons of potassium iodate to manufacturers, and 
of a total of 830139 samples of salt analyzed, more than 
97% had an iodine content above the minimum recom-
mended content of 10 mg/kg (Dantas, 1996).

Also in 1994, the PCBE was reshaped and became the 
National Program against Iodine Deficiency Disorders 
(PNCDDI). At that time, the program focused on raising 
awareness of the need to increase the iodine content of salt 
in compliance with international recommendations and 
on the convenience of having the Ministry of Health sup-
ply the iodate (Dantas, 1996).

With the passing of new legislation, the Ministry of 
Health established the limit of metalloid iodine 40–60 mg/
kg of salt suited for human consumption. In March 1995, a 
law was issued whereby the Ministry of Health was to estab-
lish the content of iodine per kilogram of salt and author-
ized the supply of iodate to salt processing facilities. The 
display or delivery of common or refined salt without the 
mandated iodine content was forbidden. Failure to comply 
with the mandatory iodine content of 40 mg/kg of salt or 
above, up to a maximum of 60 mg/kg, was considered a san-
itary violation (Dantas, 1996; Brasil/Ministério da Saúde, 
1996; Silveira et al., 1996; Minazzi-Rodrigues, 1995).

In 1999, one of the first measures taken by ANVISA 
was the issue of Ordinance No. 218, of 24 March 1999. 
According to this ordinance, only salt that contained 
iodine of 40 mg/kg of salt or more was deemed suitable for 
human consumption, up to a limit of iodine 100 mg/kg.

In 2003, after the publication of the results of the 
Thyromobil Project (2001) relative to excessive iodine 
found in urine, ANVISA changed the recommendation 
on iodine content for human consumption, lowering it 
to iodine of 20–60 mg/kg of salt, which remains valid to 
date (Brasil, 2003). Table 124.5 shows an overview of the 
Brazilian legislation on salt iodization.

Overview and Current Actions

In December 2005, the PNCDDI was reshaped and called 
National Program for Prevention and Control of Iodine 
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Deficiency Disorders (Pró-Iodo), and the Interinstitutional 
Committee for Prevention and Control of Iodine Deficiency 
Disorders developed a Technical and Operational Handbook, 
under the coordination of the Ministry of Health (Brasil/
Ministério da Saúde, 2006). Designed to promote the sus-
tainable virtual elimination of IDDs, the said program is 
guided by the following lines of action:

1. Monitoring of the iodine content of salt produced for 
human consumption by means of sanitary inspections 
conducted at salt processing facilities. The assessment 
of iodine content in salt will be effected through sani-
tary inspection in industrial facilities and inspections in 
commercial establishments.

2. Monitoring of the impact of salt iodization on the 
health of the population. Such monitoring needs to be 
conducted every 3 years to meet the resolution of the 
58th World Health Assembly. The objective is to moni-
tor indicators of iodization results closely to prevent 
and control the onset of disorders associated with defi-
ciency or excess of iodine.

3. Continuous update of legal parameters for iodine con-
tent in salt consumed. Ioduria values that are different 
from those deemed normal, i.e., values below 100 mcg/l 
and above 200 mcg/l, as listed in the classification table 
of the WHO, indicate the need to adopt corrective  

measures: review of the mandatory iodine content 
in salt and the strengthening of efforts to educate the 
population.

4. Continual implementation of strategies to inform, edu-
cate, communicate with and mobilize society. Major 
strategies include:
l Publicizing information in the media (internet, radio, 

television, newspapers, magazines);
l Developing and distributing informative material to 

the population and to the industry;
l Including information on the Pró-Iodo program in 

all material related with the promotion of healthy 
eating habits;

l Including guidelines on IDD prevention and control 
in educational activities conducted in health service 
facilities and in home visits made by health practi-
tioners on a routine basis;

l Including the topic “IDD Prevention and Control” 
in the list of topics relating to eating habits and 
nutrition addressed in school curricula;

l Producing educational videos to be shown in schools 
and health centers and aired in broadcast television 
nationwide;

l Training health practitioners and other professionals 
involved in the operation, assessment and monitor-
ing of the Pró-Iodo program;

Table 124.5 Sequential update in the legislation on salt iodization in Brazil from 1953 to 2006

Legal text Date Content

Law 1.944 14 August 1953 Iodization of salt for human consumption is made mandatory in endemic goiter regions
Decree 39.814 17 August 1956 Ministry of Health becomes responsible for importing iodate

Endemic goiter areas are delimited
Iodization is made mandatory nationwide

Law 6.150 03 December 1974 Iodization becomes the responsibility of the private initiative
Inspection is to be conducted by state and local administration
Iodine content in salt is maintained (10 mg/kg)
It revokes Law 1.944

Decree 75.687 06 May 1975 Establishes identification and quality standards for human-consumption salt
Decree 80.563 20 October 1977 Establishes the quality and formulation standards for animal-consumption salt
Ordinance 1.806 24 October 1994 Iodine content in salt is to range between 40 and 60 mg/kg
Law 9.005 16 March 1995 Authorizes the supply of potassium iodate to salt producers

Establishes the iodine/salt ratio
Ordinance 218 24 March 1999 Salt with iodine content equal to or above 40 mg up to the maximum limit of 100 mg/kg 

of product is deemed suitable for human consumption
Resolution 130 26 May 2003 Salt with iodine content equal to or above 20 mg up to the maximum limit of 60 mg/kg 

of product is deemed suitable for human consumption
Industrialized food products may use non-iodized salt as an ingredient so long as iodine 
is proven to interfere with the end product

Ordinance 2.362 01 December 2005 The National Program to Prevent and Control Iodine Deficiency Disorders (Pró-Iodo) is 
created

Ordinance 431 06 June 2006 Creates an advisory technical group to support the conduct of the National Survey to 
Assess the Impact of Salt Iodization in Brazil (PNAISAL)
Establishes the make-up of the advisory technical group: representatives of the Ministry 
of Health, public authorities and the scientific community

Note: Main points in the update of Brazilian legislation on salt iodization.
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l Establishing partnerships with other government 
and nongovernmental institutions engaged in the 
prevention and control of nutritional disorders at a 
local level to join efforts toward the promotion of 
broad publicizing.

According to the targets set, more than 90% of house-
holds should have access to iodized salt with at least 
15 ppm, and 95% of salt produced and imported should 
meet the required iodine content range established by 
Brazilian legislation. Ioduria levels should be maintained 
within the 100–200 mcg/l range, and the incidence of 
goiter should be restricted to less than 5% of population.

In order to achieve these targets, the Brazilian govern-
ment, through the Study and Project Funding Agency 
(FINEP) of the Ministry of Science and Technology, will 
put forward proposals focused on surveys to determine 
the impact of the addition of iodine to household salt in 
Brazil, possibly in 2007. The invitation to bid requires the 
surveys to include population surveys and laboratory tests 
conducted by experts with a track record proven by pub-
lications in indexed journals. In this model, the Ministry 
of Health coordinates the project, including the sample 
definition, and outsources the project execution to the 
selected research institution (Brasil/Ministério da Ciência 
e Tecnologia, 2006).

The survey will assess the impact of salt iodization on 
male and female schoolchildren aged 6–14 years, of pub-
lic and private schools, in urban and rural areas in the 27 
units of the Brazilian federation. According to the initial 
assignment, the sample should include approximately 
40000 children of 2503 schools, of which 787 are located 
in rural areas. This design will allow researchers to obtain 
independent snapshots of the five Brazilian regions of the 
Federal District, each state or territory and their urban and 
rural strata.

This survey was designed to obtain the following 
information:

1. Iodine content in the urine of schoolchildren;
2. Iodine content in the household salt consumed by 

schoolchildren;
3. Prevalence of severe, moderate and mild iodine 

deficiency;
4. Prevalence of excess iodine or above-adequate iodine 

levels;
5. Percentage of households of schoolchildren that make 

use of iodized salt between 15 and 60 ppm.

Based on these pieces of information, the Pró-Iodo is 
expected to have elements that will allow a more accu-
rate monitoring of the iodine nutritional status of the 
population and the development of indicators that better 
reflect this status. Another objective is the prevention of 
diseases associated with the excessive consumption of this 
micronutrient.

Conclusions

According to the latest information, Brazil has been suc-
cessful in controlling and preventing IDDs. The prevalence 
rate of goiter is below 5%, the level deemed acceptable 
internationally. The Thyromobil Project, the most recent 
survey conducted in the country, indicated a 1.4% preva-
lence of iodine deficiency among schoolchildren, which 
suggests that IDDs, particularly goiter, are no longer a 
nationwide problem. However, these deficiencies are still 
present in some regions, especially rural ones, where it is a 
common practice for families to consume salt intended for 
animal consumption (Santos, 2002; Pretel, 2000).

This information indicates that it is possible to elimi-
nate IDDs in the country and across the world. However, 
for this relatively successful scenario to hold and for the 
future goal of eradicating IDD to be achieved, it is impor-
tant to have a set of continuous, concurrent and coordi-
nated efforts that at least guarantee the implementation of 
the following strategies:

1. Periodical and systematic monitoring of the iodine 
nutritional status of the population by the public 
authorities and civil society, including organizations, 
research institutes, universities and researchers, follow-
ing the recommendations of the WHO;

2. Regular inspection of salt production to ensure com-
pliance with minimum and maximum iodization 
standards;

3. Passing of legislation providing for the monitoring of 
studies on the control of iodine levels and the eradica-
tion of IDDs;

4. Implementation of a de facto nutritional and food sur-
veillance system in the country.

Summary Points

l IDDs: the so-called IDDs include goiter, cretinism, 
mental retardation, hearing loss and nanism. In preg-
nant women, it may cause miscarriage, congenital 
anomalies, and neonatal and infant mortality. In chil-
dren and adolescents, it causes goiter, hypothyroidism, 
and mental and growth retardation. Adults with iodine 
deficiency present hypothyroidism, goiter and reduced 
mental ability.

l Urinary excretion of iodine: is the most common way to 
measure the iodine nutritional status in population stud-
ies, due to the low cost and the simplicity of the testing 
procedure. The value of urinary excretion of iodine is 
used to estimate daily iodine intake.

l Iodine’s RDA: is the amount of iodine intake recom-
mended by the FNB of the United States Institute of 
Medicine to avoid IDDs.

l Iodization of household salt: put forward in the 1920s 
in the United States, this is a prophylactic measure to 
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reduce iodine deficiency. The method was later extended 
to numerous countries worldwide, including Brazil. It is 
recommended by the WHO as a simple and economi-
cally feasible procedure to supplement iodine.

l Iodine nutritional risk in Brazil: the socioeconomic 
situation and the country’s size mean many people live 
without access to seafood. Political factors affect iodine 
nutritional status because, the supply of potassium 
iodate from government to the salt-refining companies 
was discontinued in several Brazilian regions.

l IDDs in Brazil: are restricted to remote regions due to 
the intake of non-iodized salt by rural populations. The 
highest prevalence rates of goiter occur in the central– 
west and northern regions, and along the borders of 
these regions with the northeast region. In the states of 
Minas Gerais, São Paulo and Bahia, goiter is no longer 
endemic.
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Abstract
Iodine is an essential element that not only takes part in 
the synthesis of thyroid hormones, but also regulates  
thyroid function. The relationship between iodine and the 
prevalence of thyroid diseases presents a “U curve,” which 
means either low or high iodine intake may lead to thyroid 
diseases. Thyroid diseases due to iodine deficiency have 
been recognized for decades and prevented and treated 
effectively. However, the effects of excessive iodine intake 
on thyroid diseases were not detected until recently, and 
few prospective epidemiological data have been reported. 
“Iodine and thyroid diseases” is one of the topics studied 
by our group. This is a comprehensive review of our epi-
demiological study, as well as others. We mainly focus on 
the following three aspects in this review: a 5-year prospec-
tive study on thyroid disease in three regions with different 
levels of iodine intake; the effect of excessive iodine intake 
on the onset and development of postpartum thyroiditis; 
and the effect of excessive iodine intake on the onset of 
Graves’ disease (GD) for a GD families. It has been shown 
from the study that more than adequate iodine intake and 
excessive iodine intake would increase the incidence of 
hypothyroidism and autoimmune thyroiditis, and accel-
erate the development of hypothyroidism in autoimmune 
thyroiditis population. Iodine supplementation in mild 
iodine-deficient populations might not increase the inci-
dence of overt hyperthyroidism. More than 600 g/l of 
median urinary iodine excretion might be connected to an 
elevated incidence of papillary thyroid carcinoma (PTC) 
in China. More than adequate and excessive iodine intake 
would increase the i ncidence of postpartum thyroiditis. 
Results from the effect of excessive iodine on the onset of 
Graves’ disease indicated that excessive iodine intake was 
significantly related with the incidence of overt hyperthy-
roidism in the population from GD families.

Abbreviations

AIT Autoimmune thyroiditis
EI Excessive iodine intake

GD Graves’ disease
MAI More than adequate iodine intake
MDI Mildly deficient iodine intake
MUI Median urinary iodine excretion
NACB  National Academy of Clinical 

Biochemistry
PPT Postpartum thyroiditis
PTC Papillary thyroid cancer
TgAb Anti-thyroglobulin antibody
TPO Thyroid peroxidase
TPOAb Anti-thyroid peroxidase antibody
USI Universal salt iodization
WHO World Health Organization

Introduction

China used to be an iodine-deficient country. The strategy 
of Universal Salt Iodization (USI) has been implemented 
in China since 1996. The median urinary iodine excre-
tion (MUI) increased from 164.8 g/l (1995, before USI) to 
330.2 g/l in 1997 and 306 g/l in 1999, while the median 
salt iodine increased from 16.2 mg/kg (1995, before USI) 
to 37 mg/kg in 1997 and 42.3 mg/kg in 1999 (Chen et al., 
2001). During the same period, an increasing number of 
patients with thyroid disorders were found clinically. In order 
to understand the effect of increased iodine intake on thy-
roid disorders, three epidemiological studies were conducted 
by our group, which included: a 5-year prospective study on 
thyroid disease in three regions with different levels of iodine 
intake; the effect of excessive iodine intake (EI) on the onset 
and development of postpartum thyroiditis (PPT); and the 
effect of EI on onset of Graves’ disease (GD) for GD families.

In 1999, three representative rural communities with 
different levels of iodine intake were chosen for the study: 
Panshan – a community with long-term mildly defi-
cient iodine intake (MDI) level; Zhangwu – a commu-
nity with more than adequate iodine intake (MAI) level 
whose iodine status shifted from mild deficiency due to 
USI; and Huanghua – a community with EI owing to the 
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Table 125.1 Demographic characteristics at baseline (1999) and at follow-up (2004)

Characteristics

Panshan (mildly deficient  
iodine intake)

Zhangwu (more than adequate  
iodine intake) Huanghua (excessive iodine intake)

1999 (N  1103) 2004 (N  884) 1999 (N  1584) 2004 (N  1270) 1999 (N  1074) 2004 (N  864)

Sex (M:F) 1:2.88 1:3.16 1:3.22 1:3.37 1:2.91 1:3.26
Age (year)
 Mean 3613 4212 3913 4512 3713 4212
 Range 14–88 19–81 14–95 19–84 14–79 19–83

Urinary iodine excretion (g/l)
 Median 84 88 243 214 651 634
  Interquartile 

range
33–99 37–102 167–479 189–458 521–844 511–897

Iodine in drinking water (g/l)
 Median 8.2 10.0 4.6 7.8 201.8 201.8
  Interquartile 

range
1.4–17.0 8.1–12.4 2.4–13.9 6.6–10.0 174.7–260.5 167.6–205.7

Iodine in salt 
(mg/kg)

3.4 3.4 54.53.6 45.65.9 23.35.6 25.010.0

Note:  values are meansSD.

high iodine content in the drinking water (96–228.18 g/l). 
In 1999, home visits were made in each of the three 
regions to all 16287 inhabitants who were older than  
13 years of age, and a verbal questionnaire was administered 
to each person. Among those receiving home visits, 3761 
participated in the baseline study (1103 in Panshan, 1584 
in Zhangwu and 1074 in Huanghua). Both palpation and  
B-mode ultrasonography were performed on the thyroid, 
and samples of urine and blood were obtained from each 
subject after an overnight fast. The three cohorts were similar 
in age and sex, economic and cultural status, and health care 
received. In 2004, we conducted a follow-up study among 
those who participated in the baseline study. This study used 
the same protocols as the baseline study and included 3018 
of the 3761 original subjects (80.2%). (Table 125.1)

Another prospective clinical epidemiological study of 
our group on PPT enrolled 610 pregnant women, and 
488 women were divided into three groups with different 
iodine intake: MUI  150 g/l, MUI between 150 and 
300 g/l and MUI  300 g/l.

Fifty-six GD families and 357 GD family members 
were enrolled to explore the relationship between GD and 
urinary iodine excretion.

More than Adequate and Excessive 
Iodine Intake would Increase the 
Incidence of Hypothyroidism
The prevalence of overt hypothyroidism appeared to increase 
as the iodine intake rose. The prevalence of overt hypothy-
roidism in communities with MAI level and EI level were 
3.5 and 7.3 times, respectively, compared with that in 
the community with MDI level, while the prevalence of 

 subclinical hypothyroidism in communities with MAI and 
EI were 3.2 times and 6.6 times, respectively, compared 
with that in the community with MDI (Table 125.2). This 
trend was confirmed by small-scale studies by Hungarian 
and Danish scholars. Laurberg et al. (1998) reported that 
the prevalence of overt and subclinical hypothyroidism in 
senile people from an area with MUI 150 g/l was 4.4 and 
4.7 times, respectively, compared with senile people from 
another area with MUI 38 g/l. In 1997, Szabolcs et al. 
from Hungary conducted a study in senile people from 
three areas with different levels of MUI (72 g/gof cre-
atinine, 100 g/gof creatinine and 513 g/g of creatinine, 
respectively) and found that the prevalence of hypothy-
roidism increased as iodine intake rose (Szabolcs et al., 
1997). Our study reported the relationship between the 
incidence of hypothyroidism and the level of iodine intake 
for the first time in the world. There was no difference in 
the cumulative incidence of overt hypothyroidism among 
the three communities (Table 125.2), but in the follow-up 
study, the incidence of subclinical hypothyroidism in MAI 
and EI was 11.3 and 12.6 times, respectively, compared 
with the incidence of subclinical hypothyroidism in MDI 
(Teng et al., 2006). Logistic regression analysis indicated that 
a serum thyrotropin level greater than 2 mIU/l at baseline 
(odds ratio, 6.6; 95% confidence interval, 3.1–14.1), high 
antithyroid antibody levels [anti-thyroid peroxidase anti-
body (TPOAb) 50 IU/ml or anti-thyroglobulin antibody 
(TgAb)  40 IU/ml] (odds ratio, 3.0; 95% confidence 
interval, 1.6–5.6), a shift in iodine intake from mildly 
deficient to more than adequate (odds ratio, 10.7; 95% 
confidence interval, 1.4–79.7), and EI (odds ratio, 9.1; 
95% confidence interval, 1.2–69.7) were risk factors for 
subclinical hypothyroidism.
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Table 125.2 Prevalence and cumulative incidence of thyroid diseases in the three regions

Thyroid diseases

Panshan (mildly deficient 
iodine intake)

Zhangwu (more than 
adequate iodine intake)

Huanghua (excessive 
iodine intake)

Number of cases (%)
Overt hypothyroidism

 Prevalence 3 (0.3) 15 (0.9) 21 (2.0)
 Incidence 2 (0.2) 6 (0.5) 3 (0.3)
Subclinical hypothyroidism
 Prevalence 10 (0.9) 46 (2.9) 65 (6.1)
 Incidence 2 (0.2) 33 (2.6) 25 (2.9)
Autoimmune thyroiditis
 Prevalence 5 (0.5) 27 (1.7) 30 (2.8)
 Incidence 2 (0.2) 13 (1.0) 11 (1.3)
Hashimoto’s thyroiditis
 Prevalence 4 (0.4) 16 (1.0) 16 (1.5)
 Incidence 0 4 (0.3) 4 (0.5)
Atrophic thyroiditis
 Prevalence 1 (0.1) 11 (0.7) 14 (1.3)
 Incidence 2 (0.2) 9 (0.7) 7 (0.8)
Overt hyperthyroidism
 Prevalence 18 (1.6) 32 (2.0) 13 (1.2)
 Incidence 12 (1.4) 12 (0.9) 7 (0.8)
Subclinical hyperthyroidism
 Prevalence 41 (3.7) 62 (3.9) 12 (1.1)
 Incidence 12 (1.4) 25 (2.0) 9 (1.0)
Graves’ disease
 Prevalence 15 (1.4) 20 (1.3) 12 (1.1)
 Incidence 7 (0.8) 7 (0.6) 5 (0.6)
High TPOAb level
 Prevalence 101 (9.2) 155 (9.8) 113 (10.5)
 Incidence 25 (2.8) 52 (4.1) 32 (3.7)
High TgAb level
 Prevalence 99 (9.0) 142 (9.0) 101 (9.4)
 Incidence 29 (3.3) 49 (3.9) 44 (5.1)
Diffuse goiter
 Prevalence 159 (19.5) 205 (13.5) 54 (5.1)
 Incidence 48 (7.1) 53 (4.4) 57 (6.9)
Nodular goiter
 Prevalence 30 (3.7) 52 (3.4) 26 (2.5)
 Incidence 34 (5.0) 29 (2.4) 7 (0.8)
Singular nodule
 Prevalence 72 (8.8) 125 (8.3) 43 (4.1)
 Incidence 27 (4.0) 69 (5.7) 46 (5.6)
Multiple nodules
 Prevalence 31 (3.8) 29 (1.9) 71 (6.7)
 Incidence 3 (0.4) 15 (1.2) 8 (1.0)
Singular nodule
 Prevalence 72 (8.8) 125 (8.3) 43 (4.1)
 Incidence 25 (2.8) 52 (4.1) 32 (3.7)

Notes: The prevalence was calculated at baseline (1999); incidence is the cumulative incidence between 1999 and 
2004. The total numbers of cases on which prevalence and incidence percentages for all thyroid disease except 
goiter or nodule were based are 1103 and 884 for Panshan, 1584 and 1270 for Zhangwu, and 1074 and 864 for 
Huanghua, respectively. The total numbers of cases on which prevalence and incidence percentages for goiter and 
nodule were based are 815 and 678 for Panshan, 1514 and 1204 for Zhangwu, and 1056 and 826 for Huanghua, 
respectively. TPOAb denotes thyroid peroxidase antibody, and TgAb thyroglobulin antibody. 
Source: Data taken from Teng et al., (2006) with permission.

Our study also reported on the changes in subclini-
cal hypothyroidism. Of the 121 subjects who received 
a diagnosis of subclinical hypothyroidism in 1999, 100 
(82.6%) participated in the 2004 follow-up study; none 

had received thyroxine therapy during this period. Of 
the 100 subjects, 29 (29%) had persistent subclinical 
 hypothyroidism. Five of the 100 subjects (5%) with sub-
clinical hypothyroidism in 1999 had overt hypothyroidism 
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in 2004 [0 in MDI, 4 of 42 in MAI (9.52%), and 1 of 
51 in EI (1.96%)]. Zhangwu (MAI), where the shift was 
from MDI to MAI, had the highest rate of overt hypothy-
roidism. The remaining 66 subjects had become euthy-
roid by 2004. Logistic regression analysis indicated that 
a serum thyrotropin level above 6 mIU/l (odds ratio, 3.4; 
95% confidence interval, 1.1–10.5), high levels of antithy-
roid antibody (odds ratio, 5.3; 95% confidence interval, 
1.8–15.7), and a shift in iodine intake from mildly defi-
cient to more than adequate (odds ratio, 8.0; 95% confi-
dence interval, 2.5–25.4) were risk factors for continued 
subclinical hypothyroidism.

More than Adequate and Excessive 
Iodine Intake would Increase the 
Incidence of Autoimmune Thyroiditis

In the baseline study, the prevalence of autoimmune thy-
roiditis (AIT) in Zhangwu (MAI) and Huanghua (EI) 
was 3.8 and 6.2 times, respectively, compared with the 
prevalence of AIT in Panshan (MDI). The prevalence of 
Hashimoto’s thyroiditis in MAI and EI was 2.8 and 4.1 
times, respectively, compared with that of Hashimoto’s 
thyroiditis in MDI. The prevalence of atrophic thyroidi-
tis in MAI and EI was 7.7 and 14.4 times, respectively, 
compared with that in MDI (Table 125.2). The cumu-
lative incidence of AIT in MAI and MDI was 4.4 and 
5.5 times, respectively, compared with the cumulative 
incidence of AIT in MDI (Table 125.2). Both the cross-
sectional and the prospective study confirmed that the 
prevalence and incidence of AIT increased as iodine 
intake rose.

Another prospective clinical epidemiological study on 
PPT showed that the prevalence of PPT in a population 

with MUI (150–300 g/l) and more than 300 g/l were 1.6 
and 2.6 times, respectively, compared with the prevalence 
of PPT with MUI less than 150 g/l (Figure 125.1) (Guan 
et al., 2005).

The same results were found from other studies: a 
study in Poland enrolled 35000 patients who had received 
fine-needle aspiration biopsy of the thyroid from 1985 
to 1999, and statistical analysis indicated that the inci-
dence of AIT rose from 1.5 to 5.7% after USI since 
1992 (Slowinska-Klencka et al., 2002). Kahaly et al. 
(1997) reported that after supplementing iodine 200 g/l 
to patients with endemic thyroid goiter (MUI, from 
30 g/l, rose to 213 g/l), the incidence of iodine-induced 
hypothyroidism and AIT increased. It was reported from 
Greece and Sri Lanka that there was an obvious increase in 
the incidence of AIT in children after iodine supplementa-
tion was implemented in areas with deficient iodine intake 
(Zois et al., 2003; Premawardhana et al., 2000).

More than Adequate and Excessive 
Iodine Intake would Accelerate the 
Development of Hypothyroidism in an 
Autoimmune Thyroiditis Population

There were no significant differences in the prevalence and 
incidence of positive thyroid autoantibodies among the 
three cohorts (Table 125.2).

In 1999, the prevalence of hypothyroidism (thyrotro- 
pin  4.8 m IU/l) in subjects with positive thyroid per-
oxidase (TPO) antibody increased with iodine intake: 
it was 7% in MDI, 18.06% in MAI, and 30.63% in EI. 
A further analysis of TPO antibody according to the titer 
showed that the higher the level of TPO antibody, the 
higher the percentage of subjects developing hypothy-
roidism. This trend was more obvious in communities 
with MAI or EI. During the follow-up period, subjects 
with positive thyroid autoantibodies who were euthyroid 
at baseline had a higher propensive to develop hyperthyroidism 
(8.45% vs. 1.38%, 2  62.53, p  0.01) and hypothyroidism 
(5.99% vs. 1.73%, 2  21.90, p  0.01) than subjects 
with negative autoantibodies.

Among the subjects with positive TPO antibody and 
normal thyrotropin at baseline, the 5-year cumulative inci-
dence of hypothyroidism was 6.5 and 9.8 times in MAI 
and EI compared with that in MDI. Among the subjects 
with positive thyroglobulin antibody and normal thyro-
tropin at baseline, the five-year cumulative incidence of 
hypothyroidism was 4.3 and 10.3 times in MAI and EI, 
compared with that in MDI (Figure 125.2). Reinhardt et al. 
(1998) reported that after supplementing iodine at 250 g/
day to patients with Hashimoto’s thyroiditis (MUI, from 
70 g/g of creatinine, rose to 268 g/g of creatinine), 20% 
of the patients were found to have hypothyroidism after 
4 months, but only 2% of the patients with Hashimoto’s 
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Figure 125.1 The prevalence of postpartum thyroiditis in 
women with different levels of urinary iodine. When subgroup-
ing the 488 women into low-iodine-intake group (UI  150 g/l), 
adequate-iodine-intake group (UI 150–300 g/l), and high-iodine-
intake group (UI  300 g/l), it was found that the prevalence of 
PPT showed an iodine-related increment. The prevalence in the 
high-iodine-intake group was significantly higher than that in the 
low-iodine-intake group (*P  0.0066).



Effects of an Increased Iodine Intake on Thyroid Diseases 1217

thyroiditis who did not receive iodine supplementation 
had hypothyroidism.

No significant difference in the cumulative incidence of 
overt hyperthyroidism was observed between MDI, MAI 
and EI areas. Iodine supplementation in a mildly deficient 
iodine population might not increase the incidence of 
overt hyperthyroidism.

It was reported that the incidence of hyperthyroidism 
increased among persons with chronic, severe iodine defi-
ciency that abruptly increased their iodine intake. Such an 
increased incidence was reverted to baseline levels in 3–5 
years although the iodine supplement was continued (Todd 
et al., 1995; Bourdeaux et al., 1996; Stanbury et al., 1998). 
However, our findings did not confirm this observation. In 
1999, home visits were made in each of the three regions 
to all 16287 inhabitants who were older than 13 years of 
age, and a verbal questionnaire was administered to each 
person. The retrospective study showed that there was no 
difference in the incidence of overt hyperthyroidism among 
the three communities either before USI (1991–1995) or 
after USI (1996–1999) (Yang et al., 2002). In the 1999 
baseline study, there was no difference in the prevalence 
of overt hyperthyroidism among the three communities 
(Table 125.2). The proportion of GD in overt hyperthy-
roidism was 83.3% in MDI, 62.5% in MAI and 92.3% 
in EI; GD was the main cause of overt hyperthyroidism 
in all three communities. There was no difference in the 
prevalence of GD among the three cohorts. In the 2004 
follow-up study, there were no significant differences in 
the cumulative incidence of either overt hyperthyroidism 
or GD among the three cohorts (Table 125.2).

Our findings showed that iodine supplementation to 
areas with MDI did not cause an increase in the incidence 
of overt hyperthyroidism and GD. In 2002, Lauberg 
reported that after supplementing iodine to areas with 

 different levels of iodine intake, the incidence of overt 
hyperthyroidism increased in the community with moder-
ately deficient iodine intake (MUI, 45 g/l before iodine 
supplementation), while there was no increase documented 
in the community with MDI (MUI, 61 g/l before iodine 
supplementation) (Bülow et al., 2002). The results indi-
cated that whether iodine supplementation in areas with 
deficient iodine intake causes an increased incidence of 
hyperthyroidism might be related to the previous iodine 
deficiency status.

Iodine Excess Promoted the 
Development of Overt Hyperthyroidism 
in GD Family Members

A GD family study showed that 234 family members’  
urinary samples were taken and 69 of them were diag-
nosed with overt hyperthyroidism. The incidence of overt 
hyperthyroidism in groups with urinary iodine between 
500 and 599 g/l were significantly higher than those with 
urinary iodine lower than 500 g/l (Figure 125.3). Iodine 
excess acted as one of the causes for overt hyperthyroidism 
in GD family members, which indicated that iodine limi-
tation should be applied to GD patients and their family 
members (Jin et al., 2001).

Iodine excess and tyroid goiter

In 1999, the prevalence of diffuse goiter decreased as 
the level of iodine intake increased, but there was no  
difference in the prevalence of nodular goiter among the 
three cohorts (Table 125.2). In the 2004 follow-up, the 
cumulative incidence of diffuse goiter differed significantly 
among the three cohorts, with a higher incidence in MDI 
and EI than in MAI. In contrast, the cumulative incidence 
of nodular goiter decreased with increasing iodine intake. 
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Figure 125.3 The relationship between urinary iodine levels 
and the prevalence of overt hyperthyroidism in GD family mem-
bers. MUI: median urinary iodine excretion; GD, Graves’disease; 
234 family members’ urinary samples were taken and 69 of 
them were diagnosed with overt hyperthyroidism. The incidence 
of overt hyperthyroidism in groups with urinary iodine between 
500 and 599 g/l were significantly higher than those with urinary 
iodine 100–499 g/l (P  0.05).
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iodine deficiency, while others observed a higher incidence 
of PTC associated with high iodine intake (Bacher-stier et 
al., 1997; Kolonel, 1990). During the period from 1994 to 
2004, 23 patients with thyroid cancer were identified in the 
Huanghua community, and all of them were PTC, which 
is consistent with the observation that high PTC incidence 
is related to high iodine intake. All of these cases occurred 
after 1994, the following year after iodized salt was used 
by the local population. We speculate that the addition of 
iodized salt to pre-existing high-iodine water may account 
for the increase in the incidence of PTC in the Huanghua 
community, which deserves further investigation.

Serum Thyrotropin Levels Increased as 
Levels of Iodine Intake Rose

The cross-sectional study in 1999 showed the mean levels 
of serum thyrotropin in Panshan (MUI, 84 g/l), Zhangwu 
(MUI, 243 g/l) and Huanghua (MUI, 650 g/l) were 
1.22 mU/l, 1.41 mU/l and 1.99 mU/l, respectively. The 
serum thyrotropin level increased as the levels of iodine 
intake rose, and there was significant difference among 
the three cohorts (p  0.01) (Figure 125.5) (Wang et al., 
2002). Our study reported for the first time that EI can 
affect serum thyrotropin level. According to the National 
Academy of Clinical Biochemistry (NACB) criteria on the 
reference range for serum thyrotropin level, some factors 
were excluded, such as a family history of thyroid disease, 
pathological ultrasonography and positive thyroid autoan-
tibodies, but iodine status was not taken into account  
by the NACB (Kratzsch et al., 2006).We find that iodine 
status is very important.

The Upper and Lower Limits of Serum 
Thyrotropin within the Safety Range

The safety range of serum thyrotropin has been the 
focus of endocrinologists all over the world. People 

Female subjects had higher cumulative incidence than 
male subjects among the three cohorts. Hence, we can 
see that either deficient or EI may cause an increase in the 
incidence of goiter, but for different types. In areas with 
deficient iodine intake, the cumulative incidence of both 
diffuse goiter and nodular goiter increased, but in areas 
with EI, only the cumulative incidence of diffuse goiter 
increased.

Logistic regression analysis showed that female sex (odds 
ratio, 2.7; 95% confidence interval, 1.7–4.4), MDI (odds 
ratio, 1.8; 95% confidence interval, 1.3–2.6), EI (odds ratio, 
1.5; 95% confidence interval, 1.0–2.1), and high levels of 
thyroid autoantibodies (odds ratio, 1.7; 95% confidence 
interval, 1.1–2.5) were risk factors for diffuse goiter.

Iodine Excess and Thyroid Nodules

In 1999, the prevalence of a single thyroid nodule in MDI, 
MAI, and EI was 8.8, 8.3 and 4.1%, respectively, and the 
prevalence in MDI and MAI was higher than that in EI. The 
prevalence of multiple thyroid nodules in MDI, MAI and EI 
was 3.8, 1.9 and 6.7%, respectively, and the prevalence in EI 
was higher than that in MDI and MAI (Table 125.2). Results 
of the 2004 follow-up showed that there were no differ-
ences in the incidence of single and multiple thyroid nodules 
among the three cohorts (Table 125.2).

More than 600 g/l Median Urinary 
Iodine Excretion Might be Connected 
to Elevated Incidence of Papillary 
Thyroid Carcinoma

No cases of thyroid cancer were identified in MDI or MAI 
at baseline; however, 10 subjects (1 man and 9 women) were 
found to have papillary carcinoma in EI, the region with 
excessive intake of iodine. All these 10 cases were found after 
1994. Between 1999 and 2004, 13 cases of papillary thyroid 
cancer (PTC) were diagnosed again in EI (2 men and 11 
women), but none were diagnosed in MDI and MAI.

The incidence of thyroid cancer in Huanghua with 
MUI 650 g/l was 19.37/100000 per year, much higher 
than that in the other two communities, and also higher 
than the average level reported by the other countries 
(0.5~10/100000 per year) (Wang and Crapo, 1997). It 
appeared that the incidence of thyroid cancer was the 
highest during the period of 4–6 years after USI was 
introduced, and then decreased afterward (Figure 125.4). 
Globally, during the past 60 years, age-standardized inci-
dence of thyroid cancer has increased by up to five-fold. 
This increase has largely resulted from a rise in the inci-
dence of differentiated carcinoma, particularly PTC 
(Burgess et al., 2000). Recently, iodine supplementa-
tion has been postulated as contributory, as some authors 
reported a rise in the incidence of PTC after correction of 
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Figure 125.4 The incidence of thyroid cancer in Huanghua 
between 1994 and 2004. At the baseline and the follow-up study, 
home visits were made in the Huanghua area to all the inhabitants 
who were older than 13 years of age. Inhabitants of Huanghua 
community started to take iodized salt in 1993, and universal salt 
iodization was conducted in 1996; the incidence of thyroid cancer 
in Huanghua increased after 1999 and persisted for three years.
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Figure 125.5 Levels of thyrotropin in euthyroid subjects from 
three communities with different levels of iodine intake. In the 
baseline study, we separated out 228 persons (6.1% of 3761 par-
ticipants) who reported a family history of thyroid diseases, 126 
persons (3.4%) who reported a personal history of thyroid disor-
ders, 511 persons (13.6%) with high serum autoantibody values, 
and 1155 persons (30.7%) who had goiter and/or nodules and/or 
abnormal echo patterns in thyroid ultrasonography, leaving a sam-
ple group of 2237 individuals (636 in Panshan, 855 in Zhangwu, 
743 in Huanghua) who composed the reference population. It was 
clearly shown that there was a urinary iodine–related increment of 
serum TSH levels (r  0.21, P  0.000). The median levels of TSH 
in the reference populations from Panshan (mild iodine deficiency), 
Zhangwu (more than iodine adequacy) and Huanghua (iodine 
excess) were 1.22, 1.41, and 1.99 mIU/l, respectively (P  0.000).

whose levels of serum thyrotropin are within the safety 
range have the lowest risk for hyperthyroidism and 
hypothyroidism. Recently, endocrinologists have been 
paying special attention to the relationship between the 
level of serum thyrotropin and the prognosis of thy-
roid function, especially the relationship between lev-
els of serum thyrotropin in pregnant women and the 
development of intelligence in their offspring. Data 
from the 20-year follow-up of the Whickham study 
indicate that an increase in thyrotropin above 2 mIU/l  
was associated with an increased probability of hypothy-
roidism (Vanderpump et al., 1995). However, because 
the sensitivity of the method (the second generation) 
for detecting serum thyrotropin was relatively low at 
that time, the lower limit of thyrotropin within the 
safety range was not mentioned. We obtained natu-
ral history data on subjects with normal thyrotropin 
levels (0.3–4.8 mIU/l) at baseline and follow-up. Our 
data suggest that even within the normal range, a thy-
rotropin level of 1.0–1.9 mIU/l is safe (method for 
detection of thyrotropin in the third generation). A 
serum thyrotropin level above 1.9 mIU/l was asso-
ciated with an increased incidence of a supranor-
mal thyrotropin level, whereas a drop in serum 
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Figure 125.6 The cumulative incidence of abnormal levels of serum thyrotropin at 5 years among 2727 subjects who had normal 
levels of serum thyrotropin at baseline. The relationship between the baseline thyrotropin levels in 1999 and the cumulative incidence in 
2004 of supranormal serum thyrotropin levels (above 4.8 mIU/l) (panel a) or subnormal serum thyrotropin levels (below 0.3 mIU/l) (panel b) 
is shown. A serum thyrotropin level above 1.9 mIU/l (filled circle in panel a) was associated with an increased incidence of a supranormal 
thyrotropin level; a drop in serum thyrotropin level below 1.0 mIU/l (filled circle in panel b) was associated with an increased incidence of 
a subnormal thyrotropin level.
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thyrotropin level below 1.0 mIU/l was associated with 
an increased incidence of a subnormal thyrotropin 
level (Figure 125.6a and b). Subjects with baseline thy-
rotropin levels above 1.0 mIU/l, but below 1.9 mIU/l  
may have the lowest incidence of abnormal thyrotropin 
 levels 5 years later. When treating thyroid disorders, we 
need to control the serum thyrotropin level within this 
range.

An assessment of iodine status has been proposed by 
the World Health Organization (WHO) in 2001. “More 
than adequate” and “excessive” iodine intake have been 
defined for the first time (WHO/UNICEF/ICCIDD, 
2001). Although iodine supplementation should be 
implemented to prevent and treat iodine deficiency disor-
ders, the supplementation dose should be maintained at a 
safe level. Iodine levels that are more than adequate (MUI 
200–300 g/l) or excessive (MUI  300 g/l) appear to 
be unsafe, especially for susceptible populations who have 
either potential autoimmune thyroid diseases or iodine 
deficiency. Programs should be tailored to the particular 
geographic area. No iodine supplementation should be 
provided for iodine-sufficient areas, while salt in iodine-
deficient areas should be supplemented with iodine 
at concentrations depending on the degree of iodine 
deficiency.

Summary Points

l Both more than adequate (MUI, 201–300 g/l) and 
excessive (MUI  300 g/l) levels of iodine intake may 
increase the incidence of hypothyroidism.

l Iodine supplementation in a region in which iodine 
intake was previously mildly deficient may accelerate 
the development of subclinical hypothyroidism to overt 
hypothyroidism.

l Both more than adequate (MUI, 201–300 g/l) and 
excessive (MUI  300 g/l) levels of iodine intake may 
increase the prevalence and incidence of AIT.

l More than adequate and excessive levels of iodine intake 
may promote the onset of hypothyroidism in subjects 
with high levels of thyroid autoantibodies.

l Iodine supplementation in regions with mild iodine 
deficiency would not increase the prevalence and inci-
dence of hyperthyroidism.

l Even within the normal range, a thyrotropin level of 
1.0–1.9 mIU/l is safe.

l The level of serum thyrotropin increased as the levels of 
iodine intake rose.

l The incidence of thyroid cancer may be associated with 
persistent EI (MUI more than 600 g/l).
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Abstract

Iodine deficiency disorders (IDD) have been recognized as 
one of the public health problems in Thailand since 1953. 
Several surveys had been conducted since 1955 to assess 
the magnitude of the problem and to find out appropri-
ate strategies. Iodization of salt has been set as the main 
strategy and a salt iodization program was first launched 
in 1965. The situation of IDD, using goiter as indicator, 
was gradually decreasing while there was high prevalence 
of protein energy malnutrition (PEM). Therefore, the pri-
ority shifted to PEM alleviation and the support for IDD 
control decreased, resulting in the re-emergence of IDD in 
1987. The Department of Health recognized the situation 
and established the National Iodine Deficiency Disorders 
Control Program (NIDDCP) in 1989, which covered 
15 target provinces and gradually expanded until the 
whole country was covered in 1991. The National Iodine 
Deficiency Disorders Control Board (NIDDCB) was estab-
lished in 1991. Her Royal Highness Princess Maha Chakri 
Sirindhorn graciously accepted the chair of the committee. 
Iodization of edible salt has been legislated for since 1994. 
The implementation measures include salt iodization, water 
iodization and iodine fortification in other foods, such as 
fish sauce, instant noodles, etc. A communication cam-
paign to increase public awareness and to promote iodized 
salt consumption has been conducted annually on National 
Iodine Day (25 June). The message focuses on iodine and 
brain development instead of goiter. The current plan on 
the NIDDCP (2006–2010) was approved by the NIDDCB 
on 21 March 2006. There are five strategies: quality iodized 
salt production and distribution; monitoring and surveil-
lance; empower local administrative organization to actively 
participate in NIDDCP; communication and social mar-
keting campaigns emphasizing on iodine and brain devel-
opment and research strategy. In conclusion, IDD had been 
recognized as a public health problem in Thailand for more 
than 50 years. Salt iodization is the main strategy to rem-
edy this. Salt producers are the key players and their par-
ticipation is needed. Systems for assessment of the situation 
and monitoring of the program is highly essential. Public 
awareness and realization of the benefits of iodized salt use 

are very important and need to be continuously monitored. 
The lesson learned is that the program needs to be con-
sistently implemented to ensure the sustainability of IDD 
elimination.
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History

Iodine deficiency disorders (IDD) have been recognized as 
one of the public health problems in Thailand since 1953, 
when Dr Sem Pringpruangkaew (1955) reported on the 
“Goiter Belt” along the north and northeast of Thailand. 
The findings from the first survey by the World Health 
Organization (WHO) consultant Dr V. Ramalingaswami 
in 1955 clearly demonstrated that IDD was a major prob-
lem in the country (Ramalingaswami, 1960). The preva-
lence of goiter was 58% in the northern regions of Chiang 
Mai and Chiang Rai and 15–21% in the northeast prov-
inces of Udon Thani and Ubon Ratchathani. Later, survey 
by Dr J.V. Klerks in 1957 confirmed the high prevalence 
(23–45%) in five northern provinces (Klerks, 1960) 
(Figure 126.1).
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The First National Nutrition Survey in 1960 was sup-
ported by the Interdepartmental Committee on Nutrition 
for National Defense (ICNND) from the US government. 
The survey found that the cause of IDD in Thailand was 
due to insufficient iodine intake (ICNND, 1962). There 
was a low amount of iodine in the water and soil, which in 
turn led to a low quantity of iodine in the food produced 
in these areas. In order to increase iodine intake, a salt iodi-
zation program was recommended to the Thai government  
(Figure 126.2).

The Department of Health of the Ministry of Public 
Health is the main office responsible for implement-
ing intervention programs on IDD alleviation. The pilot 
project for salt iodization was first launched in 1965 in 
one of the northern districts where the prevalence of goiter 
rate had been very high. Later in 1968, the salt iodization 
program was expanded to all affected areas in the country 
(Figure 126.3).

After 5 years of the salt iodization program, the prev-
alence of goiter decreased substantially. However, the 
amount of iodized salt produced annually was limited to 
20000 metric tons, which was not enough to cover the 
entire population in the affected areas. IDD was included 
in the fourth and fifth National Social and Economic 
Development Plan (1977–1986) as one of the priority 
health issues to be tackled, and production and distribu-
tion of salt iodization was also set as a main strategy.

During 1982–1986 a very high prevalence rate (51%) 
of protein energy malnutrition (PEM) was found among 
preschool age children of the country. Nearly all of the 
resources had been allocated to reduce the prevalence 
of PEM. Therefore, the IDD alleviation project was not  
adequately looked after (Department of Health, 1992).

In 1987, a survey was conducted to evaluate the salt iodi-
zation program. It was found that the prevalence of goiter 
was increasing and IDD was re-emerging. The Department 
of Health recognized the situation and established the 
National Iodine Deficiency Disorders Control Program 
(NIDDCP) in 1989. The NIDDCP was supported by the 
Royal Thai Government, the United Nations Children’s 
Fund (UNICEF), and REDD BARNAR. At the beginning, 
the NIDDCP covered 15 provinces and expanded little by 
little until it covered the whole country (75 provinces) by 
the year 1991 (Department of Health, 1992).

Implementing Measures

Salt iodization has been the main strategy since 1968. The 
Ministry of Public Health, through the food and drug 
administration (FDA), issued a notification on iodized 
salt (No. 153) to enforce iodine fortification to “edible 
salt” (not including salt for animal consumption and the 
food industry). During the initial period of the NIDDCP 
(1991–1995) there were advocacy campaigns about IDD 
and its part in goiter and intelligence development. The 
coverage of household iodized salt consumption was found 
to be quite high (78–80%) (Department of Health, 1994).

Figure 126.1 A large goiter in an aged woman in a remote 
community.

Figure 126.2 Cretinism was found at high prevalence of IDD in 
northern Thailand.

Figure 126.3 The prototype of an iodized salt mixing machine 
in 1965, iodized salt pilot project.
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Water Iodization

The Department of Health has encouraged the people in 
remote areas to add 2 drops of concentrated iodine solu-
tion (packed in 30 cc bottles) to 10 liters of drinking water, 
converting it to iodized drinking water. This measure was 
adopted from the late Professor Romsai Suwanik, who 
invented it (Suwanik et al., 1992). Water iodization is 
being used as a complementary measure for control and 
prevention of IDD in households and schools up-to-date 
(Figure 126.4).

Other Iodine Fortified Food

Other food items, such as fish sauce and instant noodles 
which are widely consumed by Thai people are also fortified,  
with iodine and iron in fish sauce, while instant noodles  
are fortified with iodine, iron and vitamin A. Currently, 
instant noodles are widely available in the market, but fish 
sauce is available only in limited amounts. Efforts are being 
made to make it commercially available (Figure 126.5).

Advocacy and Communication 
(IEC Activity)

During the first 5 years of the NIDDCP, information, 
education and communication (IEC) activities had been 
implemented by setting up mobile units for the first 16 
endemic provinces. Each mobile unit used one pick-up 
truck equipped with audio-visual equipment, one nutri-
tionist and one health communicator to raise aware-
ness and take appropriate action for IDD control and 
prevention.

On 28 January 1996 the “King’s Salt Campaign” was 
launched on the occasion of the 50th anniversary of His 
Majesty the King’s accession to the throne. Twelve million 
packets of iodized salt were distributed as His Majesty’s gift 
to all the people nationwide.

Many IEC products, including T-shirts, stickers, etc., 
focused on elimination of cretinism as the core message. 

This celebration was performed by the partnership of 
several sectors involved, including the Thai Red Cross, 
the Ministry of Interior, The Royal Thai Army and the 
Ministry of Public Health (Ministry of Public Health, 
UNICEF, and ICCIDD, 1997) (Figure 126.6).

Figure 126.4 Iodized drinking water at schools and households in northern Thailand.

Figure 126.5 Iodized fish sauce available in a market.

Figure 126.6 King’s salt with the royal logo celebrating the 
50th anniversary of the King’s accession to the throne.
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A few years after 1996, IEC activities had been con-
ducted through a “Food Fair” with a contest for Thai food 
cooked with iodized salt. Food stalls from all the provinces 
joined the contest.

After 1999, the budget allocation for the IDD cam-
paign was reduced, due to a change of national priority, 
as well as the achievement of satisfactory levels of iodized 
salt coverage. The shortage of budget decreased the IEC 
activities and also the annual “Food Fair” campaign. IDD 
messages were integrated and included in other health pro-
motion activities such as “Health Promoting School.” The 
Department of Health also provided “generic messages” 
to broadcast through radio stations and public announce-
ment systems in villages.

From 2003, the Thai government has declared June 25 
as a National Iodine Day [the International Council for 
Control of Iodine Deficiency Disorders (ICCIDD) pre-
sented the ICCIDD Gold Medal to H.M. King Bhumibol 
Adulyadej on 25 June 1997]. the IDD campaign has been 
conducted annually since 25 June 2003 (Department of 
Health, 2006).

Policy and Commitment

To gain strong commitment for the NIDDCP, the 
National Iodine Deficiency Disorders Control Board 
(NIDDCB) was established in 1991. Her Royal Highness 
Princess Maha Chakri Sirindhorn kindly accepted the  
chair of the committee. Senior officials of ministries con-
cerned (such as the Industry Ministry, Education Ministry) 
are members of this committee.

The project committee is very fortunate to gain Her 
Royal Highness the Princess’ support to control IDD 
problems in Thailand. Her Royal Highness is widely 
known for her concern for the well-being of the Thai  
people (Department of Health, 1992) (Figure 126.7).

Current Status of IDD

The prevalence of goiter among schoolchildren nationwide 
has been assessed as the indicator to monitor the IDD sit-
uation since the beginning of the NIDDCP. After several 
years of implementation, goiter prevalence has declined 
substantially (from 19.3% in 1989 to 1.3% in 2003) 
(Department of Health, 2006) (Figure 126.8).

Urinary iodine is considered the most sensitive indica-
tor for assessing iodine nutrition status. Urinary iodine 
levels have been collected from pregnant women each year 
since 2000. Pregnant women have been selected as a target 
population since they are considered a high-risk group to 
become iodine deficient. Every year 300 samples of urine 
are collected from pregnant women from each of the target 
provinces (total 15 provinces and 4500 urine samples) for 
iodine-level determination. Cooking salt has been collected 

Figure 126.7 Her Royal Highness Princess Maha Chakri 
Sirindhorn visited a village where 100% of the people consumed 
iodized salt.
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Figure 126.9 Median urinary iodine levels in pregnant women 
(2000–2005).

from the households of sampled pregnant women to test 
whether it is correctly iodized salt (30 ppm) at the same 
time as urine collection. The current status of median uri-
nary iodine levels in pregnant women and the coverage of 
household iodized salt consumption are shown in Figures 

126.9 and 126.10, respectively (Nutrition Division, 2005; 
Department of Health, 2007).
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Problems and Constraints

The NIDDCP was started in 1989 with a high level of 
commitment from the Thai government. After the decline 
in total goiter rate, priority had been shifted to some other 
issues, e.g., HIV/AIDS. Most of the public health officers 
in both central and provincial public health offices think 
that IDD is not considered as a problem for Thailand. 
From 1999, when the budget for NIDDCP decreased sig-
nificantly, that stagnation of activities occurred. Iodized 
salt notification has not been effectively enforced, since 
it covers only salt for direct consumption. There is no 
strong quality assurance system for controlling the produc-
tion of correctly iodized salt at the production sites and at 
household level. The iodized salt test kit (I-Kit) which was 
invented by a Thai scientist has been distributed to salt 
factories and communities to check the quality of salt ran-
domly. There is a need to promote its regular use.

The awareness of people with regard to the importance 
of iodine for brain development is very low. Raising aware-
ness and subsequently changing behavior to demand and 
consume iodized salt takes a long time to achieve. Since 
visible goiter has disappeared from Thailand, people do 
not consider iodine deficiency as a health problem. The 
link between iodine deficiency and intelligence is not 
directly visible. To convey this message, intensive IEC 
needs to be undertaken. There are large numbers of small-
scale salt producers; therefore, it is very difficult to moni-
tor all of them to produce correctly iodized salt by the 
FDA alone (Ministry of Public Health, WHO, UNICEF 
and ICCIDD, 2004).

The Way Ahead

The IDD strategies have been redefined with more focus 
on the relationship between iodine and brain development 
instead of goiter. This makes IDD one of the priorities of 
the Thai government. Several meetings have been con-
ducted in order to create understanding and awareness that 
led to strong networking among concerned sectors. Salt 
producers became the most important players. The effort 
has been put into making them recognize their important 

role and responsibilities in producing correctly iodized  
salt to cover the whole country (Department of Health, 
2006).

Current Activities

The Department of Health has been advocating to the  
Animal Feed Association of Thailand the addition of  
iodine to poultry feed so that eggs produced will contain 
an adequate amount of iodine. Through eggs, iodine can 
become widely available for a population. The effort has 
been made to draft a notification for iodine levels in animal  
feed by the Departments of Health, Animal Husbandry 
and the Animal Feed Association.

The Department of Health conducted meetings with 
snack food producers. They agreed to use iodized salt as an 
ingredient in their products.

A meeting of the NIDDCB was held on 21 March 
2006. Her Royal Highness Princess Maha Chakri 
Sirindhorn graciously presided over the meeting as the 
chairperson. The board approved the proposed the 
NIDDCP master plan for 5 years (2006–2010), and 
agreed to the roles and responsibilities identified for all the 
concerned partners.

Strategies in the Master Plan

There are five strategies in the master plan.
1. Quality iodized salt production and distribution:
 l  Formation of the Iodized Salt Producers Association 

(ISPA);
 l  Setting up an iodized salt fund to strengthen the 

ISPA to coordinate and collaborate quality iodized 
salt production;

 l  Cooperation between the Department of Health, 
FDA, and ISPA to develop an effective and sustain-
able quality control system for iodized salt at the 
production site, market place and household level 
(Figure 126.11).

2. Monitoring and surveillance:
 l  Review and revise iodized salt monitoring protocol to 

get more participation from networking, e.g., from 
“Youth FDA” which has been running in schools  
nationwide;

 l  Strengthen the monitoring system for assessment 
of urinary iodine levels in pregnant women and the 
assessment of the coverage of iodized salt at house-
hold level.

3. Empower local administrative organizations to actively 
participate in the NIDDCP:

 l  Integrate local IDD control programs into the 
Quality of Life Development Program which is the 
initiative project run by local authority offices in all 
 subdistricts of Thailand.
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4. Communication and social marketing campaign for a 
message about the effects on brain development, link-
ing iodized salt consumption:

 l  Create cooperation, partnerships and network-
ing through a social marketing campaign (National 
Iodine Day is celebrated annually on 25 June by all 
 concerned sectors).

5. Research:
The research being done during 2006–2008 includes:

 l  The production and distribution of iodized salt in 
Thailand;

 l  The link between iodine and intelligence: the evi-
dence in schoolchildren in Thailand;

 l Salt consumption among the Thai population;
 l  Integrating the NIDDCP in health promoting activi-

ties at the community level: model development;
 l  Explore other potential food items to be fortified 

with iodine.

Summary Points

l  IDD has been recognized as a public health problem in 
Thailand for more than 50 years.

l  Iodization of salt is the main strategy to achieve a wide 
coverage of the population to increase iodine intake. 

l  Salt producers are the key players and their active partici-
pation in the program is very much needed. 

l  An effective system for the assessment of the situation 
and monitoring of the program is necessary. 

l  There is a need to raise public awareness about the  
benefits of iodized salt use, from household to national 
level. 

l  The lesson learned is the program must be continu-
ously implemented to ensure sustainable elimination  
of IDD.
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Abstract

Mild-to-moderate iodine deficiency has re-emerged over 
the past decade as a significant public health problem in 
Australia and New Zealand. The cause of the deficiency 
appears to be decreased intake of iodine from milk and 
other dairy products. Changes in work practices in the 
dairy industry, where iodophors have been replaced as 
sanitizing agents by non-iodine-containing antiseptic 
chemicals, appear to be the major cause of this deficiency. 
Iodized salt is used by only a minority of the population 
in both countries and not at all by the food-manufactur-
ing and distribution industries. Until recently iodine defi-
ciency was not thought to be a problem in Pacific island 
states, because of the presumed availability of plentiful 
supplies of iodine-containing seafood in coastal com-
munities. Surveys in Fiji and Vanuatu, and observational 
studies in several other island states, have confirmed the 
presence of moderate-to-severe iodine deficiency in these 
countries. There is a requirement for further investigation 
of IDD within Pacific countries, and an urgent need for 
each country to implement Universal Salt Iodization by 
ensuring that all imported edible salts are iodized to an 
 appropriate standard.

Abbreviations

ACCIDD  Australian Centre for Control of 
Iodine Deficiency Disorders

FSANZ  Food Standards of Australia and New 
Zealand

IDD Iodine deficiency disorders
UIE Urinary iodine excretion
UNICEF United Nations Children’s Fund
USI Universal salt iodization
WHO World Health Organization

Introduction

Iodine deficiency represents a major public health problem 
in many countries in the Asia Pacific region. The World 
Health Organization (WHO) estimates that there are close 
to 1 billion people living in the southeast Asian and west-
ern Pacific regions, out of approximately 2 billion world-
wide, who have urinary iodine excretion (UIE) less than 
the minimum level of 100 g/l (Table 127.1). As a conse-
quence, it is speculated that mental and physical growth 
will be impeded in hundreds of millions of iodine-defi-
cient children within this part of the world and they will 
not realize their full genetic potential because of dietary 
iodine deficiency.

The vast geographical expanse of the Asia Pacific region, 
covering approximately 40 countries, from tiny Pacific 
islands populated by only a few thousand inhabitants to 
some of the most populous nations on earth such as India, 
Indonesia and China, poses a challenge in identifying and 
addressing the problems of iodine deficiency disorders 
(IDD) in this part of the world. Because many of these 
countries are island states, it has erroneously been assumed 
that iodine deficiency is not a significant endemic problem 
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Table 127.1 Global prevalence of iodine deficiency: WHO data 
(2003)

WHO regions   All School-age children

Africa   260 325  49 465
Americas    75 081       9955
Eastern Mediterranean   228 451  40 224
Europe (east and west)   435 452  42 215
Southeast Asia   624 013  95 628
Western Pacific   365 322  47 056
Total  1 988 654 284 543

Note: Number of individuals (values in thousands) with urinary 
iodine levels 100 g/l.
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in the Pacific. Consequently, there is little or no data on 
IDD in many of the smaller nations of the Pacific and there 
is a disregard by health authorities for the crucial role of 
iodine nutrition in some of the more affluent nations, such 
as Australia and New Zealand. By contrast, countries such 
as China, Indonesia, Thailand, Vietnam, and more recently 
Laos, Cambodia and the Philippines have invested consider-
able effort and resources in IDD elimination programs and 
have succeeded in increasing household consumption of 
iodized salt over the past decade (Figure 127.1).

Within the Pacific region, IDD has been recognized for 
some time as a serious public health problem in a number of 
countries; specific examples include Papua New Guinea, the 
Philippines and Fiji. There have been reports of goiter being 
prevalent in Vanuatu, New Caledonia, the Solomon Islands, 
and some of the other smaller Pacific islands, such as Tuvalu 
and Samoa. However, survey data are limited and these 
reports need to be investigated. It is likely that IDD is a signif-
icant public health problem in East Timor, as there are many 
anecdotal reports of endemic goiter in adults and children in 
the hinterland of this emerging island state. Unfortunately, 
the continuing political instability, and consequent social dis-
ruption since independence, has prevented appropriate field 
studies from being undertaken to assess the situation there. Of 
major concern are recent studies confirming the re-emergence 
of iodine deficiency in Australia and New Zealand – the two 
most affluent countries in the South Pacific (Eastman, 1999; 
Li et al., 2001; Skeaff and Thomson, 2006).

The rest of this chapter focuses on IDD problem areas 
within the South Pacific region where we had first-hand 
experience of the situation and are involved in addressing 
the issues.

Australia and New Zealand

Most Australian citizens know little about iodine and the 
consequences of iodine deficiency. After being overlooked 

for more than four decades iodine deficiency has only 
recently re-emerged as a public health agenda in Australia 
and New Zealand. In the first half of the twentieth cen-
tury endemic goiter was recognized as a serious problem 
throughout New Zealand, in the island state of Tasmania, 
and along the mountainous ranges of the southeastern half 
of Australia that divide the vast inland from the coastal 
region. In surveys undertaken in the 1950s in Tasmania, 
the prevalence of goiter in schoolchildren was approxi-
mately 50%. The Tasmanian government’s response was 
to mandate the use of iodized salt in bread and provide 
potassium iodide tablets to schoolchildren. These practices 
ceased in the 1960s, when it became apparent that the 
population was ingesting excessive iodine from milk and 
other dairy products. Large quantities of iodine contami-
nated dairy milk products from residual remains after the 
use of iodine-containing sanitizers (iodophores) employed 
throughout the dairy industry. The excessive quantities of 
iodine in the diet, from fortified bread and dairy prod-
ucts, were blamed for an epidemic of thyrotoxicosis that 
occurred in Tasmania in the 1960s (Connolly et al., 1970). 
It was not unusual to see urinary iodine concentrations in 
Tasmanian schoolchildren in excess of 500 g/l in surveys 
conducted during that time. Initially, there was much 
concern about this situation, because of the increased 
incidence of hyperthyroidism in elderly people, but pub-
lic health authorities eventually came to accept the ben-
efits of increased iodine intake in the population, despite 
the fact that iodine levels in milk were not always well- 
regulated, and varied from batch to batch and place to 
place. However, this has now all changed because there has 
been a significant decline in iodine intake.

Mild iodine deficiency has re-emerged in Australia 
over the past decade and poses a serious public health 
problem (Gunton et al., 1999; Li et al., 2001, 2006a, b).  
Median UIE levels in Australia, including Tasmania, 
decreased from greater than 300 g/l in 1990 to less than 
100 g/l by 1999. Iodine deficiency has re-emerged pri-
marily because of changes in work practices in the dairy 
industry, and also because edible iodized salt consump-
tion is extremely low. This situation is compounded 
by the refusal of the food industry to use iodized salt in 
food manufacturing and preparation (Eastman, 1999). 
The dramatic decline in iodine intake in the Australian 
population has been attributed, in large part, to a major 
decrease in iodine content in dairy milk products (Li et al.,  
2006b). Since the early 1960s iodine leakage into milk 
from iodophors has been the major source of iodine in 
the Australian diet. These chemicals are gradually being 
phased out, and replaced by chlorhexidine and chlo-
rine-based disinfectants which are less expensive. Because 
Australia, as a whole, has not had an ongoing iodine 
nutrition monitoring program, the problem of iodine 
deficiency has only come to light through the efforts of 
researchers interested in IDD. A survey of iodine content 
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of milk samples taken from supermarkets in metropolitan 
Sydney between 2001 and 2004 revealed a median con-
tent of 140 g/l in 2001 with a range of 60–220 g/l, 
and 195 g/l in 2004 with a range of 66–412 g/l (Li et al., 
2006b). By contrast, iodine levels in milk from the 1960s 
to the 1980s regularly exceeded 500 g/l and 1 cup of milk 
(250 ml) a day would have provided the recommended 
daily intake of iodine during those decades (Table 127.2).

The Australian population gets little iodine from 
iodized salt. Sales of iodized table salt represent less than 
20% of the edible salt sales in the Australian market. There 
has been no legislation mandating the use of iodized salt in 
the food industry, and there is little awareness among the 
public of the need to purchase and consume iodized salt. 
Anecdotal evidence suggests that people are eating less salt 
as they become more health conscious and follow public 
health recommendations to decrease salt intake to prevent 
cardiovascular diseases. The situation in New Zealand 
appears very similar to that in Australia. Both coun-
tries share a common food standards authority – Food 
Standards of Australia and New Zealand (FSANZ); hence, 
any changes to legislation regarding mandatory salt iodi-
zation will need to be agreed between the two countries 
before changes can be expected. In 2007, FSANZ made 
a draft proposal to introduce mandatory iodine fortifica-
tion of all salt used in the baking of bread. Although it 
is a major step forward, it is still inadequate for solving 
the problem of iodine deficiency in Australia and New 
Zealand (Burgess et al., 2007).

Tasmania is the only Australian state that has continued 
to monitor the iodine nutritional status of the population 
through the Tasmanian Thyroid Advisory Committee. This 

monitoring program was put in place to assess population 
iodine nutrition in response to the long-standing history of 
endemic goiter and the epidemic of iodine-induced hyper-
thyroidism that occurred in the 1960s. Since the identifi-
cation of the re-emergence of iodine deficiency in children 
in the late 1990s, Tasmanian authorities have taken the 
lead in recognizing and attempting to address iodine defi-
ciency by implementing a voluntary program persuading 
bakers to use iodized salt in bread. Health authorities in 
other states have shown minimal interest in addressing 
the problem. The voluntary program in Tasmania has 
increased urinary iodine levels in children from approxi-
mately 75 g/l to over 100 g/l and reduced the percentage 
of children with urinary iodine levels less than 50 g/l from 
17% to 10% of the target population, confirming that this 
has been a successful intervention in improving iodine 
nutrition in children (Seal et al., 2007). By contrast, the 
results in a population of pregnant women in Tasmania 
have been disappointing. Urinary iodine levels in a sample 
of pregnant women rose marginally from a median level 
of 76 g/l before bread fortification to only 86 g/l after 
fortification, confirming that this initiative made little  
difference to the iodine nutritional status in pregnancy. 
This study concluded that successful iodine supple-
mentation must target reproductive-age and pregnant 
women, and not just children, and be substantiated by 
sustained monitoring during pregnancy (Burgess et al., 
2007). The data confirmed that it is not possible to 
achieve adequate iodine intake in pregnant and breast-
feeding women through voluntary fortification of bread 
with iodized salt.

The Australian National Iodine 
Nutrition Study

The recently completed Australian National Iodine 
Nutrition Study was designed to obtain a snapshot of 
urinary iodine levels and thyroid size in 8–10-year-old 
Australian schoolchildren (Li et al., 2006a). The study 
was organized and carried out between 2003 and 2004 
by the Australian Centre for Control of Iodine Deficiency 
Disorders (ACCIDD) situated in Westmead Hospital 
and the Faculty of Medicine of the University of Sydney. 
Children between 8 and 10 years of age were randomly 
selected from schools in five of the six states of Australia. 
Tasmanian children were excluded from the study because 
the voluntary iodized bread program had already com-
menced in that state. Using the ThyroMobil kindly 
provided by the Merck pharmaceutical company, approxi-
mately 1800 children underwent ultrasound examina-
tion for thyroid volume and provided urine specimens for 
urinary iodine levels. Median urinary iodine levels varied 
from one state to another, with the national median level 
being just under 100 g/l, which is consistent with mild 

Table 127.2 Iodine content of supermarket milk samples in 
Sydney, Australia (2004)

Type/brand Expiry date Iodine content (g/l)

Full Cream/Devondale 17/08/2004 155
No Fat/Pura Tone 9/04/2004 258
Lite White/Dairy Farmers 27/03/2004 118
Farmdale 2/04/2004 249
Full Cream/Woolworths 8/04/2004 202
Lite White/Dairy Farmers 6/04/2004 185
Farmers Best 4/04/2004 243
Perfection 28/03/2004   66
Lite White/Farmland UHT 4/11/2004 195
Lite Soy Milk/No frills 1/06/2004 20
Full Cream Long Life/Pura 28/10/2004 327
Lite Start Long Life/Pura 3/07/2004 412
Full Cream/Pura 31/03/2004 158
Full Cream/Dairy Farmers 5/04/2004 155
Lite Soy/So Good 30/10/2004   22
Regular Soy/So Good 28/06/2004 20

Note: Values of 20 g/l reported in the 2004 sampling are 
equivalent to 40 g/l reported in 2001 due to the improved 
assay sensitivity.
Source: Li et al., (2006b).
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iodine deficiency (Figure 127.2). There was a significant 
increase in thyroid volume compared with international 
standards, but no direct correlation between UIE and 
thyroid volume. These data provided the first ever docu-
mentation of iodine status throughout Australia. Multiple 
smaller, locally-based studies have provided data support-
ing the results from the national study. Several studies in 
pregnant women have shown median urinary iodine lev-
els well below 100 g/l (Travers et al., 2006). It is our esti-
mate that the average iodine intake in pregnant Australian 
women is approximately half the recommended daily 
intake of 250 g/day (Eastman, 2005).

Iodine Deficiency in New Zealand

The current situation in New Zealand is very similar to 
that of Australia. Endemic goiter was first described in New 
Zealand in the early part of the last century, but there are 
anecdotal reports of goiter occurring in the indigenous 
population before colonization over 200 years ago (Skeaff 
and Thomson, 2006). New Zealand was one of the first 
countries in the world, along with Switzerland, to introduce 
iodized salt to prevent endemic goiter. While food manu-
facturers did not routinely use iodized salt in food pro-
duction in New Zealand, the ready availability of iodized 
table salt, coupled with copious quantities of iodine in milk 
from iodophore residues, ensured that the New Zealand 
population was iodine replete for most of the second half 
of the last century. It was in the early 1990s that research-
ers in the Department of Nutrition in the University of 
Otago documented the re-emergence of iodine deficiency 
in the population (Thomson et al., 1997). Over the next 

decade these researchers have undertaken multiple studies  
on all segments of the population, confirming mild- 
to-moderate iodine deficiency throughout the country 
(Skeaff and Thomson, 2006). In general, iodine deficiency 
in New Zealand appears to be marginally more severe than 
in Australia, but the cause appears to be much the same in 
both countries, namely, a decline in the use of iodized table 
salt and the replacement of iodophores by other sanitizers 
in the dairy industry.

Fiji

Over the past 25 years a number of small-scale goiter 
prevalence studies have been carried out in Fiji showing a 
high prevalence of goiter in many parts of the country. In 
a 1980 study in which one of us (CJE) participated, the 
prevalence of palpable goiter was over 60% in the popu-
lation of the Sigatoka Valley (King et al., 1983). When 
this study was undertaken, there was no real appreciation 
of the more subtle and less visible effects of iodine defi-
ciency on brain development and the population was not 
examined for these disorders. Also, iodized salt was gen-
erally not widely available at that time. In a 1994 study, 
Gutekunst and co-workers (Gutekunst, 1994) found that 
45% of the population had goiter detected by ultrasound. 
In the pregnant population they studied, the prevalence of 
goiter was 25% in Suva and 29% in the Sigatoka Valley. 
In 1996, the government of Fiji responded by introducing 
legislation that required all salt for human consumption 
imported into Fiji to be iodized. There is no current data 
showing the benefits of this legislation.

Papua New Guinea

Severe iodine deficiency was identified in Papua New 
Guinea in the 1950s and it was the site of the pioneer-
ing clinical research of Pharaoh et al. (1971) demonstrat-
ing that neurological cretinism could be prevented by the 
administration of iodine early in pregnancy. The govern-
ment of Papua New Guinea was a signatory to the World 
Summit for Children declaration in 1990 and enacted 
legislation in 1995 banning the import, sale and distribu-
tion of non-iodized salt. Subsequently, the Universal Salt 
Iodization (USI) policy was consolidated by its inclusion in 
the National Health Plan of 1996–2000 (Temple, 2006). 
A multidisciplinary national committee for elimination of 
IDD has been set up by the government as a subcommittee 
of the National Food and Sanitation Council, showing the 
political commitment of the government to eliminate IDD. 
The establishment of a new micronutrient laboratory in the 
School of Medicine and Health Sciences in the University 
of Papua New Guinea, under the direction of Dr Victor 
Temple, has provided an impetus to IDD elimination efforts 
with the aim of reaching this goal by the year 2010.
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Figure 127.2 Frequency distribution of urinary iodine excretion 
(UIE) in g/l from the Australian National Iodine Nutrition Study.
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Philippines

Iodine deficiency has been a significant public health 
problem in the Philippines and iodized salt utilization has 
remained very low until quite recently. By 2003 only 56% 
of household salt was iodized, despite the fact that the gov-
ernment of the Philippines passed a law in 1995 requiring 
the addition of iodine to all salt intended for animal and 
human consumption. It should be noted that this level of 
cover is a vast improvement on the 9.7% household cov-
erage rate measured in 1998. Approximately two-thirds of 
the Filipino children surveyed in 1998 and 2001, by means 
of UIE, had significant iodine deficiency. The median UIE 
in children in 1998 was 71 g/l, with 65% having a UIE 
of less than 50 g/l. Goiter rates were not determined in 
these surveys. By 2003 there had been a dramatic increase 
in median UIE levels in children to 201 g/l, with preg-
nant and lactating women having excretion levels of 142 
and 111 g/l, respectively (Perlas et al., 2006). These fig-
ures give rise to some concern that iodine intake in certain 
sections of the population may be excessive, while in many 
regions it still remains inadequate.

In 2003, new initiatives were developed and instituted 
to accelerate progress to achieve the goal of USI. These 
efforts have been spearheaded by the Department of 
Health and supported by the United Nations Children’s 
Fund (UNICEF), Kiwanis and ICCIDD. There is renewed 
optimism that strengthening and enforcing the law on salt 
iodization, and making iodized salt more affordable and 
available through cutting taxes, will accelerate the effort to 
eliminate IDD in the Philippines.

Vanuatu

Over the years, there have been many anecdotal reports 
of goiter being prevalent on the island of Tanna and other 
islands in the Republic of Vanuatu. In 2006, we under-
took a small-scale study of schoolchildren on the island 
of Tanna (unpublished data); the median UIE level was 
49 g/l consistent with moderate iodine deficiency. More 
than 30% of the children had enlarged thyroid glands, as 
measured by thyroid ultrasound. Large multinodular goit-
ers were common in older people in some areas of the 
island. As there is no legislation or regulations mandating 
the import of iodized salt, it is not surprising that our sur-
vey found that only 40% of households were using iodized 
salt. The iodine nutritional status of the population living 
on other islands in Vanuatu needs to be investigated and 
the government needs to legislate so that only iodized salt 
is imported for human consumption.

Other Pacific Islands

There are anecdotal reports of goiter being prevalent in 
parts of the Solomon Islands, Tuvalu, Samoa, the Cook 

Islands and New Caledonia. However, there are no authen-
tic epidemiological survey data to draw any conclusions 
about iodine nutrition in these countries. Extrapolating 
from the results of the surveys performed in Fiji some 
years ago, and our more recent investigation of children in 
Vanuatu, it is highly likely that iodine deficiency is far more 
widespread in the Pacific than ever imagined (Figure 127.3).

Summary Points

l The goal of achieving USI, and virtual elimination 
of IDD, within the Asia Pacific region in the next few 
years remains a formidable challenge, and most likely an 
unachievable one.

l It should be recognized that iodine deficiency is widely 
prevalent in Pacific countries. Although these countries 
are island states having ready access to seafood, and 
hence adequate quantities of iodine, there is no protec-
tion from IDD.

l Unless IDD elimination efforts and specific control 
programs are reinvigorated in a number of countries, 
where there has been total neglect or minimal progress 
in recent years, the goal is not attainable in the foresee-
able future.

l The commitment and achievements in countries such as 
China, and more recently Vietnam, provide inspiration 
to other countries that sustainable IDD elimination can 
be realized throughout the Asia Pacific region.

l In the more affluent countries, such as Australia and 
New Zealand, we need a public education campaign 
to inform the public of the need to use iodized salt and 
lobby governments for the implementation of manda-
tory salt iodization. In the meantime, all pregnant and 
breast-feeding women in this country should be made to 
take daily iodine supplements to ensure optimal iodine 
nutrition for the developing fetus.

Figure 127.3 A picture of a young boy from a Pacific island 
with neurological cretinism.
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Abstract

Introduction: The island State of Tasmania, in Australia, 
has long been recognized as an area of endemic iodine 
deficiency. This chapter reviews the history of iodine defi-
ciency, supplementation and monitoring of school age 
children in the state. The history of iodine nutrition from 
1949, when the first survey and supplementation program 
was undertaken, to the late 1980s when the population 
was considered to be iodine sufficient is reviewed. Details 
of the surveys conducted to confirm the re-emergence of 
iodine deficiency following a period without regular moni-
toring are presented. And the outcomes of a subsequent 
voluntary program of bread fortification and a series of 
post-fortification urinary iodine surveys are discussed. The 
need for a sustainable form of iodine prophylaxis, prefer-
ably universal salt iodization, is proposed. Recent Surveys of 
Iodine in Tasmania: Six cross-sectional urinary iodine sur-
veys were conducted on Tasmanian schoolchildren. The first 
two surveys (1998–1999 and 2000–2001) were conducted 
to determine the status of urinary iodine levels in a repre-
sentative sample of children following more than a decade 
without monitoring. In addition to urinary iodine meas-
urement, data were collected on the age, sex and school of 
each participant. The school they attended was assigned 
a residential category, a geographical classification and a 
number of socioeconomic status (SES) scores. Parental edu-
cation, employment status, and occupation were recorded; a 
food frequency questionnaire (FFQ) was completed; and a 
range of questions about the frequency and recency of con-
sumption of iodine-containing foods was asked. Following 
voluntary fortification of bread, a series of four post- 
intervention surveys were conducted in 2003, 2004, 2005 
and 2007. Urinary iodine measurements were made and the 
sex and school of each participant was recorded. As with the  

pre-intervention surveys, each school was assigned a resi-
dential category, a geographical classification and three SES 
scores. Summary of Survey Findings: Results for children aged 
8–11 years are presented. For both the pre-intervention sur-
veys (1998–1999 and 2000–2001) the urinary iodine con-
centrations (UIC), based on the World Health Organization 
(WHO) definitions, were indicative of mild iodine defi-
ciency. The combined overall median UIC pre-intervention 
was 77.5 g/l. Seventy-five percent of the children had UIC 
less than 100 g/l. This was in excess of the WHO recom-
mendation that no more than 50% of a population-based 
sample should have concentrations below 100 g/l. Only 
15.7% of the children, however, had UIC less than 50 g/
l. This was within the WHO recommendation of no more 
than 20% below this concentration. Following fortification, 
the median UIC of schoolchildren examined in the four 
post-intervention surveys improved significantly (108 g/l, 
P  0.0001). Using the WHO definitions, the postinter-
vention UIC increased to a level indicative of optimal iodine 
nutrition and reflecting adequate iodine intake. The percent-
age of children with UIC less than 100 g/l and 50 g/l was 
less than 50% and 20%, respectively, for all post-intervention  
surveys. However, subgroups analysis revealed that while 
boys were iodine sufficient (median UIC 123.0 g/l), girls 
bordered on insufficiency (median UIC 99.0 g/l). In both 
the pre- and post-intervention surveys there were no com-
pelling associations found between UIC and any of the SES 
indicators. Children from private schools had similar median 
UIC to those from public schools. All three school-based 
ratings of SES were only weakly, but not statistically signif-
icantly, associated with UIC. And UIC was not associated 
with either maternal or paternal education, employment 
status, or occupation. Categorization of schools into rural, 
semirural and urban locations did not reveal any association  
with UIC. Examination of geographical locations, which 
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had been used in the past to identify regional variations in 
UIC, revealed differences in median UIC across regions, 
although for the most part these were not statistically sig-
nificant. Of note, however, was that regions with a median 
UIC which was higher or lower than the overall median 
in the pre-intervention surveys tended to have higher or 
lower median UIC, respectively, in the post-intervention 
surveys. This may indicate that irrespective of any fortifica-
tion program there are underlying differences influencing 
urinary iodine levels in the regions. Regions which histori-
cally had high or low levels of iodine deficiency, however, 
were not reflected in the current surveys. Dietary analyses in 
the 2000–2001 pre-intervention survey revealed weak posi-
tive associations with foods that were potential sources of 
iodine and provided evidence that milk and dairy products 
continue to be an important source of dietary iodine for 
Tasmanian schoolchildren. Implications: Voluntary fortifica-
tion of bread in Tasmania appears to have led to an increase 
in the urinary iodine levels of children. There is evidence, 
however, that some groups in the population may still be 
deficient. A sustainable program of prophylaxis is required 
as the voluntary nature of the fortification program leaves 
the population susceptible to a rapid return to deficiency. 
Mandatory fortification, preferably in the form of univer-
sal salt iodization, coupled with ongoing monitoring of the 
population, is required to ensure that iodine deficiency is 
eliminated and does not recur in Tasmania.

Abbreviations

DHHS  Tasmanian Department of Health and 
Human Services

FFQ Food frequency questionnaire
FSANZ Food Standards Australia New Zealand
IDD Iodine deficiency disorders
SchENI School Educational Needs Index
SchSES School Socioeconomic Status
SchSTAS School Student Assistance Program
SES Socioeconomic status
TAC Thyroid Advisory Committee
TSH Thyroid-stimulating hormone
UIC Urinary iodine concentration
WHO World Health Organization
 Female
 Male

Introduction

History of iodine deficiency, supplementation 
and monitoring of school-age children 
(1949–1989)

The mountainous island state of Tasmania, located south 
of the mainland of Australia, has long been recognized as 
an area of endemic goiter. Iodine deficiency in the water 

and soil, and therefore in food produced in many parts of 
Tasmania, is believed to be the result of the combined effects 
of climate, geography and geology (Butler et al., 2007).

Up until the 1940s many cases of goiter were reported 
in schoolchildren by school medical officers. Evidence also 
exists that the rates of nodular goiter in adults were higher 
than normal, and that thyroidectomies were frequently 
performed for nodular nontoxic goiter and occasionally 
for toxic multinodular goiter. Cases of the most severe 
outcomes of iodine deficiency, including cretinism, were 
also known (Gibson, 1995). Little is known, however, 
about the less noticeable effects of iodine deficiency on the 
Tasmanian population.

Although endemic goiter is one of the most visible 
results of iodine deficiency, the most deleterious effect of 
lack of iodine is on the developing brain (Boyages, 1993; 
Laurberg et al., 2000; Dunn and Delange, 2001; Hetzel, 
2004). Iodine deficiency results when intake of iodine falls 
below the level required by the thyroid to synthesize suffi-
cient amounts of thyroid hormones. Low levels of thyroid 
hormones in the blood are the main cause of the range of 
conditions known collectively as iodine deficiency disor-
ders (IDD) (Hetzel, 1983; World Health Organization, 
2001).

At the most severe end of the spectrum this manifests as 
endemic cretinism, but even mild iodine deficiency can affect 
cognitive development and subsequent intellectual abili-
ties, as well as, causing deficits in hearing and reproduction 
(Bleichrodt and Born, 1994; Dunn, 1996; Hetzel, 2004). 
Detailed consideration of the effects of iodine deficiency on  
brain function can be found in the chapter in the handbook 
entitled Iodine Deficiency and the Brain by Basil Hetzel.

In 1949 a state-wide school survey of thyroid size 
confirmed the presence of endemic goiter in Tasmania 
(Clements, 1949). Over the next 35 years supplementa-
tion (both planned and unplanned) and monitoring of 
iodine nutrition by various means was undertaken.

A program of prophylaxis by iodine supplementation 
was introduced by the State Public Health Authority in 
1950, with school-age children administered a weekly 
10 mg potassium iodide table by school health nurses 
(Gibson, 1995). Although supplementation by tablets 
continued for 16 years, it was evident fairly early that 
the program had a number of administrative and practi-
cal problems. For example, the distribution of tablets was 
irregular and varied widely between and within districts 
and schools; consumption of tablets at home was often 
forgotten; and there was not always a correlation between 
regular tablet ingestion and improvement in thyroid sta-
tus. Despite a gradual fall in goiter prevalence (from 20% 
to 50% with palpable enlargement to 10–20%) (Clements  
et al., 1968), the rates in some areas of the state, particularly 
among adolescent girls, remained too high (Gibson, 1995). 
A decision was made to change the method of supplemen-
tation. In 1966 addition of iodine to bread began and the 
use of tablets was phased out. All commercially produced  
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bread was iodized through the replacement of a small part of 
the potassium bromate in oxidizing agents which are used as 
bread improvers with potassium iodate. By 1975, however, 
bread manufacturers had ceased using iodized bread improv-
ers and replaced them with other oxidizing agents.

In addition to deliberate supplementation, unplanned 
iodine supplementation occurred. In 1960 foods from 
mainland Australia, including fruit, vegetables, milk and 
other manufactured products were brought to Tasmania 
with the introduction of roll-on roll-off ferries. At this time 
it was thought that the supply of nonendemically grown 
foods contributed to the slight improvements in goiter 
rates between 1960 and 1965. The second unplanned 
supplementation of iodine in the food supply occurred 
through contamination of milk by newly introduced iodo-
phor sanitizers that were introduced into Tasmanian dair-
ies in 1962–1963 (Gibson, 1995).

The addition of potassium iodate to bread and the 
introduction of iodophors in the dairy industry were 
followed by a dramatic rise in iodine-induced hyper-
thyroidism. In 1971 the Thyroid Advisory Committee 
(TAC) (an expert advisory committee on iodine and 
thyroid disease), with the assistance of the Department 
of Agriculture, stopped the use of iodophor sanitizers in 
transport tankers and processing factories, and limited 
their use to farms. Regular monitoring of milk iodine lev-
els was undertaken from 1970 to 1983. It should be noted, 
however, that while the maximum concentration iodine 
in milk of 500 g/l was controlled, there was no enforce-
ment of a minimum level. Milk iodine levels therefore 
remained an adventitious result of dairy industry practices. 
Following the cessation of bread iodization in the mid-
1970s, milk became the main source of dietary iodine for 
the Tasmanian population. The level of iodine in milk at 
this time ranged between approximately 200 and 490 g/l 
(Gibson, 1995).

Monitoring of the iodine status of Tasmanians was 
conducted in tandem with supplementation. Following 
the initial school survey in 1949, state-wide thyroid size 
assessments of schoolchildren (aged 4–17 years) were car-
ried out at approximately 5 year intervals (in 1954, 1960, 
1965, 1969, 1976, 1984 and 1989) to assess the impact 
of the supplementation program. More frequent follow-up 
was made in areas found to have “unusual patterns.” The 
ratio between iodine and creatinine from casual urine sam-
ples has also been used. A number of surveys were under-
taken between 1965 and 1970 at specific locations in the 
state, and twice in a year iodine to creatinine ratio surveys 
have been conducted on schoolchildren from the north, 
northwest, and south of the state since 1973. From 1976 
onwards a sample of children from Huonville – an area of 
historically high endemic goiter – was also included with 
the regional samples on some occasions. In addition, four 
24-h urinary iodine excretion surveys were conducted on 
small groups (n  22–50) of children (aged 5–11 years) 
between 1970 and 1973. Urinary iodine to creatinine  

ratios from these surveys indicated that up until late 1980 
Tasmania could be considered to be iodine-replete, with 
no more than 20% of children measured having levels 
below 100 and with many surveys finding between 0% 
and 4% with levels below 100 g/l (Gibson, 1995).

In the iodine to creatinine ratio survey conducted in 
October 1980 the percentage of children with levels less 
than 100 g/l had increased from previous years to approx-
imately 13%. By 1983 there were anecdotal reports of an 
increase in the number of children with thyroid enlarge-
ment (Gibson, 1995). Concomitant with these reports was 
a decline in milk iodine levels to around 150 g/l in 1982 
(Gibson, 1995). These indicators of a possible return to 
deficiency were confirmed by surveys in 1984. Depending 
on the age of the children, rates of thyroid enlargement 
had gone up from between 0.3% and 6.7% in 1976 to 
between 1.9% and 14.4% by 1984, and the proportion of 
children with iodine to creatinine ratios levels of less than 
100 g/l had increased to 63% (Gibson, 1995).

No surveys were conducted on schoolchildren between 
1984 and 1989. In 1989 a school survey of urinary iodine 
and goiter was conducted. In the absence of any evidence 
of recurrent deficiency, and given that the iodine levels in 
milk were considered to be satisfactory, iodine monitoring 
was discontinued, with public health funding directed to 
other priorities.

Figure 128.1 shows the history of iodine supplementa-
tion, the conduct of surveys and milk monitoring, and 
the corresponding status of iodine nutrition in the popu-
lation. Information is provided from 1949 onwards and 
includes information on the surveys that are the focus of 
this chapter.

Evidence of the re-emergence of iodine 
deficiency in Tasmania in the 1990s

Concerns were raised in the mid-1990s that the Tasmanian 
population may no longer be iodine sufficient. This was 
based on anecdotal reports that iodophor use in the dairy 
industry had continued to wane, anecdotal clinical evi-
dence of an increase in the prevalence of goiter and thy-
roid disease (Claxton et al., 2000), and reports that iodine 
deficiency had re-emerged in other parts of Australia and 
in other countries (Dunn, 1998; Hollowell et al., 1998; 
Gunton et al., 1999; Li et al., 2001).

In 1996 a convenience sample of 100 eight-year-old 
schoolchildren participating in a study of blood pressure 
and bone density (Dwyer et al., 1999; Jones et al., 2000) 
were selected to provide a timed overnight urine sample 
for iodine analysis. The median urinary iodine concentra-
tions (UIC) was 42 g/l (range 0–200 g/l). The majority 
(92%) of the children had concentrations less than 100 g/
l and 55% had levels less than 50 g/l (Hynes, 2001). 
Based on the WHO categories for assessing the sever-
ity of IDD the sample of children was considered to have 
“moderate” iodine deficiency (World Health Organization, 
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2001). While this sample of children could not necessarily  
be considered to be representative of all Tasmanian  
primary school-aged children, there was some evidence 
of an association between UIC and socioeconomic status 
(SES). Children from lower socioeconomic groups had 
lower concentrations of urinary iodine and a large propor-
tion of low SES children had concentrations in the moder-
ate-to-severe range (Hynes, 2001).

To substantiate the results of this survey a larger popula-
tion-based urinary iodine survey was conducted on a rep-
resentative sample of school-aged children in Tasmania in 
1998–1999, with retesting in 2000–2001. The results of 
these surveys (Hynes et al., 2004) indicated the re-emergence  
of iodine deficiency in Tasmanian schoolchildren.

In July 2000, as conclusive evidence of a return to 
iodine deficiency emerged, the Tasmanian Department of 
Health and Human Services (DHHS) referred the mat-
ter to the food regulatory body for Australia and New 
Zealand (then called the Australian and New Zealand 
Food Authority), with a recommendation that binational 
iodine fortification be investigated with serious considera-
tion of universal salt iodization. Anticipating that it would 
take time to develop a binational approach, the TAC 
called for interim action in Tasmania to correct iodine 
deficiency. The DHHS established an interim strategy 
to increase iodine uptake in the Tasmanian population 

through the establishment of a memorandum of under-
standing with bakeries, where-by uniodized salt used in 
bread-making is replaced with 40 parts per million iodized 
salt (http://www.dhhs.tas.gov.au/publichealth/foodandnu-
trition/iodine/index.html November 2002). A program of 
voluntary iodine fortification of bread in Tasmania began 
in October 2001.

Population Surveys to Assess Iodine 
Status in Tasmania (1998–2007)

We present here the findings of the 1998–1999 and 
2000–2001 pre-intervention and the 2003, 2004, 2005 
and 2007 post-intervention surveys of Tasmanian primary 
schoolchildren.

The two pre-intervention surveys were conducted to 
determine the status of urinary iodine levels in a repre-
sentative sample of Tasmanian primary schoolchildren 
following more than a decade without regular monitor-
ing. The four post-intervention surveys were conducted to 
examine the effects on urinary iodine levels following the 
voluntary fortification of bread with iodine. In addition 
to the assessment of urinary iodine levels, information on 
SES and geographical location was collected both pre- and 
post-intervention. Pre-intervention data on dietary sources 
of iodine were also collected.

SUPPLEMENTATION

1949 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2007

1949 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2007

TABLETS (deliberate supplementation) 1950–1966

INTERSTATE FOODS (unplanned supplementation) 1961 onwards

IODOPHOR SANITIZERS in DAIRY INDUSTRY (unplanned supplementation)
1962–1983, decreased use 1983 onwards

BREAD IODIZATION (deliberate supplementation) 1966–1974 (voluntary fortification) 2001 onwards
SURVEYS

GOITER SURVEYS of SCHOOLCHILDREN (approximately 5 year intervals) THYROID ULTRASOUND in CHILDREN
2000–20011949 1954 1960 (2�) 1965  1969 1976 1984 1989

URINARY IODINE in CHILDREN
1996 1998–1999 2000–2001 2003/4/5/7

24th URINARY IODINE EXCRETION
Children 1970–1973 

URINARY IODINE: CREATININE RATIO in 10–year olds (1965, ’69 twice, ’70, ‘73–‘84 twice yearly, ‘85, ‘89)

MILK MONITORING
Regular monitoring 1970–1983, occasional testing 1983�

IODINE NUTRITION

Under
correction
(1950–1961)

Improving, but
not adequate
(1961–1966)

Adequate, but an increase
in thyrotoxicosisa

(1966–1974)

Adequate
nutrition
(1974–1983)

Danger of return
 to deficiency
(1983–1996)

Evidence of “mild”
to “moderate”b iodine
deficiency among
schoolchildren
(1996, 1998–1999 & 2000-2001)

Improvement
in iodine nutrition
in children (2003,
2004, 2005,& 2007)

Figure 128.1 History of iodine supplementation, surveys of children, milk monitoring and iodine nutrition in Tasmania (1949–2007). 
After Gibson (1995) for 1949–1984, information for 1984 onwards from Thyroid Advisory Committee meeting minutes; Hynes (2001), 
Hynes et al., (2004), and Seal et al., (2007). A summary of the history of iodine in Tasmania, including planned and unplanned sup-
plementation programs, surveys of thyroid size and urinary iodine levels in children, monitoring of iodine levels in milk, and the status 
of iodine nutrition using the World Health Organization definitions. The summary covers the period from 1949, when the first survey of 
schoolchildren was conducted, to the most recent survey of children conducted in 2007. aStewart et al., (1971); bbased on WHO defini-
tions World Health Organization, (2001).
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The results of the pre-intervention surveys have previ-
ously been published in the Australian and New Zealand 
Journal of Public Health (Hynes et al., 2004) and the results 
of the first three post-intervention surveys in the Medical 
Journal of Australia (Seal et al., 2007).

Pre-intervention surveys

1989–1999 Surveys

Study Participants and Data Collection: Subjects were 
selected using a two-stage stratified sampling proce-
dure. Included in the primary sampling frame were all 
Tasmanian schools with more than 15 children of pri-
mary school age. Thirty schools were chosen with a 
probability proportional to enrollments in grades from 
Kindergarten to Grade 6, with the aim of selecting at ran-
dom 15 students from the list of enrollments at each of 
those 30 schools. In practice, two schools declined to par-
ticipate and 322 children from the remaining 28 schools 
were invited to participate. A urine sample was provided 
by 74.9% (241/322), including 128 boys and 133 girls 
aged 4–12 years. Of the remainder, 64 refused or failed 
to return a sample, and 17 were unable to be contacted. 
Urine samples were collected from December 1998 to 
March 1999. The results for a subsample of children aged 
8–11 years of age (n  126) is examined here to enable 
comparison with the post-intervention surveys.

Each subject’s age, sex and school was recorded. The 
school they attended was assigned a residential category, 
a geographical classification and a SES score. Three resi-
dential categories (urban, semirural, or rural) were used. 
The geographical classifications were based on those used 
by Clements et al. (1968). For government schools, three 
SES scores were provided by the Tasmanian Department 
of Education, Training, Community and Cultural 
Development. The School Socioeconomic Status (SchSES) 
indicator is an index based on the Australian Bureau of 
Statistics census district data, which includes occupation, 
unemployment, education factors, income and aboriginality 
factors, with a high value indicating a low SES. The percent-
age of students in a school qualifying for the School Student 
Assistance Program (SchSTAS) (which offers relief from 
purchase of school books and is known as “loan issue”) is 
an indicator of SES by virtue of low parental income. The 
School Educational Needs Index (SchENI) is constructed 
by adding the two previous indices, with high values reflect-
ing schools with a high-need student population and a lower 
SES. These measures are an indicator of the SES of the 
whole school population. They therefore do not necessarily 
reflect the status of the individuals selected to participate.

2000–2001 Survey

Study Participants and Data Collection: All children 
(n  334) who participated in the 1996 (see Introduction 

for details) and 1998–1999 surveys, and were still living 
in Tasmania, were eligible to participate in the 2000–2001 
survey. Ten subjects were no longer resident in Tasmania. Of 
the remaining 324, 215 (124 boys and 91 girls) participated 
giving a response rate of 66.4% (215/324). Urine samples 
were collected from March 2000 to March 2001, when sub-
jects were aged 5–14 years. The results for a subsample of 
children aged 8–11 years of age (n  112) is examined here 
to enable comparison with the post-intervention surveys.

Each subject’s age and sex and was recorded. Information 
was collected on a range of demographic and socioeconomic 
factors relevant to the child (including parental education, 
employment status and occupation) and on the child’s intake 
of nutritional supplements, natural and herbal remedies, 
and medications. A food frequency questionnaire (FFQ) 
(Baghurst and Record, 1984), adapted for children (Riley, 
1995, personal communication), was administered. This 
provided information on the usual intake of a range of foods 
during the past 12 months. Information on the number of 
serves of each food consumed was also recorded. Questions 
about the recency of intake (intake during the last 24 h or 
the last 7 days) of foods that may contain iodine (based on 
data from the 1997/1998 New Zealand Total Diet Survey) 
(Vannoort et al., 2000), were also asked. Information about 
the usual intake and recency of use of iodized salt was also 
collected, although quantification of use was not possible. 
Our objective in collecting the dietary data was to determine 
whether any iodine-containing food, or groups of foods, 
were associated with adequate iodine nutrition. We also 
wished to examine whether milk and milk products, which 
in the past were a major source of iodine for the population, 
were associated with adequate levels of iodine.

Post-intervention surveys

2003, 2004, 2005 and 2007 Surveys

Study Participants and Data Collection: Subjects were 
selected using a one-stage cluster sampling method. In 
2003, 451 school classes containing fourth-grade children 
were identified from 227 government, Catholic and inde-
pendent schools in Tasmania. Of these, 47 were randomly 
selected to participate in 2003, with an additional eight 
classes selected in 2004, 2005 and 2007. Response rates for 
the 2003, 2004, 2005 and 2007 surveys were 44, 44, 37 
and 32%, respectively. Lack of response was due to nonre-
turn of consent forms (31, 32, 42 and 43%), declined con-
sent (19, 20, 19 and 36%) and failure to provide a sample 
(due to inability or absence from school on the collection 
day) (6, 4, 2 and 9%). Unlike the preintervention surveys, 
ethics approval did not allow for direct follow-up of par-
ents and carers to encourage participation. Urine samples 
were collected between May and September in 2003, July 
and November in 2004, April and November in 2005, and 
February and April in 2007.



1238 Other Causes of Hypothyroidism

Each subject’s school (for all years) and sex (for 2004, 
2005 and 2007) was recorded. Age was not recorded for 
individual children, but all children were aged between 
8 and 11 years. As for the 1998–1999 pre-intervention 
survey, the school attended by each subject was assigned 
a residential category (urban, semirural, or rural), a geo-
graphical classification (Clements et al., 1968) and, 
for government schools, the three SES scores (SchSES, 
SchSTAS and SchENI).

Ethical approval for the 1998–1999 and 2000–2001 
surveys was granted by the University of Tasmania Human 
Research Ethics Committee; and for the post-intervention 
surveys in 2003, 2004, 2005 and 2007 by the Southern 
Tasmanian Health and Medical Human Research Ethics 
Committee and the Department of Education’s Office 
of Educational Review. Individual informed consent was 
obtained from a parent/guardian of each child for all surveys.

Sample collection and urinary iodine 
measurements

For the pre-intervention surveys, spot morning urine sam-
ples were collected from the first void on waking in the 
morning. The date and time were recorded. Samples were 
stored in the dark at 4°C for a maximum of 4 weeks before 
assay. For the post-intervention surveys casual spot urine 
samples were collected. An aliquot was drawn from each 
sample, frozen and transported to the laboratory.

The laboratory analyses were performed by the Institute 
of Clinical Pathology and Medical Research (ICPMR), 
Laboratory Endocrinology Department at Westmead 
Hospital in Sydney, using the “Ohashi microplate method” 
(Ohashi et al., 2000), based on the Sandel–Kolthoff reac-
tion. This laboratory complies with ISO/IEC 17025 under 
the accreditation scheme of the National Association of 
Testing Authorities and the Royal College of Pathologists 
of Australasia.

For the pre-intervention surveys logarithmic trans-
formation of the UIC produced symmetric and approxi-
mately normal distributions and where possible analysis 
was performed using the transformed iodine concentra-
tion. For many of the results, however, medians and results 
of nonparametric tests are reported to enable comparison 
with the post-intervention surveys. In examining the dif-
ferences between years some subjects had been sampled on 
both occasions. To remove the effect of the assumed cor-
relation between subjects sampled on multiple occasions, a 
linear mixed model analysis including subjects as random 
effects was used to test the difference between log iodine 
in the pre-intervention years.

In the analysis of dietary factors, ratios of prevalence of 
urinary iodine of at least 100 g/l were estimated with a 
log link and binomial errors (log binomial regression). The 
log iodine values were also used in analyses of correlation.  
For the analyses of parental education, there were five 

categories (no education, primary school only, second-
ary school, senior secondary and tertiary). For the analy-
ses of parental employment, there were seven categories 
(employed full time, employed part time or casually, 
unemployed, home duties, student, retired and perma-
nently unable to work or disabled). For the analyses of 
parental occupation, the stated main occupation was 
coded using the first digit of the Australian Standard 
Classification of Occupations (an 8-point scale ranging 
from managers and administrators to laborers and related 
workers, with members of the armed forces included in 
the last category). Children of unemployed persons, pen-
sioners (retired and those unable to work or disabled) and 
students (fathers, n  3; mothers, n  5) were excluded 
from the analyses of occupation. Examinations of sex, 
geographical and socioeconomic factors used Wilcoxon 
and Kruskal–Wallis tests for consistency with the post- 
intervention surveys. The 2 test was used in examinations 
of subjects with UIC above/below certain thresholds (e.g., 
subjects with UIC 100 g/l).

The post-intervention data were not distributed in a 
way that allowed transformation to normality. No infor-
mation was collected on subjects that had been sampled 
multiple times, so it was not possible to account for this 
in analysis. Medians were reported and nonparametric 
Wilcoxon and Kruskal–Wallis tests were used to examine 
group differences, and the Spearman rank procedure for 
the analysis of correlations.

Wilcoxon rank sum test was used to examine the dif-
ference between pre- and post-intervention samples, UIC 
were averaged for subjects which had been sampled on 
more than one occasion in the pre-intervention surveys.

Evaluation of Survey Findings

Data were collected on children aged 4–15 years in the 
pre-intervention surveys and aged 8–11 years in the post-
intervention surveys. To allow comparison between the 
pre- and post-intervention surveys results for the pre- 
intervention surveys are shown for the subsample of  
children aged 8–11 years only.

Methodological differences between the pre- and post-
intervention surveys restrict direct comparisons and should 
be considered when interpreting the results. Difference in 
sampling procedures, participant response rates, and issues 
arising from the collection of first morning void in the pre-
intervention surveys versus casual spot morning samples in 
the post-intervention surveys have been discussed in detail 
in an earlier publication (Seal et al., 2007).

In the pre-intervention surveys there were a number 
of subjects (n  53) who contributed a urine sample in 
each of the pre-intervention surveys. A test of difference 
between years using a linear effects model showed no  
significant difference (P  0.67), indicating that the 
median UIC was not materially changed by taking the 



matching into account. In analyses where pre-intervention 
data is combined, however, we have used the average UIC 
for subjects with two samples to account for any possible 
correlation. In the post-intervention surveys, it is possible 
that some children were surveyed in more than one year. 
Given that no identifying information was recorded we are 
unable to examine the effect of any repeated measures on 
the post-intervention results.

Urinary iodine concentrations

The urinary iodine results for the pre- and post- 
intervention surveys are shown in Table 128.1.

Figure 128.2 depicts the distribution of UIC in the pre-
intervention surveys (1998–1999 and 2000–2001) and the 
post-intervention surveys (2003, 2004, 2005 and 2007).

There was no significant difference in the UIC for the 
two pre-intervention surveys (P  0.72), therefore the 
results were combined. The combined pre-intervention 
median UIC (77.5 g/l, range: 18–480 g/l) was indicative 
of a population with insufficient iodine intake and there-
fore mild iodine deficiency. Seventy-five percent of the 
children had iodine concentrations of less than 100 g/l, 
including 15.7% with less than 50 g/l. There were no  

significant differences in the UIC of males ( ) and females  
( ) (P  0.62), or in the percentage of each sex with con-
centrations less than 100 g/l (P  0.64). The percentage 
of males compared to females with UIC less than 50 g/l 
approached significance (P  0.07).

Following fortification of bread the UIC of Tasmanian 
schoolchildren increased significantly (P  0.0001). The 
overall median UIC for the four post-intervention surveys 
was 108 g/l (range 5–865 g/l), indicating that iodine 
intake is adequate and the population falls within the 
range of iodine nutrition considered optimal (i.e., 100–
199 g/l). A test of trend indicated a statistically significant 
increase over time (P  0.01), however, the correlation 
(r  0.06) was biologically immaterial and the results of 
the UIC of all four surveys have therefore been combined 
for some analyses.

The percentage of children with UIC of less than 100 g/l 
and with less than 50 g/l decreased in the post- 
intervention surveys. For each year, and for all years com-
bined, there were fewer than 50% of children with values 
less than 100 g/l and under 20% of children had values less  
than 50 g/l, indicating that iodine intake was adequate.

Unlike the pre-intervention surveys, however, there were 
significant differences in the UIC of males and females 

Table 128.1 Urinary iodine concentrations (g/l) of Tasmanian schoolchildren in pre-intervention 
(1998–1999 and 2000–2001) and post-intervention surveys (2003, 2004, 2005 and 2007) (aged 
8–11 years)

Urinary iodine (g/l), 
median (IQR)a

Subjects with urinary iodine (%)

100 g/l 50 g/l

Pre-intervention
 All subjects
  1998–1999 (n  126) 75.0 (60–100) 74.6 (94/126) 16.7 (21/126)
  2000–2001 (n  112) 73.0 (56–104) 73.2 (82/112) 17.9 (20/115)
  Combined (n  185)b 77.5 (60.5–99) 75.1 (139/185) 15.7 (29/185)
 Subjects classified by sex
  Male (n  106)b 78.3 (58–99) 76.4 (139/185) 19.8 (21/106)
  Female (n  79)b 75.0 (61–108) 73.4 (58/79) 10.1 (8/79)

Post-intervention
 All subjects
  2003 (n  347) 105.0 (72–147) 47.8 (166/347) 10.1 (35/347)
  2004 (n  430) 109.5 (74–159) 43.3 (186/430) 10.0 (43/430)
  2005 (n  402) 105.0 (72–155) 46.3 (186/402) 10.5 (42/402)
  2007 (n  331) 115.0 (77–170) 42.9 (142/331) 6.7 (22/331)
  Combined (n  1510) 108.0 (74–159) 45.0 (680/1150) 9.4 (142/1150)

 Subjects classified by sexc

  Male (n  607) 123.0 (81–172) 38.1 (231/607) 7.7 (47/607)
  Female (n  553) 99.0 (69–154) 50.8 (281/553) 10.7 (59/553)

Notes: Median values and the interquartile range (25–75%) are given for all subjects each year, for 
all years combined and for each sex. In addition, the percentage and number of children with levels 
less than 100 g/l and less than 50 g/l are shown.
a Median (IQR), median and interquartile range (25th–75th percentile).
b Matching of subjects with two pre-intervention samples (n  53) taken into account (the average 
of the 1999 and 2000–2001 samples were used).
c Data on sex not available for 2003, two subjects not coded in 2004 and one subject not coded in 
2005.
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for all the years where information on sex was collected 
(P  0.0001). Girls had significantly lower UIC each year 
than boys, bordering on deficiency in each survey (female 
vs. male 2004: 102 to 118 g/l; 2005: 96 to 121 g/l; 
2007: 99 to 136 g/l). There were significantly more girls 
with IUC of less than 100 g/l for all years (female vs. 
male 2004: 48.2 to 38.4%; 2005: 53.7 to 39.8%; 2007: 
50.6 to 35.3%) (P  0.001 for all years). As with the over-
all median value for girls, the percentage of girls with UIC 
less than 100 g/l bordered on deficiency. The difference in 
the percentage of boys and girls with UIC less than 50 g/l 
was close to significance (P  0.08 for all years), but nei-
ther sex had percentages greater than 20%, which would 
be indicative of deficiency.

Figure 128.3 shows the percentage of male and female 
subjects with adequate UIC, i.e., concentrations greater 
than 100 g/l for the pre- and post-intervention surveys.

Socioeconomic status

In the 1998–1999 pre-intervention survey, the children 
(n  28) enrolled in private schools had similar median 
UIC to children (n  98) from public schools (78 g/l vs. 
75 g/l), and the results were not statistically significantly 
different (P  0.29). For the public schoolchildren, each 
of the three school-based ratings of SES was only weakly 
associated with UIC and none were statistically significant. 

The correlation for the SchSES indicator was r  0.05; 
for the SchSTAS it was 0.06; and for SchENI it  
was 0.06.

In the post-intervention surveys public schoolchildren 
(n  1191) had a similar median UIC to those at private 
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Figure 128.3 Percentage of male and female subjects with 
adequate urinary iodine concentrations (greater than 100 g/l) 
for the pre- and post-intervention surveys. As an indicator of the 
elimination of iodine deficiency in a population-based sample the 
World Health Organization require at least 50% of participants to 
have levels greater than 100 g/l.
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schools (n  319), with no significant difference (109 g/l 
vs. 106 g/l, P  0.76). Each of the three school-based 
ratings of SES was again only weakly associated with UIC 
and none were statistically significant. The correlation for 
SchSES was r  0.04; for SchSTAS it was 0.04; and 
for SchENI it was 0.03.

The median UIC of subjects grouped in categories of 
the SchSTAS at the public school they attended are shown 
in Figure 128.4a, b. No ratings were provided for the pri-
vate schools in the surveys. There is no apparent trend in 
UIC with an increasing percentage of children on “loan 
issue.” Lower school SES does not appear to indicate  
lower UIC.

In the 2000–2001 pre-intervention survey, informa-
tion was collected on parental education, employment 
status and occupation. Log UIC in 2000–2001 were 

not associated with maternal (r  0.08) or paternal 
(r  0.08) education, or with maternal (r  0.05) or 
paternal (r  0.13) employment status, or with the type 
of occupation of either the mother (r  0.09) or father 
(r  0.03). The median iodine concentrations at three lev-
els of maternal and paternal education are shown in Figure 

128.5. A lower level of parental education is not indicative 
of lower UIC.

Geographical location

Figure 128.6a, b shows the a priori allocation of school 
attended into urban, semirural and rural categories for 
the 1998–1999 pre-intervention survey and the four post-
intervention surveys, respectively. For the pre-intervention  
survey the UIC did not differ significantly between groups 
of subjects (P  0.66). For the post-intervention surveys, 
the UIC were significantly different (P  0.003), with 
rural areas having higher UIC than the semirural and 
urban areas.

Figure 128.7a, b shows the results when categoriza-
tion was based on the 11 geographical areas used by 
Clements et al. (1968) to identify regional variation in 
UIC. It should be noted that, in the pre-intervention sur-
vey there were no subjects in either the Central Plains or 
the D’Entrecasteaux Channel regions, and in the post- 
intervention surveys there were none in the North East 
Plateau and East Coast regions. In addition, a number of 
regions with less than nine participants have been combined  
with neighboring regions. In the pre-intervention sur-
veys the North East Plateau (median UIC 66 g/l, n  5) 
and the North Central Plains (115.5 g/l, n  2) have 
been combined with the Northern Metropolis (78 g/l, 
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N  38); the Southern River Valleys (88.5 g/l, n  4) 
have been combined with the Southern Metropolis 
(73.5 g/l, n  34); and the West Coast (66 g/l, n  2) 
with the North West Coast (72 g/l, n  20). To enable 
comparison with the pre-intervention data the following 
regions have also been combined in the post-intervention 
surveys: the North Central Plains (132 g/l, n  139) and 
Northern Metropolis (103.5 g/l, N  210); the Southern 
River Valleys (109 g/l, n  76) and the Southern 
Metropolis (99 g/l, n  388); and the West Coast 
(74.5 g/l, n  12) with the North West Coast (107 g/l, 
n  437). The UIC exhibited a similar pattern in the pre- 
and post-intervention surveys. In general, regions with 
UIC above the overall median in the pre-intervention 
 surveys were above the median in the post-intervention 
surveys (e.g., Far North West, and North Central Plains); 

and those regions with UIC below the overall median 
in the pre-intervention surveys tended to be below the 
median post-intervention (e.g., West Coast, North West 
Coast and Southern Metropolis).

In both the pre- and post-intervention survey the highest  
median concentrations were recorded in the North Central 
Plains and Far North West regions. The lowest median 
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Tasmanian schoolchildren in 2003, 2004, 2005 and 2007 clas-
sified by the location of the school attended. Schools attended 
were categorized as being rural, semirural or urban.

Overall median

0

25

50

75

100

125

150

M
ed

ia
n 

ur
in

ar
y 

io
di

ne
 (

µg
/l)

North West
and

West Coast
(n � 25)

East
Coast
(n � 9)

S. Metrop.
and

S. River Valleys
(n � 38)

N. Metrop.,
N. Central Plains
and NE Plateau

(n � 45)

Far
North
West

(n � 9)

Geographical region(a)

Overall median

0

25

50

75

100

125

150

M
ed

ia
n 

ur
in

ar
y 

io
di

ne
 (

µg
/l)

Geographical region(b)

D'Entre
casteaux
Channel
(n � 135)

S. Metrop.
and S. River

Valleys
(n � 464)

North West
and

West Coast
(n � 449)

N. Metrop.
and N. Central

Plains
(n � 349)

Central
Plains

(n � 16)

Far
North
West

(n � 97)

Figure 128.7 Median urinary iodine concentrations (g/l) for 
Tasmanian schoolchildren in (a) 1998–1999 and (b) 2003, 2004, 
2005 and 2007 classified by geographical region. The geographi-
cal categorization is based on eleven areas used by Clements  
et al., (1968) to identify regional variation in urinary iodine con-
centrations. (a) It should be noted that in the pre-intervention sur-
vey no data were available for the D’Entrecasteaux Channel or 
the Central Plains. Due to low numbers of participants in some 
regions the data for the North Central Plains and North East 
Plateau has been combined with the Northern Metropolis; the 
Southern River Valleys with the Southern Metropolis; and the West 
Coast with the North West Coast. (b) It should be noted that in 
the post-intervention surveys no data were available for the East 
Coast or the North East Plateau. To enable comparison with the 
pre-intervention results in (a), data for the North Central Plains has 
been combined with the Northern Metropolis; the Southern River 
Valleys with the Southern Metropolis; and the West Coast with the 
North West Coast.
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concentrations were recorded for the relatively few subjects 
on the West Coast. The North East Plateau was similarly 
low in the pre-intervention surveys, but no data were avail-
able post-intervention.

In the pre-intervention survey the differences in UIC 
between the regions did not approach statistical sig-
nificance (P  0.66). Variation in UIC for the post- 
intervention surveys was statistically significant (P  0.001), 
principally due to higher values in the Far North West.

Dietary sources of iodine

The 2000–2001 pre-intervention survey included ques-
tions about the consumption of key foods that may be 
dietary sources of iodine: iodized salt, ice cream, cream 
cheese, soy milk, saltwater fish and shell fish, seaweed or 
seaweed products and preserved cherries.

The results for usual frequency and recency of intake are 
shown in Table 128.2. The proportion of subjects with ade-
quate UIC of at least 100 g/l is compared between groups 
of subjects defined by both frequency and recency of 
intake, with least frequent or least recent intake being the 
reference category. While the associations are not strong, 
for most foods more frequent or more recent intake tended 
to be associated with a greater prevalence of adequate uri-
nary iodine. Combining all nonsalt sources other than pre-
served cherries and soy milk, which in our data appeared 
to be associated with reduced urinary iodine, showed some 
evidence of a threshold level of intake. However, while 
more frequent intake tended to be associated with greater 
prevalence of adequate urinary iodine, the trend through 
category scores for the sources combined was not signifi-
cant (P  0.20).

The prevalence of adequate urinary iodine at frequencies of 
consumption of milk, yoghurt and fish are presented in Table 

128.3. The ratios of prevalence shown have been adjusted 
for the frequency of consumption of six other iodine-con-
taining foods. There was some evidence of a protective 
effect from consumption of milk and yoghurt, although  
apparently without a dose–response effect at higher intakes.

Implications

As outlined in the Introduction, Tasmania has a long 
history of iodine deficiency which in the past has been 
overcome by a combination of planned and unplanned 
supplementations of the food supply. By the late 1970s, 
early 1980s the iodine nutrition of the Tasmanian popu-
lation was considered to be adequate. With no persistent 
evidence of a return to deficiency in the late 1980s, and 
given that there were adequate iodine levels in milk, regu-
lar monitoring of urinary iodine levels in Tasmania chil-
dren was discontinued.

Reemergence of iodine deficiency

Subsequent to the cessation of regular monitoring, anecdo-
tal reports suggested the re-emergence of iodine deficiency 
in Tasmania during the late 1980s and 1990s (Claxton  
et al., 2000; Burgess et al., 2000). Definitive evidence 
of the re-emergence of iodine deficiency in Tasmanian 
schoolchildren was established in the pre-intervention  
surveys of 1998–1999 and 2000–2001 reported here.

The median iodine concentration of the two surveys, for 
children aged 8–11 years, was 77.5 g/l. Using the WHO 
classification of iodine nutritional status from a popula-
tion-based sample, median levels between 50 and 100 g/l 
are indicative of mild iodine deficiency (World Health 
Organization, 2001). As an indicator of the elimination 
of iodine deficiency the WHO require 50% of children to 
have levels greater than 100 g/l and no more than 20% 
with levels below 50 g/l. In the pre-intervention surveys 
only 24.9% of the children had levels greater than 100 g/l, 
while 15.7% had levels less than 50 g/l.

The re-emergence of iodine deficiency occurred in 
Tasmania despite the long-known and well-recorded 
nature of the problem and previously successful fortifi-
cation programs. At this time milk was the major source 
of iodine for Tasmanians, following the discontinuation 
of bread iodization in the mid-1970s. Unfortunately the 
period during which monitoring of schoolchildren ceased 
coincided with a decrease in milk iodine levels, which is 
believed to be the result of reduced reliance on iodine- 
containing sanitizing agents by the dairy industry. The  
re-emergence of deficiency highlights the importance of 
persistent monitoring in regions of known endemia, not 
only of the population, but also of the supply of dietary 
iodine. This is vital if the source of iodine nutrition is 
adventitious and subject to change, as it is with milk.

The problem of iodine deficiency is not confined 
to Tasmania. Following reports of mild iodine defi-
ciency among schoolchildren of Sydney (Li et al., 2001), 
Melbourne (McDonnell et al., 2003), and Tasmania 
(Hynes et al., 2004), a National Survey of Australian 
schoolchildren reported mild iodine deficiency in the 
states of New South Wales, Victoria and South Australia 
(Li et al., 2006). Iodine deficiency has also been identified 
among neonates (McElduff et al., 2002), pregnant women 
(Travers et al., 2006; Burgess et al., 2007) and adults (Li  
et al., 2001; Gunton et al., 1999) in Australia.

Improvement following fortification

Following voluntary fortification of bread in Tasmania in 
October 2001, urinary iodine levels in Tasmania school-
children increased in surveys conducted in 2003, 2004, 
2005 and 2007. The median UIC was 108 g/l across 
the four surveys. Using the WHO classifications, median 



Table 128.2 Prevalence of adequate urinary iodine concentration (at least 100 g/l) in 2000–2001 by subjects 
categorized by manner, frequency and recency of consumption of dietary sources of iodine

Dietary source Prevalence % (num/N)a Prevalence ratio, PR (95% CI)b

Iodized salt, manner of use
 Not used 28 (17/60) 1.00
 In cooking only 18 (3/17) 0.62 (0.21–1.88)
 At the table only 33 (5/15) 1.18 (0.52–2.67)
 In cooking and at the table 27 (3/11) 0.96 (0.34–2.74)

Iodized salt, recency
 Not in last 7 days 26 (18/69) 1.00
 Last 7 days, not last 24 h 31 (4/13) 1.18 (0.48–2.92)
 Last 24 h 27 (7/26) 1.03 (0.49–2.18)

Ice cream, frequency
 0–3 servings per month 9 (2/23) 1.00
 4–7 servings per month 33 (9/27) 3.83 (0.92–15.98)
 8–11 servings per month 27 (4/15) 3.07 (0.64–14.71)
 12 servings per month 32 (14/44) 3.66 (0.91–14.74)

Ice cream, recency
 Not in last 7 days 19 (6/31) 1.00
 Last 7 days, not last 24 h 30 (14/47) 1.54 (0.66–3.57)
 Last 24 h 31 (10/32) 1.62 (0.67–3.91)

Cream cheese, frequency
 Never or rarely 24 (23/97) 1.00
 1 servings per month 50 (7/14) 2.11 (1.12–3.98)

Cream cheese, recency
 Not in last 7 days 24 (25/105) 1.00
 Last 7 days 71 (5/7) 3.00 (1.68–5.36)
Soy milk, frequency
 Never or rarely 27 (29/107) 1.00
 1 servings per month 20 (1/5) 0.74 (0.12–4.38)

Soy milk, recency
 Not in last 7 days 27 (30/110) 1.00
 Last 7 days 0 (0/2) 0.00 (n.a.)

Saltwater fish and shell fish, frequency
 Never or rarely 24 (8/34) 1.00
 1–3 servings per month 25 (12/48) 1.06 (0.49–2.32)
 4 servings per month 33 (10/30) 1.42 (0.64–3.12)

Saltwater fish and shell fish, recency
 Not in last 7 days 26 (21/82) 1.00
 Last 7 days, not last 24 h 33 (8/24) 1.30 (0.66–2.56)
 Last 24 h 17 (1/6) 0.65 (0.11–4.04)

Seaweed or seaweed products, frequency
 Never or rarely 26 (29/110) 1.00
 1 servings per month 0 (0/1) 0.00 (n.a.)

Seaweed or seaweed products, recency
 Not in last 7 days 26 (29/110) 1.00
 Last 7 days 50 (1/2) 1.90 (0.46–7.85)

Preserved cherries, frequency
 Never or rarely 28 (29/105) 1.00
 1 servings per month 14 (1/7) 0.52 (0.08–3.26)

Preserved cherries, recency
 Not in last 7 days 27 (29/108) 1.00
 Last 7 days 33 (1/3) 1.24 (0.24–6.34)

Sources other than iodized salt, cherries and soy milk, frequency
 0–9 servings per month 10 (1/10) 1.00
 10–19 servings per month 22 (6/27) 2.22 (0.30–16.24)
 20–29 servings per month 32 (12/37) 3.24 (0.48–22.05)
 30–39 servings per month 30 (6/20) 3.00 (0.42–21.65)
 40 servings per month 33 (4/12) 3.33 (0.44–25.24)

Notes: The urinary iodine concentration of Tasmanian schoolchildren in the 2000–2001 pre-intervention survey 
is investigated using a range of foods that are dietary sources of iodine. Each food is categorized by manner or 
frequency of use and by recency of consumption. To determine whether more frequent or recent intake of foods 
containing iodine are associated with higher levels of adequate iodine nutrition, the percentage, number and ratio 
of children with a urinary iodine concentrations of at least 100 g/l are examined.
a num/N  number of subjects with urinary iodine 100 g/l/total number of subjects in this group.
b PR (95% CI)  prevalence ratio (95% confidence interval).
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 levels between 100 and 199 g/l are indicative of adequate 
iodine intake and optimal iodine nutrition (World Health 
Organization, 2001). In the post-intervention surveys 
55.0% of the children had levels greater than 100 g/l, and 
only 9.4% had levels less than 50 g/l. These levels meet the 
WHO guidelines of 50% or more with levels greater than 
100 g/l and no more than 20% with levels less than 50 g/l  
as an indicator for the elimination of iodine deficiency.

Associations with geographical region, 
socioeconomic status, diet and gender

In the past, regional variations in iodine levels of the 
population have been reported (Clements et al., 1968; 
Gibson, 1995). These were considered to be related to the 
consumption of local vegetables, meat, and milk and the 
variation of iodine in the soils across Tasmania (Clements 

et al., 1968). Since 1960, with the introduction of roll-on 
roll-off ferries, a wide-range of nonendemic foodstuffs has 
been available to the Tasmanian population and diets are 
less influenced by local produce (Gibson, 1995).

The pattern of UIC among rural, semirural and urban 
areas is similar in both the pre- and post-intervention sur-
veys, with the highest median UIC in the rural areas, the 
lowest in the urban areas, and the semirural in between. 
Although the post-intervention UIC for rural areas was sig-
nificantly higher than the semirural and urban areas, there 
is no compelling evidence, either pre- or post-intervention,  
of any gradient in UIC from rural, through semirural to 
urban areas. The reasons for the significantly higher UIC 
in the rural areas post-intervention are not clear. The lack 
of a distinct rural to semirural to urban gradient is rein-
forced by the examination of the 11 regional areas. Among 
regions that would be classified as rural (e.g., West Coast 
and North Central Plains) there are large variations in 
median UIC, and regions that would be classified as urban 
(i.e., Southern and Northern Metropolises) have UIC that 
fall between these rural groups.

It seems that residing in a rural, as opposed to an urban,  
environment has little impact on iodine nutrition in 
Tasmania. This may indicate the diet of the majority of 
the population is not wholly sourced from local produce 
and that nonendemic food consumption is widespread.

The similarity in the pattern of UIC among the 11 geo-
graphic regions pre- and post-intervention warrants some 
discussion. Although differences in UIC between regions 
generally were not statistically significant, those that were 
higher and lower in the pre-intervention survey tended to 
be higher and lower, respectively, in the post-intervention  
surveys. This would seem to indicate that, irrespective of 
any fortification program, there are some underlying dif-
ferences influencing the iodine nutrition of the regions. 
Historically, the Southern River Valleys, particularly, the 
Huon area and the D’Entrecasteaux Channel regions 
(Gibson et al., 1960; Clements et al., 1968) had higher lev-
els of iodine deficiency and the North West Coast region, 
particularly around the town of Burnie (Gibson, 1995), 
had lower levels of iodine deficiency than other regions. 
With the exception of the D’Entrecasteaux Channel, 
which was among the regions with a lower median UIC in 
the post-intervention surveys, this historical pattern is not 
reflected in the current surveys. Possible explanations for 
the current variations in UIC may be regional differences 
in iodine level of local produce consumed, differences in 
the natural levels of iodine in local water supplies (be they 
reticulated or tank supplies) and/or differences in the level 
of iodine in milk sold in each region.

Associations between SES and UIC were not found in 
either the pre- or post-intervention surveys. Some caution 
is needed, however, as some of measures available to us 
were not ideal. The school SES groupings were not spe-
cific to individual children, but rather based on the school 

Table 128.3 Prevalence of adequate urinary iodine concentra-
tion (at least 100 g/l) in 2000–2001 by subjects categorized by 
frequency of consumption of milk drinks and yoghurt

Dietary source
Prevalence %  
(num/N)a

Prevalence ratio,  
PR (95% CI)b

Four types of milk drinksc

 0–19 small glasses per 
 month

14 (4/27) 1.00

 20–39 small glasses per 
 month

42 (14/33) 2.93 (1.09–7.87)

 40–59 small glasses per 
 month

17 (4/23) 1.14 (0.32–4.06)

 60–79 small glasses per 
 month

35 (6/17) 2.14 (0.68–6.73)

 80 small glasses per 
 month

17 (2/12) 1.08 (0.24–5.315)

Trend, p  0.94
Yoghurt or “fruche”
 Not eaten 21 (5/24) 1.00
 1–7 (½ cup) serves per 
 month

19 (6/31) 0.80 (0.26–2.45)

 8–15 (½ cup) serves per 
 month

39 (9/23) 1.84 (0.73–4.67)

 16–23 (½ cup) serves  
 per month

36 (5/14) 1.65 (0.58–4.72)

 24 (½ cup) serves per 
 month

25 (5/20) 1.14 (0.38–3.40)

Trend, p  0.38

Notes: The urinary iodine concentration of Tasmanian 
schoolchildren in the 2000–2001 pre-intervention survey is 
investigated using frequency of consumption of milk drinks and 
yoghurt. To determine whether more frequent intake of these 
iodine-containing foods are associated with higher levels of 
adequate iodine nutrition, the percentage, number and ratio of 
children with a urinary iodine concentrations of at least 100 g/l 
are examined.
a num/N  number of subjects with urinary iodine 100 g/l/total 
number of subjects in this group.
b PR (95% CI)  prevalence ratio (95% confidence interval).
c Four types of milk drinks  flavored milk, milkshakes or 
smoothies, plain milk and thickshakes.
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the child attended. It is possible that the socioeconomic  
indicator of a school may be vastly different to that of the 
child, particularly if the child attends a school which draws 
its enrollment from a wide geographical area. School SES 
classifications are based on a range of information includ-
ing the Australian Bureau of Statistics socioeconomic data 
for the district that the school is located in. While a child 
attending a rural or semirural school is likely to be living 
within the same rural/semirural location as the school, this 
is less likely to be so for urban children. Both public and 
private school enrollments in urban areas consist of chil-
dren from the local suburb and from other suburbs and 
localities which may have a very different socioeconomic 
profile. It is, therefore, possible that the existence of any 
associations with UIC may be masked using the school-
based classifications. Use of child-specific parental-based 
SES measures (i.e., maternal and paternal level of educa-
tion, employment status and occupation) in the 2000–
2001 pre-intervention survey, however, did not reveal any 
associations with SES.

As part of the pre-intervention surveys modifiable 
dietary factors that may account for the mild iodine defi-
ciency in the children were investigated. The consump-
tion of foods that may be dietary sources of iodine intake 
was generally positively associated with adequacy of UIC. 
The strongest effects were for consumption of milk and 
products containing milk (i.e., yoghurt or “fruche” and 
ice cream). Discussions with the manufacturer of “fruche” 
indicate that the source iodine in “fruche” and yoghurt 
is the milk ingredient. Seaweed-based alginates, another 
possible source of iodine, are not used in these prod-
ucts. Furthermore, a number of studies (Cressey, 2003; 
Dunsmore, 1976; Pennington et al., 1995) have shown 
that yoghurt and dairy desserts do not contain signifi-
cantly higher levels of iodine than plain milk. Seaweed-
based alginates found in some ice creams do contribute to 
the iodine concentration, although the milk content is the 
main source of iodine in these products. As mentioned ear-
lier, milk has historically been a major source of iodine for 
the Tasmanian population, and although the use of iodo-
phors has decreased since the mid-1980s, our study indi-
cates that milk products are still a major source of iodine 
nutrition in Tasmania. This is due not only to iodophor 
residues, but also to the iodide concentrating properties of 
mammary gland tissue (Brown-Grant, 1957).

The dietary associations were generally weak, but the 
true associations may have been masked by measurement 
error including that arising from intraindividual variation 
in “spot” measurements of urinary iodine. An individual’s 
iodine concentration varies substantially day-to-day, due 
to the combined effects of circadian patterns of iodine 
excretion (Als et al., 2000), rapid renal clearance of dietary 
iodine following meals and inconsistency in the iodine 
content of food. We were able to average measures for 
children in the pre-intervention surveys who participated 

in both years; this, however, did not resolve the problem. 
Of course, measurement error may also have masked true 
associations with socioeconomic and geographical factors. 
Use of repeated 24-h UIC and thyroid volumes for each 
child may have revealed more robust associations, but this 
was not feasible either practically or financially.

Differences in UIC between the sexes were not found 
in the pre-intervention surveys. For each post-intervention 
year, however, boys had significantly higher median UIC 
than girls. Similar results have been found in other studies 
in Australia (Gibson, 1995; McDonnell et al., 2003) and 
overseas (Hollowell et al., 1998; Wiersinga et al., 2001). 
Wiersinga et al. attributed the sex differences to higher 
consumption of iodine-supplemented bread and milk 
among boys. They were able to demonstrate that one extra 
slice of bread and one-seventh of a liter of milk consumed 
daily fully accounted for the sex difference. While dietary 
data were not collected in our post-intervention surveys, 
analysis of the pre-intervention FFQ revealed no statisti-
cally significant differences in the level of consumption of 
either bread (P  0.53) or milk (P  0.72) between boys 
and girls. But as noted above, we did not see sex differences 
in the UIC in the pre-intervention surveys. Further inves-
tigation is needed to confirm if the sex difference in the 
more recent surveys is due to differences in dietary intake.

The value of the median urinary iodine values found in 
girls in the post-intervention surveys is of concern. While 
the median UI and percentage with levels 100 g/l for 
boys across all four surveys (123 g/l and 61.9%) is within 
the WHO guidelines for adequate nutrition, the levels for 
girls for all years is bordering on deficiency (99 g/l and 
49.2%). The children in these surveys were aged 8–11 
years, and while Tanner staging to assess level of matu-
rity was not performed, the majority would be consid-
ered to be prepubescent. It is known that thyroid volumes 
increase during puberty (Burgi et al., 1999; Wiersinga  
et al., 2001; Fleury et al., 2001), particularly in girls at the 
onset of menarche (Fleury et al., 2001), and that levels of 
circulating thyroid hormones have a sex-dependent profile at 
puberty (Parra et al., 1980). In girls who are iodine deficient, 
regulation of thyroid growth may be affected by insufficient 
iodine intake, resulting in the development of goiter (Fleury 
et al., 2001). It is therefore probable that older children in 
Tasmania, in particular adolescent girls, may, despite the lat-
est fortification program, still be iodine deficient. Historically 
fortification programs have been less successful at improving 
the prevalence of goiter and low UIC in adolescent girls in 
Tasmania compared to other groups (Gibson, 1995).

There is also evidence that at least one other subgroup 
in the Tasmanian population is still iodine deficient, 
despite the fortification of bread. A comparison of UIC 
of pregnant women in Tasmania showed no significant 
improvement in iodine nutrition following fortification 
and that iodine deficiency had persisted in this group 
(Burgess et al., 2007).
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Voluntary fortification of bread in Tasmania has 
improved iodine nutrition to some population groups, 
but not all. While there is no direct evidence that mild 
iodine deficiency is causing severe adverse health effects 
in the Tasmanian population, 24.5% of boys and 20.7% 
of girls in a sample related to the pre-intervention surveys 
were found to have elevated thyroid volumes (Guttikonda 
et al., 2002). In other populations adverse health effects 
have been detected. In apparently normal children aged 
6–16 years residing in areas of iodine deficiency Azizi  
et al. (1995) reported mild-to-moderate growth retardation 
and neurological, auditory and psychomotor impairments 
occurring. In an area of mild iodine deficiency, van den 
Briel et al. (2001) reported, in children aged 7–11 years, 
that those with higher serum thyroglobulin concentrations 
had significantly higher hearing thresholds in the high-fre-
quency range (2000 Hz) than children with lower serum 
thyroglobulin levels. Further investigation of health out-
comes associated with mild iodine deficiency in Tasmania 
appears warranted.

Importance of fortification and monitoring

The story of iodine nutrition in Tasmania brings to light 
two essential issues: the importance of surveillance, and 
the need for sustainable, preferably legislated, means of 
prophylaxis.

Monitoring of both the population and the source 
of iodine nutrition in the population is paramount. The 
history of iodine nutrition in Tasmania shows that areas 
which lack endemic iodine the population are clearly 
at risk of deficiency, even during times of relative afflu-
ence and with an abundant range of dietary choices. The 
re-emergence of iodine deficiency in Tasmania occurred 
despite the long-known and well-recorded nature of the 
problem and previously successful fortification programs. 
As mentioned, the period during which monitoring of 
schoolchildren ceased coincided with a decrease in the level 
of iodine in milk related to changes in industry practices.

The standard method for assessing adequate iodine 
nutrition in a population is measurement of UIC in a rep-
resentative sample of primary school-aged children (World 
Health Organization, 2001). Clearly use of this strategy 
alone has the potential to overlook deficiency in subgroups 
that are not directly assessed, such as adolescents, neonates 
and pregnant women. Fortunately since the introduction of 
the voluntary fortification program the State Government 
Department of Health and Human Services in Tasmania 
has, in addition to the program of monitoring of school-
children, collected urinary iodine data on pregnant women 
and thyroid-stimulating hormone (TSH) levels in neonates 
(Seal, 2002). This has led to the identification of persistent 
deficiency in pregnant women (Burgess et al., 2007).

Reliance on an adventitious source of iodine, be they 
iodophors used in the dairy industry or voluntary use of 

iodized salt in bread, is not sufficient to ensure ongoing 
iodine sufficiency. It is clear from the experience with milk 
in Tasmania that a return to iodine deficiency can occur 
rapidly when industry practices change. While the volun-
tary fortification of bread in Tasmania has lead to improve-
ments in iodine nutrition in Tasmanian schoolchildren, 
the sufficiency of the population remains precarious. The 
sustainability of a voluntary program is not guaranteed and 
any “negative” changes in industry practice could result in 
a swift return to deficiency. Clearly, mandatory fortifica-
tion of the food supply is required to ensure the elimina-
tion of iodine deficiency in the Tasmanian population.

It should be noted that the voluntary program of bread 
fortification in Tasmania was introduced as an interim 
measure only. As a result of the re-emergence of iodine 
deficiency in Australia (Gunton et al., 1999; Li et al., 
2001, McDonnell et al., 2003, Hynes et al., 2004) and in 
New Zealand (Thomson et al., 2001, Skeaff et al., 2002, 
2003) mandatory fortification of bread with iodized salt 
is presently being considered by Food Standards Australia 
New Zealand (FSANZ) (2007).

Commercially produced bread, however, may not be a 
sufficient vector to reach all population groups. A small pro-
portion of the population do not eat bread for medical, cul-
tural, or food preference reasons and some people bake their 
own bread. In our pre-intervention survey of diet we found 
that approximately 3% of the children did not consume 
bread. Furthermore, low urinary iodine levels measured in 
young women in 1969, during the period when bread was 
first fortified in Tasmania, were attributed to low consump-
tion of bread. Should mandatory fortification of bread 
be legislated as a public health strategy, a plan to prevent  
deficiency among nonbread consumers may be warranted.

It is also known that the iodine requirements of preg-
nant and lactating women are higher than the rest of the 
population (World Health Organization, 2001) and it is 
unlikely that the level of iodization in bread alone will be 
sufficient to meet the needs of this population subgroup. 
Evidence from the interim strategy of the Tasmanian 
iodine supplementation program to replace salt in bread 
with iodized salt has not resulted in iodine deficiency 
among pregnant women in Tasmania (Burgess et al., 
2007). For this reason, iodization of all salt used in the 
preparation of commercial food could be expected to pro-
vide better coverage of the whole population.

Mandatory universal salt iodization is the recommended 
global strategy to manage iodine deficiency (World Health 
Organization, 2001). Although public health messages 
in Australia and other developed countries recommend 
reducing salt intake for cardiovascular health, consumption 
of processed food containing added salt is unlikely to cease 
in the foreseeable future. Replacing salt added to processed 
foods with iodized salt would be more likely, than supple-
mentation of one dietary source alone, to result in suffi-
cient supplementation of the majority of the population.
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Mandatory iodine fortification to reach all subgroups, 
coupled with ongoing vigilance and monitoring is needed 
to ensure that iodine deficiency, a readily preventable but 
potentially devastating nutritional disorder, is eliminated 
in the Tasmanian population.

Summary Points

l	 Tasmania	 has	 a	 long	 history	 of	 iodine	 deficiency	
which	 in	 the	past	has	been	overcome	by	a	 series	of	
planned	and	unplanned	supplementation	programs.

l	 Iodine	 deficiency	 re-emerged	 following	 a	 period	
without	regular	monitoring.

l	 The	 re-emergence	 of	 deficiency	 coincided	 with	
a	 decline	 in	 iodine	 levels	 in	 milk	 at	 a	 time	 when	
milk	was	 the	major	dietary	 source	of	 iodine	 for	 the	
population.

l	 Voluntary	 fortification	of	bread	has	 led	 to	 improved	
iodine	nutrition	in	Tasmanian	children,	although	girls	
remain	borderline	deficient.

l	 Reliance	 on	 a	 serendipitous	 and	 nonlegislated	 sup-
ply	of	 iodine,	 as	was	 the	case	with	milk,	 is	danger-
ous	and	can	lead	to	a	rapid	return	to	deficiency	when	
industry	practices	change.

l	 Similarly,	 reliance	 on	 voluntary	 bread	 fortification	
is	 vulnerable	 to	 changes	 in	 industry	 practice	 and	
declining	 participation,	 does	 not	 reach	 all	 popula-
tion	groups,	and	requires	ongoing	resource-intensive	
monitoring	and	vigilance	 to	ensure	continuing	com-
pliance	and	effectiveness.

l	 Mandatory	 fortification,	 preferably	 universal	 salt	
iodization	 (including	 all	 salt	 used	 in	 processed	
foods),	 is	 required	 to	 eliminate	 iodine	 deficiency	 in	
all	groups	in	the	population.

l	 Ongoing	 monitoring	 of	 the	 population	 will	 help	
ensure	that	iodine	nutrition	is	adequate	and	does	not	
return	to	deficiency.
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Abstract

New Zealand has an extremely low iodine environment. 
Hence, goiter was prevalent throughout the country prior 
to the early 1900s; it was first formally identified in mili-
tary recruits and later in schoolchildren in certain parts of 
the country. There was a clear inverse relationship between 
the incidence of goiter in children and the iodine content 
of soil. New Zealand was the second country to iodize salt, 
which was accomplished in two stages in 1924 and 1938, 
and as a result goiter was virtually eliminated. In addition 
to iodized salt and natural forms of iodine in foods, iodine 
was introduced into the diet as contamination through the 
use of iodophors as cleaning agents in the dairy industry. 
Dairy products became a major source of iodine in the 
New Zealand diet from the 1960s, which along with 
iodized salt, provided adequate amounts of iodine until 
the early 1990s. However, during the 1980s the use 
of iodophors was reduced, resulting in a reduction of 
iodine intake from this source, in addition to a reduction 
in the use of iodized salt. Recent research on the iodine 
status of various groups from the early 1990s has identi-
fied the re-emergence of mild iodine deficiency in New 
Zealand. Furthermore, the fall in urinary iodine excretion 
is reflected in clinical measures of thyroid status, includ-
ing enlarged thyroid glands and elevated thyroglobulin. 
Mild-to-moderate iodine deficiency has been identified 
in adults, children, and pregnant and lactating women. 
Urgent measures are needed to improve the iodine status 
of New Zealanders. The mandatory fortification of the 
food supply with iodine in bread will begin in 2009, but 
supplementation for pregnant and lactating women is still 
advisable.

Abbreviations

ICCIDD  International Council for the Control of 
Iodine Deficiency Disorders

MUIC Median urinary iodine concentration

NZTDS New Zealand Total Diet Survey
T3 Triiodothyronine
T4 Thyroxine
Tg Thyroglobulin
TRIP Thyromobile and iodine in pregnancy
TSH Thyroid-stimulating hormone

Introduction

New Zealand has an extremely low iodine environment, 
with soils containing relatively low concentrations of 
iodine, as well as other anionic trace elements, such as 
fluorine and selenium. Soil iodine concentrations, meas-
ured in the 1920s, range from 0.3 to 16.6 ppm (Hercus 
et al., 1925), which predisposes the population to inade-
quate iodine intake and the risk of iodine deficiency. There 
are anecdotal reports that the indigenous people of New 
Zealand, the Maori, had goiter prior to colonization in 
the 1800s, and it was prevalent throughout the country in 
the early 1900s (Hercus et al., 1925) (Figure 129.1). Goiter 
was virtually eliminated as a result of the iodization of 
salt, however, recent research in New Zealand described in 
this chapter indicates that there is a re-emergence of mild 
iodine deficiency due to a fall in dietary iodine intakes 
(Thomson, 2004; Skeaff and Thomson, 2006).

Iodine Intake in New Zealand

The iodine content of plant and animal foods depends on 
the environment in which they grow; hence, the low iodine 
content of New Zealand soils results in low concentrations 
in locally produced foods (Hercus et al., 1925). Prior to 
iodization of salt in the 1930s, Hercus analyzed a selec-
tion of foods (Table 129.1) and estimated daily intake from 
these values; the intake in areas where goiter was endemic 
was around 26 g/day while in “non-goitrous” areas it was 
around 40 g/day (20 and 35 g/day, respectively, if fish was 
not included) (Hercus and Roberts, 1927) (Table 129.2).  
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1252 Other Causes of Hypothyroidism

It is interesting that a comparison of concentrations ana-
lyzed 80 years later for the 2003–2004 New Zealand Total 
Diet Survey (NZTDS) (Vannoort and Thomson, 2005) 
indicates that the iodine content of cereals, fruits, vegetables 
and meat is similar to the previous values (Table 129.1).

Intake from iodized salt

With the discovery of endemic goiter prior to the 1920s, 
table salt was iodized in 1924 at a low level of 5 ppm, 
assuming that if 10 g of salt was consumed each day, 
iodine intakes would increase by 40 g/day (Purves, 1974). 
New Zealand was the second country in the world after 
Switzerland to introduce iodized salt. In 1927, it was esti-
mated that the consumption of salt was closer to 5–6 g/day, 
and that approximately 50% of the iodine in iodized salt 
was lost between production in England or Canada and 
sale in New Zealand (Hercus and Roberts, 1927). In 1938, 
the Department of Health increased the level of iodiza-
tion in salt to the current level of iodine of 40–80 mg/kg. 
However, food manufacturers did not use iodized salt in 
processed foods, despite this option being available to 

them. This situation prevails to date. Furthermore, there 
has been a decrease in the amount of salt used in cook-
ing and at the table, in response to public health measures 
through the Food and Nutrition Guidelines to reduce salt 
intake (Department of Health, 1991). In a survey of blood 
donors in two areas of New Zealand, 93% of subjects used 
iodized salt; however, 48% never had salt at the table and 
30% never used salt in cooking (Thomson et al., 1997). 
Similarly, in a study of 300 schoolchildren from two cities, 
Dunedin (South Island) and Wellington (North Island), 
almost 30% of the children’s caregivers did not use iodized 
salt in cooking and 51% of the children did not use iodized 
salt at the table (Skeaff et al., 2002). This, combined with 
increasing consumption of salt from more ready-to-eat 
and pre-prepared foods containing non-iodized salt, has 
resulted in a reduction of iodine intake from this source.

Intake from dairy foods

In addition to iodized salt and natural forms of iodine in 
foods, there may be alternative sources of iodine, including 

Over 40%

Under 5%

Auckland

New Plymouth

Taranaki

Waikato

Wellington

Westland

Christchurch
Canterbury

Cromwell

Otago
Dunedin

Goitre incidence

Figure 129.1 A map of New Zealand showing the cities and 
districts mentioned in the text, as well as the incidence of goiter in 
the 1920s. Hercus et al., (1925).

Table 129.1 Iodine content (g/kg) of New Zealand foods in 
the 1920s and 2003/2004a

Food 1920s 2003–2004a

Animal foods
 Fish, canned 360 130
 Fresh 50–96 216
 Oysters 880 970
 Meat, bacon 15 11
 Beef 13 7–10
 Mutton/lamb 10 32
 Eggs 94 519
 Dairy, milk 20 86–96
 Cheese 31 63
Cereal foods
 Bread, white 2 3.2
 Bread, brown 12 4.8
 Rice, white 8 3.1
Fruits and vegetables
 Apple 6 2
 Banana 5 1.4
 Orange 2 2.1
 Tomato 8 1.1
 Carrot 10 4.4
 Kumara 3 2.9
 Potato with skin 22 10.9
 Lettuce 17 6.8
 Silverbeet 27 27

Notes: A comparison of iodine content (g/kg) of a selection of 
foods sampled and analyzed in the 1920s (Hercus and Roberts, 
1927) with those analyzed for the NZTDS 2003–2004 (Vannoort 
and Thomson, 2005) showing that iodine content of cereals, 
fruits, vegetables and meat were similar to the previous values. 
The only foods with higher concentrations are cheese and milk as 
a result of iodophor contamination, and eggs as a result of trace 
mineral supplementation of poultry.
aNew Zealand Total Diet Survey 2003–2004; values are mean of 
8 samples.
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iodates in bread, iodophors in the dairy industry and 
iodine-containing food colors (Gibson, 2005). Iodophors 
have been used in the dairy industry in New Zealand since 
1962 for sanitizing milking machines and other equip-
ment (Twomey, 1968). In 1972, the level of iodine in 
milk from farms in New Zealand using iodophors ranged  
from 1 to 75 g/100 ml, compared to 3–11 g/100 ml from 
farms that did not use iodophors (Joerin and Bowering, 
1972). As a result, iodine contamination in dairy products 
has been a major source of iodine in the New Zealand diet 
since the 1960s. The use of iodized salt in cooking and at 
the table, together with the introduction of iodophors by 
the dairy industry, provided sufficient amounts of iodine 
in the diet to significantly improve iodine status until the 
early 1990s (Mann and Aitken, 2003). Surveys during the 
1960s–1980s indicated more than adequate iodine intakes 
of between 200 and 350 g/day as estimated from daily 
urinary iodine excretion (North and Fraser, 1965; Cooper 
et al., 1984; Simpson et al., 1984) (Table 129.2).

Intakes post-1990s

However, during the 1980s iodophors started to be 
replaced in the New Zealand dairy industry by other 
cleaning compounds, such as quaternary ammonium 
compounds, resulting in a decrease in iodine levels in 
milk and other dairy products (Sutcliffe, 1990; Knowles  
et al., 1997). Consequently, over the past two or three dec-
ades there has been a reduction in iodine intakes in New 
Zealand as shown in the decreasing intakes in the NZTDS 
since monitoring began, from 300 g/day for a 19–24-
year-old male in 1982 to 200 g/day in 1987–1988 and 
even further to 85 g/day in the most recent 2003–2004 
survey (Vannoort and Thomson, 2005) (Table 129.2). The 
reduction in intakes reflects not only the decreasing iodine 
in dairy products, but also other dietary changes resulting 

in a reduction in iodized salt intake as outlined above. This 
survey, however, did not include the intake of iodine from 
discretionary use of salt in cooking or at the table.

Despite the reduction in iodine content of dairy prod-
ucts, the contribution of these foods to the total iodine 
intake in the 2003–2004 NZTDS was still high, with 
34% of the intake of a young male and 67% of that of  
a 1–3-year-old child (Vannoort and Thomson, 2005). 
A comparison of concentrations in corresponding foods 
analyzed for the 2003–2004 NZTDS (Vannoort and 
Thomson, 2005) with early values produced by Hercus 
and Roberts (1927), indicates that the only foods that 
show higher concentrations are cheese and milk as a result 
of iodophor contamination, and eggs as a result of trace 
mineral supplementation of poultry feed (Table 129.1).

Iodine intake was not assessed in the 1997 National 
Nutrition Survey because of inadequate food composi-
tion data. However, analysis of three-day duplicate diets 
collected in a 1990 study by 50 Otago residents indi-
cated that intakes ranged from 12 to 812 (median intake, 
108) g/day (Thomson, 2004). These diets included dis-
cretionary salt used in cooking, but may not have included 
salt used at the table.

Iodine Status of the New Zealand 
Population

Pre-1940

Urinary iodine excretion is recommended by the 
International Council for the Control of Iodine Deficiency 
Disorders (ICCIDD) as the best indicator of iodine status 
for a population (ICCIDD et al., 2001). Prior to iodiza-
tion of salt in the late 1930s, extremely low iodine excre-
tions were recorded in parts of New Zealand; e.g., the daily 
urinary excretion of 25 g/day in Cromwell, considered to 

Table 129.2 Iodine intakes in New Zealand

Date Method of estimation Iodine intake (g/day) Reference

1920s Goitrous From typical diet and 
concentrations in foods

26 Hercus and Roberts (1927)

Non-goitrous 40
1960s–1980s Wellington From daily urinary excretion 220 North and Fraser (1965)

Otago 270 Simpson et al., (1984)
Auckland 340 Cooper et al., (1984)

1990s Otago From daily urinary excretion 70 Thomson et al., (1997)
80 Thomson et al., (2001b)

1982 NZTDS From typical diets and 
concentrations in foods

180–300 Vannoort and Thomson 
(2005)

1987–1988 140–200
1990–1991 100–130
1997–1998 70–110
2003–2004 60–100

Notes: NZTDS, New Zealand Total Diet Survey. Iodine intakes (g/day) in New Zealand from the 1920s to 2000s estimated from typical 
diets and concentrations in foods, or from daily urinary excretion assuming that approximately 90% of intake is excreted in urine.
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1989). These results clearly indicate that supplementation 
of lactating women in New Zealand is necessary to ensure 
adequate iodine intake for themselves and their breast-fed 
infants (Mulrine, 2006).

The Etiology of Iodine Deficiency in 
New Zealand

Pre-1940

Before the introduction of iodized salt in New Zealand in 
1924 and 1939, goiter was endemic in many parts of the 
country, due largely to the relatively low levels of iodine 
in New Zealand soils. The first data on distribution of 
endemic goiter came from returns of medical examination 
of military recruits during a period of conscription from 
1916 to 1918 (Hercus et al., 1925). Goiters sufficiently 
marked to render recruits unfit for service were found 
in 1.2% of men examined; of these 63% were from the 
Canterbury district and 19% from the Otago district, both 
provinces in the South Island where soil iodine is excep-
tionally low. In 1920, the incidence of enlarged thyroid 
glands in schoolchildren in Canterbury and Westland was 
approximately 61%, 29% having thyroid glands exhibit-
ing pathological enlargement. The average goiter incidence 
over the whole country was 31%, ranging from 1.5% in 
the east of the North Island to 70% in central areas of 
the North Island. A clear inverse relationship between the 
incidence of goiter in children and the iodine content of 
soil was observed. There were no cases of definite cretin-
ism seen in schools, but medical practitioners reported an 
occasional case. Cases of mental dullness in schoolchildren 
in this area were also noted (Hercus et al., 1925). Iodized 
salt was introduced at a relatively low level and with-
out publicity in 1924 and the level increased in 1939 as 
already described. In 1938, the level of goiter in school-
children was 15.1%, but by 1953 it had fallen to 1.1% 
(Hercus et al., 1925, Purves, 1974).

Post-1940

Surveys of iodine status in 1965, 1982 and 1984 showed 
that most New Zealanders had a more than adequate 
iodine status (North and Fraser, 1965, Simpson et al., 
1984, Cooper et al., 1984). As outlined earlier, recent 
research however provides evidence of a re-emergence 
of mild iodine deficiency due to a fall in dietary iodine 
intakes (Thomson et al., 1997, 2001b, Skeaff et al., 2002). 
These reduced iodine intakes are reflected in lower uri-
nary iodine excretion in New Zealand (Thomson et al., 
1997, 2001a, b; Skeaff et al., 2002; Scragg and Metcalf, 
2001). Clinical measures of thyroid hormone status and 
enlarged thyroid glands (Thomson et al., 2001b; Skeaff  
et al., 2002) are indicative of the fall in iodine status. The 

groups likely to be at particular risk are those restricting 
salt intake, and those whose consumption of dairy prod-
ucts or fish is negligible, especially those following vegan 
diets. The other “at risk” groups are pregnant and lactat-
ing women, and infants, because of the association of sub-
optimal intelligence development with inadequate iodine 
intake (Pharoah et al., 1984).

A decline in the use of table salt in response to pub-
lic health recommendations to decrease sodium, and the 
replacement of iodophors by less expensive, detergent-
based sanitizers in the dairy industry are likely explana-
tions for the re-emergence of iodine deficiency in the New 
Zealand population. At present there is little evidence of 
any associated clinical disease. Nonetheless, it is important 
to continue to monitor the urinary iodine excretion of 
New Zealanders. The mild-to-moderate deficiency in preg-
nant and lactating women is of particular concern in view 
of the importance of adequate iodine status for optimal 
brain and cognitive development of the fetus and lactating 
infant. Hence, it is necessary to introduce measures that 
increase iodine intakes in this country. The folly of fortify-
ing only one food (i.e., table salt), allowing the voluntary 
addition of iodized salt to manufactured food, a nonexist-
ent national nutrition surveillance system together with 
changing dietary patterns, has resulted in the re-emergence 
of iodine deficiency in New Zealand.

Possible Solutions

What is the solution to the problem of the re-emergence 
of iodine deficiency in New Zealand? It would be prudent 
for pregnant and lactating women in New Zealand to con-
sume a supplement containing 150–200 g of iodine each 
day. Recommendations for people to increase their intake 
of foods that are rich sources of iodine, such as fish and 
seafood, are not likely to be effective. Despite being sur-
rounded by the sea, New Zealanders eat relatively small 
amounts of these foods, primarily because they are expen-
sive (Russell et al., 1999). Neither would recommendations 
to increase the intake of iodized salt be wise, given the 
public health awareness of the relationship between high 
sodium intake and hypertension. An education campaign 
aimed at raising awareness about iodine deficiency would 
be beneficial. At present, the public is largely unaware 
that the New Zealand diet contains suboptimal levels of 
iodine. The visit of the Thyromobile to New Zealand in 
2005 generated limited awareness among some pregnant 
women, midwives and a handful of government ministers 
in the capital city of Wellington. A new food standard for 
mandatory fortification of the food supply with iodine has 
recently been legislated (FSANZ, 2006) that has raised 
some awareness of the issue. The revised code will result 
in the replacement of non-iodized salt with iodized salt in 
breads. Changing the current Australia New Zealand Food 
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Standards Code is not a simple process; it requires the 
preparation of three assessment reports and two rounds 
of public consultation by Food Standard Australia New 
Zealand. The Australia and New Zealand Food Regulation 
Ministerial Council is then notified of the final report, 
which they can choose to adopt, amend, reject, or may 
request for a review. Now that the new food standard has 
been accepted, the regulation comes into effect after a set 
transition period (usually 12 months). Mandatory iodine 
fortification will be in place more than 10 years after the 
re-emergence of iodine deficiency in New Zealand was 
identified.

Summary Points

l New Zealand has a history of iodine-deficiency goiter 
as a result of low iodine concentrations in its soils.

l In consequence to iodization of salt in the 1930s, goiter 
was virtually eliminated by 1953.

l The iodine status of New Zealanders was adequate 
from the 1960s to 1980s as a result of iodization of salt 
and contamination of dairy foods with iodine from the 
use of iodophors.

l Research from the early 1990s has identified mild- 
to-moderate iodine deficiency in adults, pregnant 
women and children in New Zealand.

l Low urinary iodine excretion is being reflected in clini-
cal measures of changes in thyroid hormone levels and 
increased thyroid volumes.

l Urgent measures are needed to improve the iodine sta-
tus of New Zealanders and mandatory fortification is 
being considered.
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Abstract

The dietary requirement for iodine in pregnancy increases 
to over 200 g/day. Studies that have directly assessed the 
iodine intake of pregnant women are limited; instead, 
urinary iodine concentrations are relied upon to ascertain 
if dietary iodine intakes are sufficient. In countries with 
well-established iodine fortification programs or diets that 
contain plenty of food sources rich in iodine such as fish, 
most pregnant women living in these areas are likely to 
meet their iodine requirements. When iodine deficiency 
exists, however, some form of intervention will be required 
depending on the severity of the deficiency. In areas of 
mild-to-moderate deficiency, supplementation with 150–
250 g/day of iodine is recommended for all women plan-
ning a pregnancy or who are pregnant. In isolated areas 
with severe iodine deficiency, oral iodized oil has proven 
effective. In all countries, foods that are good dietary 
sources of iodine such as milk and other dairy products, 
eggs, fish, and other seafood are also good sources of other 
nutrients and can be recommended to pregnant women 
if culturally and socially acceptable, and properly cooked. 
Pregnant women should be strongly encouraged to ensure 
that salt used in cooking or at the table is iodized.

Abbreviatons

EAR Estimated average requirement
FFQ Food frequency questionnaire
ICCIDD  International Council for the Control of 

Iodine Deficiency Disorders
MUIC Median urinary iodine concentration
NHANES  National Health and Examination 

Survey
RDA Recommended daily allowance
RDI Recommended dietary intake
RNI Recommended nutrient intake
T4 Thyroxine
UIC Urinary iodine concentration

USI Universal salt iodization
WHO World Health Organization

Dietary Iodine Requirements in 
Pregnancy

During pregnancy, the requirement for iodine increases for 
a number of reasons. Firstly, there is an increased need for 
thyroxine (T4) by the mother. Secondly, transfer of mater-
nal T4 and iodine from the mother to the fetus is critical 
for normal development of the infant. Finally, there may 
be an increase in the renal clearance of iodine during preg-
nancy, although this has yet to be substantiated (Delange, 
2004). There have been no direct studies determining the 
iodine requirements of pregnant women; the additional 
iodine requirement has been approximated by the U.S. 
Food and Nutrition Board to be 50–100 g/day on top 
of the estimated average requirement (EAR) for adults of 
95 g/day (Institute of Medicine, 2001). This increment 
has been based on three types of information: (1) the 
iodine content of the newborn thyroid; (2) iodine balance 
studies; and (3) iodine supplementation studies of pregnant 
women. Delange et al. (1984) determined that the aver-
age iodine content of the newborn thyroid is 50–100 g, 
almost all of which is turned over on a daily basis; thus, 
the Food and Nutrition Board estimated that an aver-
age of 75 g/day of iodine would be taken up by the fetal 
thyroid that needed to be supplied by the maternal diet 
resulting in a pregnancy EAR for iodine of 170 g/day (i.e., 
95  75 g/day). This is similar to the value of 160 g/day 
obtained by Dworkin et al. (1966) in an iodine balance 
study of pregnant women. Two supplementation studies of 
pregnant women living in Italy (Romano et al., 1991) and 
Denmark (Berghout and Wiersinga, 1998) reported that 
a total dietary intake of at least 200 g/day was needed to 
increase urinary iodine concentration (UIC) to 100 g/l 
throughout pregnancy and decrease the number of women 
who developed goiter compared to the women unsupple-
mented with iodine. Table 130.1 provides a summary of the 
recommended daily intake (recommended daily allowance/
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dietary intake/nutrient intake (RDA/RDI/RNI)) of iodine 
in nonpregnant and pregnant women from a variety of 
countries; in most instances, the recommended daily intake 
of iodine is 200–250 g/day during pregnancy.

Assessing Iodine Intakes in Pregnant 
Women

A limitation in this field is the lack of studies that directly 
assess the iodine intake of pregnant women; instead, most 
studies measure iodine excretion. The “gold standard” of die-
tary assessment methodology is the diet record, where all food 
and drink is recorded at the time of consumption (Gibson, 
2005). The number of days of diet recording depends on the 
day-to-day variability of the nutrient in question and the size 
of the group (Basiotis et al., 1987). Given that the concentra-
tion of iodine can be high in less frequently consumed foods 
such as mussels and oysters, it is likely that more number of 
days (i.e., 6 days) will be needed to accurately determine 
group iodine intakes. There is a high respondent burden asso-
ciated with diet recording, particularly when more than 1 or 2 
days are required, and this may reduce compliance in pregnant 
women who find this period of time stressful. Furthermore, 
coding diet records is labor-intensive and, hence, costly.  
A significant difficulty encountered in the determination of 
iodine intakes is that many countries have a food composition 
database that contains incomplete information on the iodine 
content of foods. Because the iodine content of soil directly 
affects the iodine content of foods grown in it, country-spe-
cific food composition databases are necessary to accurately 
determine iodine intakes. Finally, irrespective of the methods 
of dietary assessment, difficulty persists in determining the 
contribution of iodine from the use of iodized salt in cooking 
and at the table.

Alternative methods of dietary assessment, such as food 
frequency questionnaires (FFQs) and 24-h recalls, are less 
burdensome for participants, but are associated with other 
limitations such as difficulty with estimating portion sizes 
and memory bias. If used to determine iodine intakes, 
FFQs should be validated against another method of 
dietary assessment (e.g., diet record) with different limita-
tions to determine their accuracy or long-term measures of 

biochemical status (e.g., thyroglobulin) (Gibson, 2005). A 
number of studies have attempted to develop and validate 
FFQs for the determination of iodine in adults (Rasmussen 
et al., 2001; Leung et al., 2007) and in pregnant women 
(Mouratidou et al., 2006) with limited success. Twenty-
hour recalls are often used in national surveys and require 
large sample sizes, but have limitations similar to FFQs. 
The comparative simplicity and economy of determin-
ing UIC has resulted in a reliance on UIC as an indirect 
method of estimating dietary iodine intake in a popula-
tion. Recently, a World Health Organization (WHO)/
International Council for the Control of Iodine Deficiency 
Disorders (ICCIDD) panel established a pregnancy-
specific cutoff for UIC of 150 g/l that reflects a recom-
mended daily intake 200 g/day (Eastman, 2005).

Direct assessment of the iodine intakes of pregnant 
women would enable researchers to identify foods and food 
groups that are making the greatest contribution to total 
iodine intake, and to track changes in dietary iodine patterns 
over the course of pregnancy. For example, a decrease in 
UIC in the first trimester of pregnancy has been reported by 
Symth (1999) and attributed it to an increased renal clear-
ance in iodine; however, other authors have found no dif-
ferences in UIC between trimesters (Thomson et al., 2001). 
It is possible that a decrease in iodine intake resulting from 
a change in food intake due to first-trimester nausea, rather 
than an increase in renal clearance, may be responsible for 
this observation. Dietary assessment methods such as FFQs 
or the diet history could be used to identify women at risk 
of low iodine intakes, who would benefit from individually 
targeted nutritional advice provided by trained health pro-
fessionals such as dietitians. Furthermore, direct assessment 
of the diets of pregnant women may provide information 
on the intake of foods containing goitrogen (Table 130.2).

Meeting Dietary Iodine Requirements 
in Pregnancy

For the majority of women living in countries with  
adequate iodine status (i.e., median urinary iodine concen-
tration (MUIC) 150 g/l), such as Brazil, Canada, the 
United Kingdom, Japan, and Switzerland (International 
Atomic Energy Commission, 1992), the additional  
increment of iodine during pregnancy is likely to be met, 

Table 130.1 Recommended daily intake of iodine in non-
pregnant and pregnant women from selected countries

Iodine intake in women ( g/day)

Countries Nonpregnant Pregnant

Australia/NZ 150 220
Brazil 130 200
Canada/USA 150 220
China 150 200
European Union 130 130
WHO 150 250
France 150 200
India 150–200 –
UK 140 140

Table 130.2 Factors to be considered when assessing dietary 
iodine intakes in pregnant women

Factors

Iodine content of foods in food composition database
Measure of iodized salt used in cooking
Measure of iodized salt used at the table
Food avoidance or aversions
Food concerns (e.g., listeria)
Nausea and/or vomiting
Goitrogens
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as the total dietary iodine intake of the woman may already 
exceed the RDA before she becomes pregnant. However, 
because the iodine requirement during pregnancy is con-
siderably higher than in nonpregnant women and men, 
countries with adequate iodine status (as determined by 
UIC) may have a significant proportion of the popula-
tion of pregnant women with iodine intakes below the 
requirement. Such a situation exists in the United States 
where at least 30% of women of childbearing age have a 
UIC  100 g/l (Caldwell et al., 2005). In Boston and 
Massachusetts, Pearce et al. (2004) estimate that almost 
half of the pregnant women would not be meeting their 
dietary iodine requirements. Other women living in these 
environments may have suboptimal iodine intakes because 
they do not consume foods that are good sources of iodine 
or have restricted food choices (e.g., lactose intolerance, 
coeliac’s disease). For example, vegetarians (Remer et al., 
1999) do not consume fish, mussels, and oysters, while 
vegans (Lightowler et al., 1996; Waldman et al., 2003) fur-
ther restrict their consumption of dairy products and eggs.

Ideally, pregnant women living in countries with suc-
cessful iodine fortification programs such as universal salt 
iodization (USI) should be able to obtain sufficient iodine 
from their diet. Switzerland is a case in point where iodized 
salt (20 ppm) is used by 95% of households and 70% of 
the salt used by food manufacturers (Zimmermann et al., 
2005). Despite USI, other countries such as Papua New 
Guinea (Temple et al., 2006) and China (Yan et al., 2005) 
report UIC for pregnant women indicative of iodine intakes 
less than the RDA. The wide range in iodine requirements 
between pregnant (and lactating) women and young chil-
dren can make it difficult for iodine fortification programs 
such as USI to provide sufficient iodine for pregnant 
women without exceeding the upper limit for iodine in 
young children. Nonetheless, regular monitoring in women 
of childbearing age in populations with adequate iodine sta-
tus is important to confirm that dietary intakes remain suf-
ficient; Switzerland is a good example of a country that has 
a routine iodine surveillance program involving pregnant 
women (Hess et al., 2001; Zimmermann et al., 2005).

Improving Iodine Intakes in Pregnant 
Women with Supplementation

For women living in countries with inadequate iodine 
status, until an established effective iodine fortification 
 program is in place, other sources of iodine will need to be 
supplied in the diet. The use of iodized oil has proved to 
be a successful strategy to increase iodine intakes in women 
of childbearing age living in remote areas of the world or 
countries with poor infrastructure (Delange, 1996). In 
more economically developed countries, there has been a 
call for women to consume dietary supplements contain-
ing iodine. In their review of the topic, Zimmermann and 
Delange (2004) recommended that pregnant women and 
women planning their pregnancy, living in most European 

countries, should take a dietary supplement containing 
150 g/day of iodine. In 2006, similar advice was reiterated 
by the American Thyroid Association for pregnant and 
lactating women living in the United States and Canada 
(American Thyroid Association, 2006). Consumption of 
iodine-containing supplements has also been promoted in 
Australia (Burgess et al., 2007) and New Zealand (Skeaff, 
2006) (Table 130.3). More recently, WHO recommends 
that an iodine supplement for pregnant women contain 
250gI/day (WHO, UNICEF, 2008)

Good Dietary Sources of Iodine for 
Pregnant Women

Many countries have government departments that under-
take regular national food and nutrition surveys; however, 
with regard to iodine, there are only a few countries that 
have assessed both biochemical and nutritional indices 
of iodine in pregnant women. If pregnant women are not 
included in such surveys, information must be extrapo-
lated from the diets of women of childbearing age. The 
National Health and Examination Survey (NHANES) 
I, III, and 2001–2002 surveys in the United States meas-
ured biochemical indices (e.g., UIC, thyroid hormones) 
in a small cohort of pregnant women (Hollowell et al., 
1998; Caldwell et al., 2005) but not dietary iodine intake, 
although NHANES IV will include dietary iodine. The 
U.S. Total Diet Study (i.e., Market Basket Survey) has 
not included iodine as a nutrient of interest for over 15 
years, but grain products (including bread) made the larg-
est contribution to daily iodine intakes between 1982 
and 1991, followed by dairy products (Pennington and 
Scheen, 1996). In the United Kingdom, the third National 
Diet and Nutrition Survey conducted from 2000 to 2001 
included biochemical and dietary indices of iodine status 
but excluded a sample of pregnant women (Henderson 
et al., 2003). A 7-day weighed diet record was used to 
determine iodine intakes of men and women between  
19 and 64 years of age. For women of childbearing age 

Table 130.3 Strategies to increase iodine intakes in pregnancy 
with associated advantages and disadvantages

Strategy Advantages Disadvantages

Inclusion of  
iodine-rich foods in 
diet

Individual control May not meet 
requirement; 
excessive intakes 
may occur

Inclusion of  
iodized salt in  
foods

Simple; cost-
effective; government 
control; individual 
control

Weak infrastructure; 
resistance by 
manufacturers

Iodine-containing 
supplements

Simple; individual 
control

Availability; 
compliance

Oral iodized oil Proven efficacy;  
1-year duration

Resource-intensive
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(i.e., 19–49 years), the average daily intake of iodine 
ranged from 130 to 162 g/day. The foods that provide 
considerable percentage contributions to total dietary 
iodine intake were milk and milk products (40%), cereals 
(12%), drinks (12%), and fish and fish dishes (8%). The 
first National Nutrition Survey carried out in New Zealand 
in 1997 did not measure iodine status, and dietary data 
collected from participants could not be used for iodine 
because the iodine content of foods was not included in the  
New Zealand food composition database. The 2003–2004 
New Zealand Total Diet Study estimated dietary iodine 
intakes in simulated diets by determining the iodine content 
of 121 foods that represent 70% of the most commonly 
consumed food items in the New Zealand diet (Vannoort 
and Thomson, 2006); like most total diet studies, the 
contribution of iodized salt to the diet was not included 
in the daily estimates. The mean dietary iodine intake for 
New Zealand women aged 25 years was estimated to be 
60 g/day, with the majority of iodine being contributed 
from a combination of dairy products, eggs, mussels, fish, 
and oysters. Dairy products also made the most significant 
contribution to iodine intakes in adults in France (Lamand 
et al., 1994) and Denmark (Rasmussen et al., 2002). In the 
Netherlands, however, where the use of iodized salt in the 
manufacture of breads and pasta products is mandatory, the 
most significant contribution to total dietary iodine comes 
from cereal products (van Dokkum et al., 1989).

Salt Use in Pregnancy

The lack of information on the contribution of iodized 
salt to total iodine intake is a limitation of all dietary stud-
ies. The percentage of daily iodine obtained from iodized 
salt will vary from country to country, depending on the 
level of iodization in salt, salt consumptions patterns, and 
the use of iodized salt in manufactured foods. In the past, 
pregnant women were advised to limit their consumption 
of salt and salty foods in the belief that less sodium would 
decrease the swelling that is often experienced by women 
in the later stages of pregnancy; such advice is no longer 
given. There is some evidence that pregnant women 
have an increased preference for salty foods (Duffy et al., 
1998; Crystal et al., 1999), which may increase iodine 
intakes during pregnancy if these foods contain iodized 
salt. Women should not be encouraged to increase their 
intake of salt during pregnancy; however, pregnant women 
who use salt in cooking or at the table should be strongly 
advised to ensure that the salt is iodized.

Dietary Recommendations for 
Pregnant Women

From this brief overview, it is clear that dietary recom-
mendations to increase iodine intakes in pregnancy need 
to be country- or region-specific. A well-established iodine 

Figure 130.1 Extracts of a New Zealand pamphlet designed to raise awareness of the importance of dietary iodine during pregnancy. 
From Pettigrew (2006) with permission of the author.
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fortification program should meet the iodine requirements 
of pregnant women without any change in their dietary 
habits. Such a strategy is particularly important in the 
first trimester of pregnancy, when many women may be 
unaware that they are pregnant or alter their food intake 
due to nausea. In areas with marginally adequate diets, 
specific recommendations for pregnant women to use 
iodized salt rather than noniodized salt, and to consume 
eggs and seafoods (e.g., fish, seameal, alginates, sushi, oys-
ters, and mussels) may be sufficient to raise iodine intakes 
to meet the requirements. A brochure developed in New 
Zealand for pregnant women outlining different strategies 
to increase iodine intakes is an example of such targeted 
nutritional advice (Figures 130.1 and 130.2). Concerns 
about Listeria monocytogenes, a bacteria found in uncooked 
meat, uncooked vegetables, unpasteurized milk and foods 
made from unpasteurized milk, cooked prechilled sea-
foods, and raw seafoods, may mean that pregnant women 
avoid fish and seafoods, such as oysters, mussels, and 
sushi, which are rich sources of iodine. This was observed 
in a study conducted in New Zealand, where 77% of the 
pregnant women stated that they never consumed seafood 
(Pettigrew, 2006). Finally, women living in countries with 
severe iodine deficiency should be administered with an 
oral dose of iodized oil early in pregnancy (Glinoer, 2006), 
and in countries with mild-to-moderate iodine deficiency, 
women should be encouraged to consume a dietary sup-
plement containing at least 150 g/day of iodine.

Conclusion

A reliance on UIC to assess iodine status, combined with 
the relative ease of increasing iodine intakes with iodized 
salt, has resulted in a lack of information on the iodine 
intakes and food sources of iodine in the diets of pregnant 
women. The reemergence of iodine deficiency in areas 
previously thought to be iodine sufficient should serve 
as a warning that dietary patterns and habits can and do 
change over time. Given the importance of optimal iodine 
nutrition in pregnancy, more studies are needed to investi-
gate the diets of pregnant women worldwide.

Summary Points

l  Pregnant women have increased dietary requirements 
for iodine with most countries recommending 200–
250 g/day of iodine.

l  There are a few studies that directly assess the dietary 
iodine intakes of pregnant women; instead, iodine sta-
tus is assessed by MUIC of a group of women.

l  Women planning a pregnancy and pregnant women 
living in countries with high dietary iodine intakes and 
a MUIC . 150 mg/l, either as a result of consuming a 
diet high in iodine-rich foods or a successful fortifica-
tion program, are likely to be meeting their iodine 
requirement.

l  Women planning a pregnancy and pregnant women 
living in countries with mild-to-moderate iodine defi-
ciency (i.e., MUIC , 150 mg/l) should be encouraged 
to use only iodized salt, eat iodine-rich foods such as 
milk, dairy products, eggs, fish, and seafood, and con-
sider taking an iodine-containing supplement.

l  The use of oral iodized oil has been effective in improv-
ing iodine status in women of childbearing age and 
pregnant women living in remote areas or countries 
with poor infrastructure who suffer from moderate- 
to-severe iodine deficiency.
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Abstract

Mali is a landlocked country in West Africa, and is one of 
the poorest countries in the world. Iodine deficiency disor-
ders (IDD) have been prevalent in several areas of the coun-
try, especially in the southern part. This chapter provides a 
historic overview of the changes in IDD over time, and of 
the various strategies that have been implemented to com-
bat IDD. While the national total goiter rate was estimated 
to be 30% in 1974, a nationwide survey in 2005 found a 
total goiter rate of 8%, with 88% of the households using 
iodized salt. The latest figures indicate that Mali still suffers 
from iodine deficiency, and that efforts must continue in 
order to reach the goal of universal salt iodization.

Abbreviations

IDD Iodine deficiency disorders
UNICEF  United Nations Children’s Fund
WHO World Health Organization
UIC Urinary iodine concentration

Introduction

Mali is located in the Sahel region of West Africa, to the 
southwest of Algeria, north of the Ivory Coast and Guinea, 
west of Burkina Faso and Niger, and east of Senegal. This 
landlocked country is one of the poorest in the world, 
with a per capita gross national income of US $380, and 
an under-5 mortality rate of 218 per 1000 live births in 
2005 (World Bank, 2007). About 80% of the labor force 
is engaged in agriculture and fishing (CIA, 2007). It has a 
large area of approximately 1.24 million square kilometers. 
Flat or rolling sand-capped plains in the north and savannah 
in the south dominate the terrain, rugged hills are found in 
the northeast. The elevation varies from the highest point at 
Hombori Tondo (1155 m) to the lowest on the Senegal river 
(23 m). Iodine deficiency disorders (IDD) have been docu-
mented in numerous studies. This chapter describes the his-
tory of IDD in Mali and its progression over time.

Prevalence of IDD in Mali

The first study of IDD in Mali (French Soudan at the 
time) was conducted by Léon Pales, in 1948 (Pales, 1950). 
Since then, a number of epidemiological studies on IDD 
have been conducted, mainly emphasizing the assessment 
of the prevalence of goiter. As shown in Table 131.1, preva-
lence of goiter varies among the regions of the country and 
over time. In some areas, the prevalence of goiter has been 
very high, especially among females and adolescents (Ag 
Rhaly and Traore, 1990).

The latest national IDD survey was conducted in 2005 
by the Ministry of Health, with support from UNICEF 
(Ntambwe, 2005). It used three-stage cluster sampling, 
with 30 clusters distributed in the four ecological zones 
of the country. The prevalence of goiter was determined 
in 4680 children aged 6–12 years. Mean goiter prevalence 
was 8%, ranging from 3% in the northern region to 16% 
in the region of Ségou. Overall, this indicates a strong 
regression of endemic goiter in Mali. However, there might 
still be some hyperendemic pockets, with levels of goiter as 
high as 80% (Sidibé, 2001; Torheim et al., 2005).

The prevalence of cretinism has been estimated to be 
between 0.4% and 1.2% in high endemic zones (Bellis, 
1991; Bellis et al., 1988b; Traoré, 1990b). Various forms of 
cretins have been observed in Kita (Ag Rhaly and Traore, 
1990). A classic study has shown a correlation of goiter 
and cretinism prevalence: when the prevalence of goiter is 
above 50%, cretinism is present in about 1% of the popu-
lation (Lal et al., 1996).

Most of the studies conducted in Mali have made use of 
similar clinical approaches to classify pathological thyroids 
(endemic goiter, hypo- and hyperthyroidism, endemic cre-
tinism, etc.). Goiter has been assessed by palpation. The 
old goiter classification system used in the surveys by Pales 
in 1948 (Pales, 1950) was later replaced by the WHO clas-
sification proposed by Demaeyer et al. (1979).

Generally, endemic goiter has been shown to affect the 
entire population without sparing people of any age group 
(Hellegouarch, 1968; Konaté, 1991); however, it is often 
more predominant among females (Konaté, 1978; Pales, 
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1950; Togola, 1978). A higher prevalence of goiter has been 
seen before puberty in both sexes (Konaté, 1991, 1978). 
Goiter levels G2 and G3 are more frequent in women com-
pared to men (Chaventré et al., 1986; Delange et al., 2002; 
Diakité, 1979; Konaté, 1991; Pichard et al., 1991; Roux et 
al., 1998; Via Sahel, 2000; Sissoko, 2002), and the preva-
lence of nodules increases with age. The zones south of the 
14th parallel are more prone to be affected by IDD (Pales, 
1950; Soucko, 1981; Chaventré et al., 1986; Thilly and 
Hetzel, 1980).

Etiology

Several studies have clearly shown that the main causal factor 
for endemic goiter in Mali is the lack of iodine (Konaté, 1978; 
Soucko 1981; Soumano, 1976; Togola, 1978; Traoré, 1990b).  
This notion rests on numerous epidemiological surveys and 
on the evaluation of iodine in water and foods. The level of 
iodine in the soil and in water and foods in Mali is too low to 
fulfill the physiological needs of humans and animals (Bellis 
et al., 1988a; Konaté, 1978; Soucko, 1981; Traoré, 1990). 

Intervention studies have shown that the prevalence of goiter 
decreases when iodine is supplemented at appropriate levels 
in endemic zones (Table 131.2) (Pichard et al., 1991).

Level of iodine in soil and foods

The studies conducted in Mali (Table 131.1) indicate that 
the regions south of the 14th parallel of north latitude  
have been hardest hit by endemic goiter (Ag Rhaly and 
Traore, 1990; Pales, 1950). These zones are very old, dating 
to the Precambrian era, whereas the zones in the north have 
a more recent geological structure, dating to the Quaternary 
period. The higher prevalence of IDD in the southern 
region might therefore reflect that the soil has become 
depleted of iodine over the years.

Measurements of iodine levels in water, rock salt, milk 
and other foods have revealed contents of iodine insuffi-
cient to meet the requirements for normal thyroid func-
tion. Table 131.3 shows the iodine levels in food samples 
collected in Bafoulabé (Barikmo et al., 2004). All the 
locally produced foods (maize, groundnut flour, cooked 

Table 131.1 Overview of IDD surveys on goiter prevalence in Mali since 1948

Year Location N Prevalence (%) Source

1948 Bafoulabé 160 6 Pales, 1950
1948 Kayes 10,480 1 Pales, 1950
1948 Bamako 41,135 10 Pales, 1950
1948 Koutiala 60,943 17 Pales, 1950
1948 Nioro 13,844 0.07 Pales, 1950
1948 San 2727 23 Pales, 1950
1948 Ségou 1720 54 Pales, 1950
1948 Tominian 137 31 Pales, 1950
1948 Sikasso 59,279 1 Pales, 1950
1948 Tombouctou 8323 0.04 Pales, 1950
1948 Kita 4634 17 Pales, 1950
1948 Bandiagara 3536 50 Pales, 1950
1968 Sikasso, Mopti 11,572 11; 68 Hellegouarch, 1968
1968 Bandiagara, Banken 2689 30; 95 Hellegouarch, 1968
1976 Néguéla 3543 60 Soumano, 1976
1978 Koulikoro, Kati, Néguéla 1370 62 Togola, 1978
1978 Bamako (hospital) 272 14 Togola, 1978
1979 Gourma 2000 0.05 INRSP, 1983
1980 Sélingue 2953 28 ENMP, 1980
1981 Kéniéba 742 35 ENMP, 1981
1981 Bafoulabé 725 35 ENMP, 1981
1981 Kita 1371 23 ENMP, 1981
1986 Pays Bwa, Sirao 425 80 Bellis, 1991; 

 Bellis et al., 1988a
1990 Pays Bwa, Sirao 578 81 Bellis et al., 1996
1990 Bélébougou 1099 36 (males);  

68 (females)
Fisch et al., 1993; Pichard 
 et al., 1991

1990 Tominian 100,653 64 Traoré, 1990a
1998 Tominian, San, Bamako 401 pupils 17 Traoré, 1990a
2001 Bafoulabé 516 females 80 Sidibé, 2001; Torheim 

 et al., 2005
2001 Bafoulabé 344 males 49 Sidibé, 2001
2001 Bafoulabé 1053 children 66 Sidibé, 2001
2006 National survey on IDD  

 in Mali
4680 children 8 Ntambwe, 2005
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Figure 131.1 Relationship between the use of iodized household 
salt and urinary iodine concentration (UIC) (squared root) (p  0.001, 
t-test). Source: Granli (2001) with permission.
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iodized salt were included (n  249). Difference between 0 and 
1 g fish consumed was significant (p  0.01, t-test). Source:  
Granli (2001) with permission.
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fish, onion leaves and water) contained insignificant lev-
els of iodine. The dried sea-fish, on the other hand, had a 
higher iodine content.

Dietary sources of iodine

Dietary intake in rural Mali is, in general, of limited variation  
(Torheim et al., 2004, 2005). Most of the food is locally 
grown and only a few items are bought, reflecting low 
purchasing power and inaccessibility in large parts of the 
country. Thus, the low iodine content in the soil is directly 
reflected in the iodine status of the people. A study of 
women in Bafoulabé, in the Kayes region, aimed at identi-
fying the dietary sources of iodine (Granli, 2001; Torheim 
et al., 2006). Urinary iodine concentration (UIC) was  
correlated with the intake of food during the previous 
24 h. Significant, positive associations were found between 
UIC and both intake of iodized salt (Figure 131.1) and 
dried fish (Figure 131.2). However, since the intake of dried 

Table 131.2 Changes in goiter prevalence by sex and supplementation status of village

Sirablo (controls) (%) Ntjiba (supplemented) (%) Woloni (supplemented) (%)

Intervention level Men Women Men Women Men Women

Before intervention 39 69 23 71 40 67
After 6 months of  
 intervention

61 78 20 62 25 56

After 12 months  
 of intervention

58 79 16 47 16 45

Note: Supplementation status is according to iodine enrichment of drinking water using silicon diffusers.
Source: Pichard et al., (1991) with permission.

Table 131.3 Iodine content in food samples from 
Bafoulabé, Kayes region

Foods Iodine content (g/100 g)

Maize, white 0.0
Groundnut flour 0.0
Nile perch (cooked) 8.2
African carp (cooked) 5.6
Blue tilapia (cooked) 4.1
Blue tilapia (smoked) 35.2
Madeiran sardinella  
 (dried sea-fish)

78.2

Tiger-fish (dried, small) 21.0
Onion leaves, raw 2.4
Water 0.5
Potassium, solid  
 (from maize)

274.2

Source: Barikmo et al., (2004) with permission.
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fish was very low, it constituted merely a potential source 
of dietary iodine.

Goitrogens

It has been suggested by several authors that goitrogens in 
foods might increase the risk of IDD where iodine intakes 
are marginal (Chaventré et al., 1986; Soucko, 1981; Thilly 
and Hetzel, 1980; Gaitan, 1990). Foods that contain cya-
nogenic glucosides, such as millet, cassava, groundnuts 
and cabbage are frequently consumed in Mali (Torheim  
et al., 2004). Cassava, which is eaten in moderate amounts 
all over Mali, contains thiocyanate (Bellis et al., 1996; 
Soucko, 1981; Thilly and Hetzel, 1980). Limited research 
has been done on the role goitrogens play in the IDD  
situation in Mali, and further studies are needed before 
drawing any conclusion.

Genetic factors

Diarra conducted a study in 1982, examining the role 
of genetic factors in the epidemiology of goiter, based 
on biostatistics (Diarra, 1982). He found no correlation 
between the thyroid status of children and their father. 
However, he found a relationship between the mother’s 
status and that of the newborn (Diarra, 1982). It was also 
established that in the same area, with the same level of 
iodine in water and foods, the prevalence of goiter varied 
largely between different families and villages.

Social–Anthropological Aspects of IDD

Social–anthropological studies on the cultural perceptions 
related to goiter and cretinism were conducted in some 
affected areas of Mali in the 1990s (Bellis, 1991; Bellis  
et al., 1988a; Traoré, 1990b; Kamate, 1990). According to 
these studies, the people’s view on the etiology of goiter was 
related to water and supernatural factors. The treatment 
undertaken was traditional. It was only after its failure that 
the villagers took recourse to modern medicine. The cretins 
were generally rejected by the population. Some cultures  
denied the burial of dead cretins in the village (Bellis, 
1991; Traoré, 1990b).

Most of the studies found the following general beliefs 
of the population toward IDD (Bellis, 1991):

l They thought that goiter was caused by the presence of 
something in the water.

l They seemed to make an association between goiter and 
physical fatigue.

l The population did not see any relationship between 
goiter and cretinism. The reduced intelligence observed in 
cretins was not attributed to iodine deficiency. “It is the 
child of a mother who was promiscuous or responsible  

Table 131.4 Key events in the history of IDD prevention and 
treatment in Mali

1988: Establishment of the Malian National Program against IDD
1988: Pilot test of silicone matrices releasing iodine into boreholes 
supplying water. Fisch et al., (1993)
From 1989: Distribution of iodized oil
1992–1994: Testing of borehole water iodine diffusers on a larger 
scale
1993: A private structure (GIE-ATL) sponsored by UNICEF started 
planning a project of salt iodization
1995: The first Malian salt iodization unit was inaugurated; target 
areas for the supply of iodized salt was Bamako, the capital, and 
its surroundings
February 1995: The government signed an interministerial decree 
on the production, importation and marketing of iodized salt for 
the prevention of IDD Mali
April 1996: Mali participated at the Conference on the Sustainable 
Elimination of Iodine Deficiency Disorders Africa by the Year 2000, 
which was hosted by the Government of Zimbabwe
November 1997: The National Directorate for Public Health in Mali 
organized a workshop to revitalize the IDD program; a national 
communication strategy for the utilization of iodized salt was 
developed
1998 and 1999: Round table conferences were held to develop 
strategies for promoting iodized salt
From 1999: Mali applies national strategies for the utilization of 
iodized salt
2005: A national survey with a representative population sample 
showed a prevalence of goiter of 8%; iodized salt was shown to 
be present in 88% of the households. Ntambwe, (2005)

for reprehensible acts during her pregnancy,” some of 
the informants would say. Others said, “It is nothing 
but justice for having spoilt the reputation of the family 
by violating a prohibition” (Bellis, 1991).

l Whereas cretinism was observed as something very 
negative, goiter was not. “One does not die of goiter,” 
informants would say (Bellis, 1991).

Prevention and Treatment of IDD 
in Mali

The Malian National Program against IDD (Programme 
National de Lutte contre les Troubles Dus à la Carence 
en Iode) was started in 1988. Some of the key events in 
the history of IDD prevention in Mali are presented in 
Table 131.4. The main strategy and aim of the program is 
nationwide salt iodization. Before 1997, the strategy of the 
National Program against IDD was the utilization of oral 
lipiodol in hyperendemic areas. Iodized oil was given by 
injections in 1979 (Diakité, 1979), and orally in 1990 and 
1992 (Konaté, 1991; PNLTDCI, 1989; PNLTDCI, 1990; 
Traoré, 1990b). More than 100000 persons suffering from 
goiter were treated with the oil. However, this approach 
proved too expensive (ICCIDD, 1997a).

Mali was the world’s first country to iodize drinking 
water by slow release (over a year’s duration) of sodium 
iodide from a porous basket of silicon polymer placed at 
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the bottom of a well or borehole. This method was tested 
in 1989 and 1991 (Pichard et al., 1991; Fisch et al., 1993). 
Although the method of iodizing the drinking water 
proved quite effective, it had serious drawbacks, including 
high costs and maintenance (ICCIDD, 1997b).

Except for small quantities of rock salt from Taoudeni 
in the far north of the country, Mali imports salt from 
Senegal. Legislation for salt iodization was passed in 1995, 
and production of iodized salt commenced the same year 
in Bamako. A nationwide demographic and health sur-
vey in 2001 found that 74% of the households were 
using iodized salt (CPS/MS, 2001). The nationwide sur-
vey conducted in 2005 indicated that 88% of the house-
holds used iodized salt (Ntambwe, 2005). Data on urinary 
iodine concentration showed that 27% of them had iodine 
concentrations 50 g/l and 68% had concentrations 
100 g/l, which points toward mild iodine deficiency in 
Mali (Ntambwe, 2005).

In conclusion, much has been achieved through salt 
iodization in Mali. Still, mild iodine deficiency persists at 
the national level, and pockets of severe iodine deficiency 
have been identified.

Summary points

 l Mali, a land-locked country in West-Africa, has faced 
serious problems of IDD.

l The prevalence of goitre has varied over time and 
between areas of the country.

l The main cause of IDD is lack of iodine in the soil and 
thereby in the diet. Goitrogens might play a role, but 
this has not been sufficiently investigated.

l A national program against IDD has been in place 
since1988.

l The main strategy of combating IDD was initially 
treatement with iodised oil in hyperendemic areas. 
Iodization of well water by slow release of sodium iodine 
was tested but found too expensive.

l Legislation for salt iodisation was passed in 1995 with 
universal salt iodisation as the national strategy to com-
bat IDD.

l In 2001, a nationwide survey found that 74% of house-
holds were using iodised salt. Data on urinary iodine 
concentration indicated mild iodine deficiency in Mali. 
Pockets of severe IDD might still prevail in the country.
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Abstract

Iodine deficiency disorders (IDD) continue to be a pub-
lic health problem in India. It is estimated that more than 
200 million people are at risk of IDD. The introduction of 
iodized salt in India has resulted in a significant decline in 
the prevalence of goiter, cretinism and neonatal hypothy-
roidism, underscoring the benefit of the universal salt 
iodization initiative. The problem of residual goiter needs 
more attention, because only a proportion of it can be 
explained by thyroid autoimmunity and identifiable envi-
ronmental goitrogens. The sustained elimination of IDD 
requires constant vigilance over a range of professional and 
public interests. Policy makers and the scientific fraternity 
must come together in order to develop a healthy society 
devoid of IDD.

Abbreviations

AIIMS All India Institute of Medical Sciences
BMI Body mass index
BSA Body surface area
CES Coverage evaluation survey
FT3 Free triiodothyroxine
FT4 Free thyroxine
GOI Government of India
HSES High socioeconomic status
ICCIDD  International Council for Control of 

Iodine Deficiency Disorders
ICMR Indian Council of Medical Research
IDD Iodine deficiency disorders
IEC  Information, education and 

communication
IQ Intelligence quotient
LSES Low socioeconomic stratas

MI Micronutrient Initiative
MT Metric tons
NGCP National Goiter Control Program
NICD  National Institute of Communicable 

Disease
NIDDCP  National Iodine Deficiency Disorders 

Control Program
NIN National Institute of Nutrition
PFA Prevention of Food Adulteration Act
TSH Thyroid-stimulating hormone
UNICEF  United Nations International Children’s 

Emergency Fund
UT Union territory

Introduction

India is a land of contrasts. While agricultural, scientific, 
technological and industrial developments have placed 
India among the top 10 industrialized countries of the 
world, social and distributive justice has largely eluded 
the people, and the ultimate goal of improvement in the 
quality of life remains a dream. Of the numerous prob-
lems facing India’s development, malnutrition is the most 
dominant. Both protein-energy and micronutrient under-
nutrition have profound negative consequences on an 
individual’s health and survival. Iodine deficiency disorders 
(IDD) continue to be a public health concern in India. In 
India, it is estimated that more than 200 million people 
are at risk of IDD. The surveys conducted by central and 
state health directorates, the Indian Council of Medical 
Research (ICMR) and medical institutes have clearly dem-
onstrated that no single state/union territory (UT) is free 
from the problem of IDD. Sample surveys conducted in 
28 states and 7 union territories have revealed that 263 out 
of 324 districts are endemic for IDD.
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The introduction of iodized salt has resulted in a sig-
nificant decline in the prevalence of goiter, cretinism and 
neonatal hypothyroidism, underscoring the benefit of the 
universal salt iodization initiative. The problem of residual 
goiter needs more attention because only a proportion can 
be explained by thyroid autoimmunity and identifiable 
environmental goitrogens. Data are now available on the 
thyroid functional status of school-age children. In the 
absence of detailed pre-iodization information, it is not 
possible to infer whether there has been any change in the 
prevalence of thyroid dysfunction after the introduction of 
iodized salt. Similarly, while the prevalence of autoimmune 
thyroiditis in goitrous schoolchildren has been assessed by 
community-based surveys, the absence of pre-iodization 
data makes it difficult to conclude whether there has been 
any significant change in the prevalence of thyroid autoim-
munity after the introduction of iodine supplementation.

IDD: A Public Health Problem in India

It is estimated that more than 200 million people are at 
risk of IDD in India. The number of persons suffer-
ing from goiter and other IDD is estimated to be above 
71 million. The surveys conducted by central and state 
health directorates, ICMR, and medical institutes have 
clearly demonstrated that 263 out of the 324 districts in 
India (Figure 132.1) are endemic for IDD (Revised Policy 
Guidelines On National Iodine Deficiency Disorders 
Control Programme, 2006).

National Iodine Deficiency Disorders 
Control Program

Realizing the magnitude of the problem, the government 
of India (GOI) launched a centrally assisted National 
Goiter Control Program (NGCP) in 1962, which was 
renamed the National Iodine Deficiency Disorders 
Control Program (NIDDCP) in August 1992 (National 
Iodine Deficiency Disorders Control Programme, 2003). 
The Ministry of Health and Family Welfare is the nodal 
Ministry for policy decisions on NIDDCP. The ban on 
the sale of noniodized salt for human consumption in 
India was implemented in a phased manner in 1956, and 
was made universal in 1986. The ban was lifted in 2000 
and later reinstated in 2006. The timeline of events in 
NIDDCP is shown in Table 132.1.

Progress on Iodized Salt Production 
in India

The annual production of iodized salt was raised from 
500000 metric tons (MT) in 1985–1986 to 4980000 MT 
in 2005–2006. The policy regarding the production of 
iodized salt has been liberalized, permitting its production 
by the private sector; 824 private units have been licensed 
by the salt commissioner, out of which nearly 532 units 
have commenced production so far. These units have an 
annual production capacity of more than 12400000 MT 
(Revised Policy Guidelines on National Iodine Deficiency 
Disorders Control Programme, 2006).

Household Coverage of Iodized Salt 
in India

During 1998–1999, 71% of Indian households had access 
to iodized salt (adequate  inadequate). However, only 49% 

Table 132.1 Timeline of events in National Iodine Deficiency 
Disorders Control Program

1962–1983 National Goiter Control Program
1992 National Iodine Deficiency Disorders Control 

Program
1997 Central ban on production and sale of 

noniodized salt meant for human consumption
1999 Household consumption of adequately iodized 

salt is 49%
2000 Lifting of the central ban on the production 

and sale of noniodized salt meant for human 
consumption

2005 Central ban on the production and sale of 
noniodized salt meant for human consumption 
notified

2005 Household consumption of adequately iodized 
salt is 57%

2006 Central ban on the production and sale of 
noniodized salt meant for human consumption 
reinstated

Figure 132.1 Prevalence of iodine deficiency disorders in India. 
A survey was conducted for all 28 states and 7 union territories: 
263 out of 324 districts were found endemic; 13 million out of 26 
million children born each year are unprotected.
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(Table 132.2) had consumed adequately iodized salt during 
this period (National Family Health Survey-2, 2000).

The consumption of adequately iodized salt was even 
lower, at 35% among people belonging to low socioeco-
nomic stratas (LSES). Table 132.3 depicts the consumption 
of adequately iodized salt according to socioeconomic sta-
tus in India (National Family Health Survey-2, 2000).

In the year 2005, household access to adequately iodized 
salt improved to 57% (Table 132.4). The consumption of 
iodized salt, i.e., adequate  inadequate, also increased to 
83% during this period (Coverage Evaluation Survey, 2005).

Endocrine Aspects of Iodine 
Deficiency and its Control

Data from India clearly illustrate the impact of IDD across 
all age groups and the improvement in these disorders 
with interventions designed to ensure adequate iodine 
nutrition.

Cretinism and other neurological impairments

The earliest and potentially most damaging result of iodine 
deficiency is neonatal hypothyroidism and cretinism. The 
wide prevalence of cretinism in the Himalayan and sub-
Himalayan belt has been shown by several authors, starting 
from the turn of the last century. Studies of iodine metab-
olism in the Himalayan goiter zones of India and Nepal 
(Karmarkar et al., 1974) showed: (a) markedly increased 
avidity of the thyroid to radioiodine; (b) reduced excretion 
of stable iodine in urine; (c) extremely low levels of iodine 
in the drinking water; (d) normal or reduced protein-bound 
iodine in plasma; and (e) low inorganic iodide concentration 
in plasma. These findings are compatible with the hypothesis  
that environmental deficiency of iodine is the primary factor 
responsible for endemic goiter in these areas.

In recent years, 3–5% cretinism prevalence was reported 
in the sub-Himalayan endemic goiter belt of Uttar Pradesh, 

where goiter rates as high as 80% had been observed in the 
school-age population (Kochupillai et al., 1986). In a study 
reported as recently as 1998, Sankar et al. (1998) showed 
the overall prevalence of cretinism in the Himalayan 
state of Sikkim to be 3.46% (3.53% in males; 3.39% in 
females). Neurological cretinism was the predominant 
form (98.7%), with deaf-mutism being the most prevalent 
neurological feature (76.5%). The societal impact can be 
assessed by the fact that 14.1% of the cretins were entirely 
dependent on others and an additional 23% needed sub-
stantial assistance for routine daily activities. Cretinism 
(0.072%) and deaf-mutism (0.27%) was also reported in a 
study involving six districts of India (Toteja et al., 2004). As 
described above, cretinism is one extreme manifestation of 
the neurological impact of iodine deficiency. Poor visuomo-
tor coordination, impairment in language skills, conceptual 
thinking, and poor abstract ability and numerical reasoning 
have also been documented in school-age children, indica-
tive of a less severe form of intellectual impairment (Mehta  
et al., 1987; Sankar et al., 1994). The results of the study on 
“Learning disabilities and poor motivation to achieve due 
to prolonged iodine deficiency” (Tiwari et al., 1996) are 
suggestive of neural impairment, as well as poor sociopsy-
chological stimulation, resulting in learning disabilities and 
lowered achievement motivation. The intelligence quo-
tient (IQ) of school-going children from endemic regions 
has been documented to be significantly lower than that of 
those from a nonendemic region. Perhaps equally important  
was the observation that the school registration rates were 
significantly lower in iodine-deficient endemic regions.

In a follow-up study (personal communication from 
Manju Mehta), the same core group of investigators doc-
umented a significant improvement in the measurable 
parameters of intelligence in school-going children. Table 

132.5 depicts the IQ distribution of school-going children 
in Gonda District as assessed in 1986 and then in 2001. It 
is apparent that while less than 20% of the children fell in 
the range of average intelligence in 1986, as many as 75% 

Table 132.2 Indian scenario: use of iodized salt during 
1998–1999

Iodized salt consumption at household level % Value

Access to iodized salt
 Adequate iodine in salt 49
 Inadequate iodine in salt 22
 Total 71
No access to iodized salt 29

Table 132.3 Consumption of adequately iodized salt according to socioeconomic status in India during 
1998–1999

Low socioeconomic status Medium socioeconomic status High socioeconomic status

Inadequate 65% Inadequate 50% Inadequate 22%
Adequate 35% Adequate 50% Adequate 78%

Table 132.4 Indian scenario: use of iodized salt  
during 2005

Iodized salt consumption at household level % Value

Access to iodized salt
 Adequate iodine in salt 57
 Inadequate iodine in salt 26
 Total 83
No access to iodized salt 17



of children fell in this range by 2001. The improvement 
in IQ encompassed all assessed parameters – informa-
tion, comprehension, arithmetic, digit span and similari-
ties. These data suggest that an improvement in iodine  
nutrition was associated with improved cognitive  
function.

While deaf-mutism is an extreme manifestation of in 
utero exposure to severe iodine deficiency, milder audiomet-
ric defects have also been described. Kochupillai et al. (1986) 
reported a 20% prevalence of sensorineural hearing defect 
using portable audiometry equipment in a severely endemic 
village of Deoria district. This observation is of singular 
importance, because clinical observations have suggested 
that hearing difficulty in rural India is usually due to middle 
ear disease and not consequent to sensorineural hearing loss.

Neonatal hypothyroidism

Extensive work has been performed to assess neonatal  
thyroid functional status in communities in iodine-defi-
cient parts of the country. Kochupillai et al. (1986) showed 
that the incidence of neonatal hypothyroidism varied from 
7.5% to 13.3% in the highly endemic sub-Himalayan dis-
tricts of Gonda, Gorakhpur and Deoria. In comparison, 
the incidence of neonatal hypothyroidism in Delhi was 
0.6%, while coastal Kerala, which was not endemic for 
goiter, had a neonatal hypothyroidism incidence of 0.12%, 
comparable with the congenital hypothyroidism rates of 
0.02–0.05% reported in iodine-sufficient countries.

In the post-salt-iodization phase, the incidence of con-
genital hypothyroidism reported from the districts of 
Deoria and Gonda fell from 13.3% to 1.6% and from 
7.5% to 0.9%, respectively. Two large studies have evalu-
ated the incidence of congenital hypothyroidism from 
nonendemic regions in urban India. Colaco et al. (1984), 
on screening 12407 newborns, reported an incidence of 
1:2481 (0.04%), while a decade later, Desai et al. (1994) 
screened 25244 newborns to report an incidence of 1:2804 
(0.036) children. Hall et al. (1999), studying neonates of 
Indian ethnicity in the UK, documented the incidence of 
congenital hypothyroidism to be approximately 0.2%, 

which was comparable to that reported for the white 
Caucasian population.

Iodine deficiency goiter

Prior to the Universal Salt Iodization Program, large parts 
of India were shown to be endemic for iodine deficiency, 
with areas such as the sub-Himalayan zone reporting goiter 
rates in excess of 80%. In contrast, regions such as coastal 
Kerala, with access to adequate amounts of dietary iodine, 
had a goiter prevalence rate of 2%. The first documenta-
tion of the response to iodized salt was with the Kangra 
valley experiment, an outstanding public health interven-
tion led by Professor Ramalingaswamy. The goiter rate fell 
from 40% to 15–19% within 6 years of the introduction 
of iodized salt and then declined further to 5–8% after 
another 6 years. After the introduction of universal salt 
iodization, the goiter rates in the sub-Himalayan districts 
fell dramatically, from as much as 60–80% to 20–30% 
within the first few years.

While there has been substantive progress with the intro-
duction of iodized salt, there is still a significant prevalence 
of residual goiter in India. Marwaha et al., (2003), evaluating 
schoolchildren 6–18 years of age from several parts of urban 
India, documented a goiter prevalence of 27% in girls and 
18% in boys. Interestingly, the prevalence was significantly 
more in the LSES than in the high socioeconomic strata 
(HSES). Goiter rates in boys ranged from 14.8% in the HSES 
to 23.8% in the LSES, while in girls it varied from 22.4% in 
HSES to 29.8% in those belonging to the LSES. The exist-
ence of pockets of significant residual goiter has also been 
reported by other authors. Chandra et al. (2006) reported a 
goiter prevalence of 35% in Manipur, northeast India, despite 
the fact that more than 80% of the salt samples tested had 
30 ppm iodine and only 3% of samples had 15 ppm 
iodine. Similar findings were reported from the Sunderbans 
region of West Bengal, where the overall goiter rate in school-
age children was 38.2%, despite median urinary iodine of 
225 g/l (range 115–525 g/l), clearly arguing against defi-
cient iodine nutrition as a cause of goitrogenesis. Hence, there 
is a large body of evidence emerging that while iodine nutri-
tion is improving significantly (Kapil, 1998; Marwaha et al., 

Table 132.5 Comparison of intelligence quotient (MISIC) in school-going children from the District of Gonda, Uttar 
Pradesh, India, in 1986 and 2001

IQ distribution expressed as percentage

Year 69 70–79 80–89 90–109 110–119 120

Year 2001 (N  60) – 8.3 16.7 51.7 18.3 5
Year 1986 (N  60) 23.3 33.3 25 16.7 1.7 0

Note: MISIC is Malin’s Scale of Intelligence for Indian school-going children, which is an Indian adaptation of Wechler’s 
Intelligence Scale for Children (WISC).
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2003), significant residual goiter prevalence still persists in 
the country. On the contrary, there are some reports of goiter 
rates reaching nonendemic proportions in areas with iodine  
supplementation. The best example is Kangra district, where 
the initial Kangra valley experiment was undertaken. In a 
study conducted in 1995, the overall goiter prevalence was 
5.7% (range 2.4–9.0%), with a median urinary iodine excre-
tion of 165 g/l (Kapil et al., 1997).

Several reasons have been proposed for this phenom-
enon of residual goiter even after two decades of salt 
iodization. Thyroid autoimmunity and environmental goi-
trogens have been considered to be two important causes 
for the continued presence of goiter in endemic propor-
tions. The possible influence of the introduction of iodine 
on the precipitation or unmasking of thyroid autoimmu-
nity will be discussed below.

There are recommendations that the assessment of 
goiter by physical examination should be replaced by ultra-
sound, since it is a more objective method and also more 
appropriate for use in the post-salt-iodization state as 
the goiter size is likely to be small. Due to a large varia-
tion in body size, it is untenable to use norms generated 
from one population and use them to provide cut-offs for 
another region of the world. The International Council 
for Control of Iodine Deficiency Disorders (ICCIDD) has 
recommended that the norms of thyroid volume, as meas-
ured by ultrasound, should be expressed in the context of 
body surface area (BSA) categories and not age categories. 
Several investigators from different populations have pro-
posed normative data for thyroid volume. Most of these 
studies have been conducted in Europe and vary consid-
erably with regard to age, sample size, sex composition, 
and anthropometric stratification. More recently, in 2004, 
a WHO/Nutrition for Health and Development Iodine 
Deficiency Study group has established norms evaluating 
children aged 6–12 years from six iodine-sufficient coun-
tries (Zimmermann et al., 2004). Relevance of these data 
in the assessment of IDD in populations of developing 
countries needs evaluation. In a recent study (Marwaha  
et al., 2007b), 15986 children, of whom 8463 belonged to 
LSES and 7523 to HSES, underwent ultrasound examina-
tion for thyroid volume assessment. The thyroid volume 
by ultrasound was significantly higher in LSES children 
(mean  5.65 ml; SE  0.02) as compared to HSES 
children (mean  5.02 ml; SE  0.02) after adjusting 
for the imbalance in body mass index (BMI) and BSA 
(p  0.001). Using international norms (WHO, 2004), 
goiter prevalence in various BSA categories ranged from 
48.2% to 75.1% in boys and 23.2% to 67.4% in girls. The 
97th percentile curves of thyroid volume from the WHO 
2004 results fall between the 34th and 77th percentile 
in girls and the 33rd and 49th percentile in boys in this 
study. Further, there was a significant discrepancy in goiter 

prevalence by clinical (19.5%) and ultrasound techniques, 
suggesting that ultrasound-derived WHO recommended 
norms are not appropriate for India.

Thyroid function status

Several studies from different countries have shown a 
change in the thyroid function status after introduction of 
iodine in a previously endemic region. The most common 
change reported has been a decline in thyroid-stimulating 
hormone (TSH). Some nations have reported an increase 
in thyroid dysfunction in the post-salt-iodization phase, 
with subclinical hypothyroidism being the commonest 
abnormality reported. Marwaha et al. (2003) showed that 
goitrous subjects had a higher prevalence of thyroid dys-
function compared with their nongoitrous counterparts. 
The commonest abnormality detected in goitrous children 
was subclinical hypothyroidism (4.3%), while the preva-
lence of overt hypothyroidism, subclinical hyperthyroidism, 
and overt hyperthyroidism was 0.89, 0.98 and 0.13%, 
respectively. In contrast, 2.36% nongoitrous controls had 
subclinical hypothyroidism, while none of the controls had 
overt hypothyroidism or any form of hyperthyroidism.

Subsequently, the same authors have attempted to 
establish the reference range of thyroid hormones in nor-
mal Indian school-age children (Marwaha et al., 2007a). 
More than 9000 schoolchildren were evaluated, and a ref-
erence population of 5122 children was selected by exclud-
ing those with a history of thyroid disease or use of thyroid 
medications, family history of thyroid disease, goiter, posi-
tive antithyroid peroxidase antibody titer, or ultrasound 
evidence of thyroid echogenicity or nodularity. The mean 
serum free triiodothyroxine (FT3) for boys ranged from 
4.19 to 4.84 pM/l, and for girls from 4.03 to 4.47 pM/l;  
mean serum free thyroxine (FT4) for boys ranged 
from 14.69 to 17.36 pM/l, and for girls from 14.32 to 
15.88 pM/l; and mean serum TSH for boys ranged from 
2.57 to 3.6 IU/ml and for girls from 1.83 to 3.58 IU/ml. 
While there was no difference in the FT4 values between 
the reference and excluded population, the mean TSH val-
ues were significantly higher in the excluded population 
[3.08 (2.98–3.17) IU/ml] compared with the reference 
population [2.77 (2.73–2.81) IU/ml]. Another interest-
ing observation reported in this study is that as many as 
10% of the reference population, i.e., those with no factors 
known to be inimical to thyroid function, have subclini-
cal hypothyroidism (i.e., TSH between 5 and 10 IU/ml). 
In another study from the state of Gujarat, Brahmbhatt  
et al. (2000) reported that 6% of the children studied had 
TSH values 5 mIU/l. In the absence of a pre-iodization  
thyroid function assessment in the community, it is not 
possible to infer whether the improvement in iodine nutri-
tion has made any adverse impact on thyroid function.
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Thyroid autoimmunity and iodine 
supplementation

Iodine has been considered as one of the environmental trig-
gers of autoimmune thyroiditis. The introduction of dietary  
iodine in the United States eliminated the problem of 
endemic goiter, but the incidence of autoimmune thyroiditis  
has been shown to increase with the progressive increase 
in dietary iodine (Rose et al., 1999). Other epidemiologi-
cal studies have also suggested that populations undergoing 
transition from an iodine-deficient state to an iodine-replete 
state may be exposed to a higher risk of autoimmune thy-
roid disease. The belief, however, is that this phenomenon 
may be a single generation effect, with autoimmunity rates 
stabilizing once the population enters a state of stable and 
optimal iodine nutrition. The mechanisms proposed for 
iodine-induced autoimmunity include damage by degener-
ation of free radicals and increased immunogenicity of the 
iodinated thyroglobulin.

Before providing data from India, it is relevant to sum-
marize the information from other countries recently 
making the transition from an iodine-deficient to an 
iodine-sufficient state. Studies from Greece, Turkey and 
Iran report an increase in the prevalence of antithyroid 
peroxidase antibodies in the population after iodine sup-
plementation (Zois et al., 2003; Bastemir et al., 2006; 
Heydarian et al., 2007). Interestingly, other studies have 
provided data to the contrary. For example, the introduc-
tion of iodized salt to severely iodine-deficient children did 
not provoke thyroid autoimmunity in a study conducted 
in Morocco (Zimmermann et al., 2003).

The following information from India has mainly been 
obtained from a large study conducted on a nationwide 
basis (Marwaha et al., 2000, 2003). This study involved 
14762 children in the 6–18 year age group, with goiter 
rates of 17.8% in boys and 27.1% in girls. High titers of 
thyroid microsomal antibodies (1:1600) were found in 
6.08% of the goitrous children (7.3% girls; 2.35% boys) 
as opposed to 0.34% in the nongoitrous controls. The 
prevalence of high titers of thyroid microsomal antibodies 
was more in goitrous children (28.3%) with thyroid dys-
function, as compared with euthyroid goitrous children 
(4.4%). Conversely, 29.1% of goitrous subjects with sig-
nificantly elevated thyroid microsomal antibodies showed 
thyroid dysfunction, as compared with only 3.8% thyroid 
microsomal antibody-negative goitrous subjects. There was 
no difference in the prevalence of thyroglobulin antibod-
ies in goitrous subjects and controls, and these antibodies 
were not associated with any thyroid dysfunction.

Additionally, successful fine needle aspiration cytology 
was performed in 1312 goitrous subjects, revealing features 
of lymphocytic thyroiditis or focal thyroiditis in 6.02% of 
them. Similar to thyroid antibody positivity, prevalence 
of cytopathological features of autoimmune thyroiditis 
was significantly higher in goitrous girls (8.2%) than in  

goitrous boys (2.8%). Further, a significantly higher preva-
lence of hypothyroidism (22.8%) was demonstrated in 
goitrous subjects with cytological thyroiditis as compared 
with those with colloid goiter (3.97%). Interestingly, the 
overlap between thyroid peroxidase antibody positivity 
and cytopathological thyroiditis was partial, suggesting 
that if only one of the two modalities had been performed 
to estimate thyroid autoimmunity, a gross underestimation  
of prevalence would have resulted. Using the presence of 
either thyroid antibody positivity or cytological features of 
thyroiditis to diagnose thyroid autoimmunity, the authors 
arrived at a 9.4% goiter-specific prevalence of autoimmune 
thyroid disease in this population. These studies, however, 
did not report any association between thyroid autoimmu-
nity and urinary iodine excretion.

In another study conducted on schoolchildren from 
Delhi, the authors reported that 28.3% of goitrous chil-
dren had autoimmune thyroiditis (Gopalakrishnan et al., 
2006). They also found a small difference in the urinary 
iodine excretion between children with thyroid autoimmu-
nity (166 g/l), as compared to goitrous children without 
thyroid autoimmunity (133 g/l). Similar to the studies 
reported by Marwaha et al. (2000, 2003), these authors 
also showed a high prevalence of hypothyroidism in the 
children with thyroid autoimmunity.

An additional facet of iodine deficiency and its control 
is the spectrum of histopathological findings in thyroidec-
tomy specimens. Some studies from other countries have 
suggested that thyroidectomy specimens from the post- 
iodine-supplementation era show a greater lymphocytic 
infiltrate compared with similar specimens from the pre-
iodization period. No such comparative data is available in 
literature from India. However, a point of clinical interest 
is the presence of nodules in patients with Graves’ disease, 
which normally presents as a diffuse, homogeneous goiter 
in iodine-sufficient countries. In a study based on surgical 
pathology specimens, Mishra and Mishra (2001) reported 
that 27% of patients with Graves’ disease had clinically 
palpable nodules. More importantly, 17% of these nodules 
turned out to be malignant. This has an important bearing 
on the management of a patient with Graves’ disease who 
presents with a nodule in the thyroid gland.

Discussions

The scientific work (Figure 132.2) focusing on the role of 
iodine deficiency in causing brain damage, particularly in the 
developing fetus during pregnancy, was the basis on which 
priority attention was given to the NGCP (later NIDDCP).

It was then shown that the correction of iodine defi-
ciency before pregnancy would prevent or eliminate this 
brain damage. This finding provided the basis for India’s 
program for the elimination of brain damage caused by 
iodine deficiency by the use of adequately iodized salt.
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However, the translation of this knowledge into an effec-
tive elimination program has been particularly hampered 
by lack of communication and coordination between the 
stakeholders (Figure 132.3).

There has been a phenomenal increase in the production  
of iodized salt in the country (4.9 million tons during  
2005–2006). However, the consumption of adequately 
iodized salt remained at 57%. The progress was hampered 
due to the lack of effective implementation of the ban on 
the sale of noniodized salt, lack of adequate awareness and 
finally the lifting of the ban in 2000.

The consumption of adequately iodized salt was 49.3% 
during 1998–1999. As a consequence of the lifting of the 
ban in 2000, the consumption decreased to 30% in 2002. 
Readvocacy by ICCIDD, the Micronutrient Initiative 
(MI), the United Nations International Children’s 
Emergency Fund (UNICEF), All India Institute of Medical 
Sciences (AIIMS) and partners paved the way for the GOI 
to consider reimposition of the ban. The notification was 
brought out in November 2005 and the ban became effec-
tive again from 17 May 2006. During the period of noti-
fication, the reimposition of the ban met with resistance 
from various quarters (the scientific community, opinion 
leaders and traders). Their queries were aptly answered by 
the ICCIDD and its partner agencies, and the situation 
was finally remedied in 2006 when the ban was reinstated.

The endocrine implications of iodine deficiency can be 
largely discussed with regard to the presence of cretinism, 
neonatal hypothyroidism, goiter rates, thyroid dysfunction 

and thyroid autoimmunity. Severely endemic areas have a 
high prevalence of cretinism, other neurological dysfunc-
tions and intellectual impairment. The prevalence of these 
manifestations declines sharply after implementation of an 
iodization program. The same benefits are also observed with 
regard to neonatal hypothyroidism, the prevalence of which 
is significantly higher in iodine-deficient populations than 
those with adequate iodine nutrition. While goiter rates also 
decline with iodine supplementation, several reports suggest 
the persistence of the endemic range of goiter prevalence sev-
eral years after iodine supplementation. The exact cause for 
this has yet to be elucidated although an increase in thyroid 
autoimmunity and the influence of other environmental 
goitrogens remain possible explanations. The precipitation 
of thyroid autoimmunity after an increase in iodine con-
sumption has been reported in animal and human studies. 
Whether this will remain largely an effect observed in the 
first generation making a transition from an iodine-deficient 
to an iodine-sufficient state remains to be seen.

Lessons Learnt from the NIDDCP

Health issues are social, political and economic issues. 
In order to formulate a policy in a democratic environ-
ment, we require: identification of the health problem/
issue; information to knowledge, which should be evi-
dence-based data; and an effective and efficient interven-
tion to eliminate the problem. We also require formal 
and informal networks; most importantly, we need to 
address the values – the core values, beliefs and interests. 
Implementation of a policy based only on one or two fac-
tors will not only achieve less results, but will also lead to a 
retrograde step, as seen in the case study of NIDCP.

Conclusion

India is the second most populous country in the world, 
with a population of 1027 million (2001 Census). There is 
a high prevalence of goiter and cretinism in the Himalayan 
and sub-Himalayan goiter belt from Jammu and Kashmir 
in the west to Arunachal Pradesh in the east and along this 
entire stretch of at least 500 km south of the Himalayas into 
the flat sub-Himalayan terai (plains). In addition to the 
well-known Himalayan endemic belt, iodine deficiency and 
endemic goiter has been reported from many other states 
in the country. No state or UT in India is free from IDD 
as a public health problem. In 1997, the GOI introduced a 
promulgation banning the sale and storage of noniodized salt 
meant for human consumption in the country. However, the 
ban was lifted in the year 2000. During 1998–1999, only 
49% of Indian households had access to adequately iodized 
salt. However, the coverage evaluation survey (CES) con-
ducted in 2005 by the UNICEF showed a slight increase 
in the household consumption of adequately iodized salt to 
57%. While this was encouraging, still a lot needs to be done 

Figure 132.2 The iterative loop: research, policy, program.
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to increase the coverage and sustain the progress achieved 
so far. Unless 90% coverage is achieved, as defined by the 
WHO/UNICEF/ICCIDD criteria, it is not possible to 
eliminate IDD completely. After reinstating the ban in 2006, 
the focus now has to be on effectively implementing the 
ban on the production of noniodized salt meant for human  
consumption, building up on strong information, educa-
tion and communication (IEC) programs, and expand-
ing the stakeholder base to bring in wider collaboration and  
continued engagement (Figure 132.4).

History teaches us that the sustained elimination of 
IDD requires constant vigilance of a range of professional 
and public interests. It is particularly important to under-
stand this as we have met the target of universal salt iodi-
zation by the end of 1995, and many of us may diminish 
our efforts as we reach the first plateau. The long climb 
to eliminate the stealthy scourge of IDD from the globe 
begins with the achievement of USI. We need to continue 
to push the IDD/USI agenda collectively with partners. 
The lessons learned from the more successful countries are:

1. Hold regular national advocacy events to ensure that all 
actors in the field are informed, active, and participating.

2. Hold regular national and subnational monitoring 
activities and report them publicly to demonstrate not 
only progress, but also the problem areas.

3. Maintain constant public information on the problems 
of iodine deficiency and the dangers of lack of iodine.

4. Sustain high-level national political commitment across 
the board.

This is not the time to rest; the efforts should be more vig-
orous now. The problem of IDD is still largely perceived as 
equivalent to “goiter.” People consider it a cosmetic problem 
and hence a low-priority issue. Focus should be more on the 
implications that iodine deficiency has on the IQ of the child 
and the contribution of elimination of IDD to at least six of 
the millennium development goals.

There is a need to strengthen the quality of advocacy, 
monitoring and communication (AMC), and make the 
people and policy makers aware of the serious impact of 
iodine deficiency on the people.

What is now needed is the coming together of policy 
makers and the scientific fraternity – together they can 
start an odyssey into the future, ably supported by our 
partners in the private sector and the iodized salt produc-
ers, toward an India devoid of IDD and a healthy society, 
thus fulfilling the right of every child to attain optimal 
physical and mental development.

The answer to “What needs to be done?” is well-known. 
We must now accelerate and share our efforts to find the 
answer to “How is it to be done?”

Summary Points

l  The policy regarding the production of iodized salt has 
been liberalized. We have an annual production capacity 
of more than 12400000 MT against the current require-
ment of 5000000 MT for the entire country.

l  The annual production of iodized salt was raised  
from 500000 MT in 1985–1986 to 4980000 MT in 
2005–2006.

l  The Salt Commissioner, in consultation with the Ministry 
of Railways, arranges for the transportation of iodized 
salt under category “B,” a priority second to that of  
defense.

l  To ensure usage of iodized salt, a central ban on the pro-
duction of noniodized salt meant for human consump-
tion has been reinstated with effect from May 2006.

l  Standards for production of iodized salt have been laid 
under the Prevention of Food Adulteration Act (PFA).

l  The NIDDCP is included in the 20-point program of 
the prime minister.

l  For effective monitoring and proper implementation of 
the NIDDCP, the states and union territories have been 
advised to establish an IDD control cell in their State 
Health Directorates. Presently, 31 states and UTs have 
established such cells.

l  The Nutrition and IDD Cell of the Directorate Gen-
eral of Health Services, in association with the state-level 

IDD cell conducts IDD surveys in all states and UTs.
l  A national reference laboratory for monitoring IDD has 

been set up at the National Institute of Communicable 
Diseases (NICD), Delhi.

Figure 132.4 Expanded Stakeholder Base: Bharat Scouts 
and Guides; Panchayati Raj institutions; salt groups; consumer 
groups; network; media; agencies; and Department of Woman 
and Child.
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l  Four regional IDD monitoring laboratories have been es-
tablished at the National Institute of Nutrition (NIN) in 
Hyderabad for the south, All India Institute of Hygiene 
and Public Health, in Kolkata for the east and northeast, 
AIIMS, in New Delhi for the west, and NICD, in Delhi 
for the north.

l  Since the NIDDCP encompasses the integrated efforts 
of a large number of disciplines, the focus of program 
activities has now shifted from a solely medical effort to 
multidisciplinary participation.

l  Severely endemic areas have a high prevalence of cretin-
ism, other neurological dysfunctions and intellectual im-
pairment. The prevalence of these manifestations declines 
sharply after implementation of an iodization program.

l  The same benefits are also observed with regard to neo-
natal hypothyroidism, the prevalence of which is sig-
nificantly higher in iodine-deficient populations than in 
those with adequate iodine nutrition.

l  While goiter rates also decline with iodine supplementa-
tion, several reports suggest the persistence of endemic 
prevalence of goiter several years after iodine supplemen-
tation. The exact cause for this has yet to be elucidated 
although an increase in thyroid autoimmunity and the in-
fluence of other environmental goitrogens remain possible 
explanations.
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 Africa   ,  418   ,  463   ,  465   ,  473   ,  725   ,  938   
 AFTN   ,  see   Autonomously functioning 

thyroid nodules (AFTN)   
 Agency for Health Care Policy and 

Research   ,  933   
 AGES (Age, grade, extent, size)   ,  1008   

 AhR   ,  see   Aryl hydrocarbon receptor (AhR)   
 Air, iodine in:  

 aerosol chemistry and particle 
formation   ,  78 – 80   

 atmospheric iodine, sources and 
measurement of   ,  76   

 chemical speciation   ,  143  
 of volatile iodine   ,  143 – 4    

 health and environmental impacts   ,  80   
 photolysis and gas-phase iodine   ,  76 – 8   
 radioactive iodine   ,  80 – 1    

 A k -binding peptides   ,  317   
 ALARA principle   ,  967   
 Albumin   ,  41   ,  49   ,  275   ,  297   ,  356   ,  503   , 

 803   ,  923   ,  984   ,  1116   
 Aldehydes   ,  80   
 Algin   ,  897   ,  898   
 Aliphatic electrophilic substitution   ,  746   
 Aliquot sampling technique   ,  431   
 Alkaline solution   ,  21   ,  174   ,  444   
 Alveolar – interstitial (AI) region   ,  262   
 Alzheimer’s disease, brain iodine 

defi ciency in   ,  663  
 applied techniques   ,  665 – 7   
 bromine   ,  668 – 9   
 chlorine   ,  669 – 70   
 correlation between elements   ,  670 – 2   
 iodine   ,  667 – 8   
 sample preparation   ,  665    

  241 Am   ,  32   ,  445   
 Amaranth leaves   ,  732   
 Amaranth seeds   ,  732   
 American association on mental 

retardation (AAMR)   ,  635   
 American Joint Committee on Cancer 

(AJCC)   ,  1010   ,  1011   
 American Peace Corps Volunteers, in 

Niger   ,  938   
 AMES (age, metastasis, extent, size)   ,  1008   
 Amino acid metabolism miscellaneous 

disorders, specifi ed feeds for   ,  391   , 
 398   

 Amino acid thyroxine   ,  437   
 Amiodarone   ,  51   ,  52   ,  121   ,  702   ,  703 – 4   , 

 856   ,  859   ,  888   ,  923   ,  1035  
 and iodine excess   ,  703 – 4   
 structures of   ,  931   
 thyroid dysfunction   ,  931 – 3    

 Amiodarone-induced hypothyroidism 
(AIH)   ,  888   ,  894  

 comparison of   ,  933    
 Amiodarone-induced thyrotoxicosis 

(AIT)   ,  889   ,  929  
 clinical use in   ,  894    
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 Analytical variation, of iodine excretion   , 
 422   

 Analyzed volume, choice of   ,  33   
 Anamix   ,  387   
 Anaphylaxis   ,  923   
 Anaplastic carcinoma   ,  325   ,  516 – 17   
 Anaplastic thyroid   ,  325   ,  814   ,  1020   
 Anatomical dead space   ,  262   ,  264   ,  266 – 7   , 

 268   
  Ancylostoma duodenale    ,  504  

 life cycle   ,  507    
 Androgen   ,  250   ,  1036   
 Anecdotal evidence   ,  603   ,  1229   
 Angiosarcoma   ,  513   ,  514   ,  517 – 18   
 Animal thyroid   ,  441   ,  443  

  129 I/ 127 I variation ratios   ,  442    
 Animals:  

 inorganic bromides effects   ,  598   
 organic bromides effects   ,  598    

 Anion-exchange chromatography   ,  9   ,  147   
 Anovulation   ,  774   ,  1116   
 ANP   ,  see   Atrial natriuretic peptide (ANP)   
 Anterior pituitary gland   ,  48   
 Anticoincidence counting   ,  see   Compton 

suppression counting   
 Antigen-presenting cells (APC)   ,  316   ,  892   
 Antioxidant and antiproliferative agent, 

iodine as   ,  249  
 for mammary and prostate glands:  

 similarities   ,  250    
 neoplastic glands, iodine in   ,  253 – 5   
 normal tissues, iodine in   ,  250 – 1   
 reproductive factors and cancer risk   , 

 251 – 2    
 Antioxidant enzymes   ,  245   ,  333   ,  489   ,  551   , 

 555   
 Antioxidant response and mutagenesis, in 

thyroid gland:  
 DNA damage   ,  555   
 high somatic mutation rate   ,  555 – 8   
 and iodine defi ciency   ,  549   ,  551 – 2   
 oxidative DNA damage markers   ,  552 – 4   
 spontaneous mutation   ,  554 – 6   
 thyroid hormone metabolism   ,  550 – 1    

 Antioxidative effect, of iodine:  
 theoretical model   ,  343 – 4    

 Antiperoxidase antibody   ,  48   ,  1114   
 Antiproliferative activity   ,  801   ,  802 

   see also   Antioxidant and 
antiproliferative agent, iodine as   

 Antithyroglobulin   ,  48   ,  866   ,  1114   
 Anti-thyroglobulin antibody   ,  883   ,  1015   , 

 1016   ,  1105   ,  1114   
 Antithyroid drugs   ,  65   ,  306   ,  323   ,  327   , 

 789   ,  792   ,  894  
 long-term effi cacy of   ,  950 – 1    

 Antithyroid medications, use of   ,  950  
 antithyroid drugs, long-term effi cacy 

of   ,  950 – 1   
 cancer risks, after drug therapy   ,  951   

 PTU and MMI, complications of   ,  951    
 Antithyroid peroxidase antibodies 

(TPOAb)   ,  48   ,  350   ,  578   ,  607   , 
 609   ,  767   ,  866   ,  1034   ,  1114   ,  1214   , 
 1275   ,  1276   

 Anti-thyroperoxidase antibody   ,  1105   
 Anti-TSH receptor antibody (TSHr)   ,  1105   
 ANVISA   ,  see   Brazilian Health Surveillance 

Agency   
 Apple pie   ,  525   
 Aquatic products   ,  438   
 Arachidonic acid (AA)   ,  244   ,  245   ,  254   , 

 309   ,  310   ,  311   ,  802   
 Area under the curve (AUC)   ,  1079   ,  1081   
 Argentina, iodine status in   ,  1191  

 in Buenos Aires city and metropolitan 
area   ,  1200   

 in Center   ,  1197   
 in Cuyo   ,  1196 – 7   
 in Litoral North   ,  1197 – 8   
 in Litoral South   ,  1198 – 9   
 in Northwest (NOA)   ,  1199 – 200   
 in Pampa H ú meda   ,  1195 – 6   
 in Patagonia Andina   ,  1193 – 5   
 in Patagonia Atl á ntica   ,  1192 – 3    

 Argentine Federation of Endocrine 
Societies (FASEN)   ,  1191   ,  1192   

 Argentine National Law 17259   ,  1192   
 Aromatic electrophilic substitution   ,  746   
 Aromatic nucleophilic substitution   ,  746 – 7   
 Aryl hydrocarbon nuclear translocator 

(ARNT)   ,  296   
 Aryl hydrocarbon receptor (AhR)   ,  296   
  Ascaris braziliense    ,  504   
  Ascaris ceylanicum    ,  504   
  Ascaris lumbricoides    ,  499   ,  504   ,  507   ,  508   , 

 509  
 life cycle   ,  505    

 Astatine   ,  127   ,  741   
 ATF1 protein   ,  223   
 Atherosclerotic plaque imaging   ,  754   
 Atlantic oceans   ,  89   ,  90   ,  121   
 Atmospheric iodine:  

 aerosol chemistry and particle 
formation   ,  78 – 80   

 health and environmental impacts   ,  80   
 origin, transformation, and exchange to 

mammals   ,  75   
 photolysis and gas-phase iodine 

chemistry   ,  76 – 8   
 radioactive iodine:  

 atmospheric sources and 
consequences   ,  80 – 1    

 sources and measurement   ,  76    
 Atomic absorption spectrometry (AAS)   , 

 22   
 Atomic emission spectrometry   ,  4   ,  11 – 12   , 

 140   
 Atrial natriuretic peptide (ANP)   ,  1074   , 

 1079   

 Atrophic thyroiditis   ,  866   ,  1034   ,  1215   , 
 1216   

 Attention defi cit and hyperactivity 
disorders (ADHD)   ,  651  

 in children with GRTH   ,  653 – 4   
 defi nition   ,  652   
 diagnostic criteria   ,  652 – 3   
 and iodine defi ciency:  

 as environmental thyroid disruptor   , 
 654   

 epidemiological and clinical 
characteristics   ,  654 – 5   

 vs. maternal thyroid function   ,  657 – 8   
 phenotype related brain damage   ,  655   
 related minor neurological disorders 

and maternal thyroid function 
during gestation   ,  655   

 results   ,  656 – 7   
 study   ,  656    

 pathogenesis   ,  653   
 suspects of   ,  652   
 and thyroid disruptors   ,  654   
 and thyroid hormones   ,  653    

 Australia   ,  152   ,  441   ,  515   ,  724   ,  929   ,  1130   , 
 1133   ,  1227 – 30   ,  1233 – 48   

 Australian Aid Program (AusAID)   ,  723   , 
 828   

 Australian Centre for Control of Iodine 
Defi ciency Disorders (ACCIDD)   , 
 1229   

 Australian National Iodine Nutrition 
Study   ,  1229 – 30   

 Austria   ,  20   ,  66   ,  114   ,  154   ,  817   ,  819   ,  888   , 
 892   

 Autoantibodies to thyroid peroxidase 
(AbTPO)   ,  357   ,  359   

 Autoimmune disease   ,  575  
 before and after salt iodization, in 

Austria   ,  819 – 20   ,  821   
 defi nition of   ,  758    

 Autoimmune thyroid diseases   ,  357   ,  412   , 
 817   ,  1106   

 Autoimmune thyroiditis   ,  324   ,  418   ,  575   , 
 683   ,  702   ,  718   ,  779   ,  877  

 general features   ,  866   
 and iodine defi ciency complicating 

mother and fetus   ,  see   Pregnancy: 
and hypothyroidism   

 iodine prophylaxis and thyroiditis   ,  866 – 7   
 thyroid cancer and thyroiditis   ,  867 – 8    

 Autonomous nodules   ,  327   ,  872   ,  888   , 
 901   ,  1139   

 Autonomously functioning thyroid 
nodules (AFTN)   ,  555   ,  865   ,  891   

 Average iodine content:  
 of drinking water   ,  129   
 of foods   ,  23   ,  99   ,  335   ,  345   ,  418   ,  1259    

 Balance, of iodine   ,  see   Iodine balance   
 Barium   ,  30   ,  949   
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 Basic-leucine zipper (B-ZIP)   ,  223   
 Basic Safety Standards (BSS) directive   ,  974   
 BAT   ,  see   Brown adipose tissue (BAT)   
 Bax   ,  255   ,  879   
 Bcl XL   ,  255   
 Bcl2   ,  255   
  BCL3    ,  994   
 BDS   ,  see   Bulgarian state standard (BDS)   
 Beans   ,  438   ,  1174   ,  1189   
 Benign thyroid disease   ,  412   ,  418   ,  492  

 prevalence   ,  767   
 treatment   ,  967    

 Betablockers   ,  326   ,  327   ,  894   
 Betadine   ,  924   
 Beta-methyl- p -iodophenyl-pentadecanoic 

acid (BMIPP)   ,  751   
 Between-individual variation, of iodine 

excretion   ,  422   
  “ Big Bone Disease ”    ,  see   Kashin – Beck 

Disease (KBD)   
 Bioavailability and toxicity:  

 of iodine species   ,  147  
   see also   Acute toxicity   ;  Toxicity   

 Biochanin A   ,  356   
 Biogeochemical cycle   ,  75   
 Biological function, of iodine   ,  701   
 Biological half-life measurement:  

 counting effi ciency   ,  187   
 counting protocol   ,  188   
 detector systems   ,  187   
 half-life determination   ,  188 – 90   
 HML’s low-background counting 

chamber   ,  187 – 8   
 retention model   ,  190 – 1   
 uptake determination   ,  190   
 volunteers   ,  187 – 8    

 Biomarkers of iodine intake   ,  17 – 18   
 Biomolecule labeling   ,  750 – 1   
 Black gram   ,  732   
 Blood investigations, for thyroid eye 

disorders   ,  1104   
 Blood pressure (BP)   ,  1058   ,  1059   ,  1074   , 

 1163  
 and cardiovascular risk   ,  1060  
   see also   Hypertension and 

hypothyroidism   
 BMIPP   ,  see   Beta-methyl-p-iodophenyl-

pentadecanoic acid (BMIPP)   
 BNP   ,  see   Brain natriuretic peptide (BNP)   
 Body surface area   ,  1275   
 Bone morphogenetic proteins (BMPs)   ,  862   
 Bovine thyroid   ,  307   ,  441   ,  443   
 BP   ,  see   Blood pressure (BP)   
  82 Br-labeled bromide   ,  589   
 Braf oncogene ( BRAF )   ,  517   
 Brain   ,  488   ,  564  

 development and thyroxine   ,  377 – 8   
 DNA damage in, and thyroid gland 

cells:  
 experimental evidence   ,  644 – 8   

 high fl uoride and low iodine   ,  643   
 test method   ,  644    

 in early gestation   ,  618 – 20   
 imaging   ,  756   
 and iodine defi ciency   ,  599   ,  725   ,  1278  

 animal models   ,  602 – 3   
 endemic cretinism   ,  599 – 600   
 epidemiological studies   ,  600   
 ICCIDD global program for 

elimination   ,  725   
 IDD, global programs for 

elimination   ,  604   
 pathogenesis studies   ,  600 – 2   
 quantitative estimates, of brain 

damage   ,  603 – 4   
   see also   Brain damage   

 Brain damage, in clinical hypothyroidism 
in childhood   ,  1047  

 congenital hypothyroidism (CH)   , 
 1048 – 9   

 endemic cretinism (EC)   ,  1049 – 50   
 juvenile hypothyroidism   ,  1050   
 molecular biology   ,  1053   
 neuroimaging abnormalities   ,  1051 – 3   
 neurological abnormalities   ,  1048 – 51   
 neuropathological abnormalities   ,  1051    

 Brain iodine and halogens control and 
Alzheimer’s diseased patients   ,  see  
 Alzheimer’s disease, brain iodine 
defi ciency in   

 Brain natriuretic peptide (BNP)   ,  1074   , 
 1079   

 Brain perfusion   ,  753   ,  754   
  Brassica    ,  433   ,  434   
  Brassica napus    ,  277   
 Brazilian Health Surveillance Agency 

(ANVISA)   ,  1203   ,  1207   ,  1208   
 Brazilian Nutrition and Food Institute 

(INAN)   ,  1207   
 Bread   ,  452   ,  919   ,  1129   ,  1162   ,  1234   , 

 1235   ,  1247  
 iodine concentration in   ,  346   
 iodine content in   ,  24   
 iodine fortifi cation in   ,  1140    

 Breast cancer   ,  245  
 breast cancer cells, NIS expression 

enhancement in   ,  227 – 8   
 NIS   ,  986  

 gene regulation   ,  224   
 in lactating breast   ,  985 – 7   
 regulatory pathways   ,  221     

 Breast milk   ,  275   ,  277   ,  386   ,  397   ,  398   , 
 484   ,  1255  

 and  131 I   ,  968   
 iodine content   ,  479 – 80   
 smoking and iodine   ,  278 – 9  
   see also   Mother’s milk   ;  Human milk   

 Breast-feeding:  
 after radioiodine therapy   ,  976   
  131 I therapy   ,  967 – 8   

 and pregnancy   ,  718   ,  813    
 Breathing rate (BR)   ,  259   ,  261   ,  263 – 4   
 British nationwide dietary survey   ,  1143   
 British Thyroid Association (BTA)   ,  957   , 

 962   
 Bromate   ,  911   ,  914   
 Bromide   ,  7   ,  8   ,  89   ,  95   ,  100   ,  342   ,  668   ,  669  

 essentiality vs. toxicity   ,  200   
 excretion rate, in sodium intake   ,  593 – 4   
 goitrogenic effects   ,  588 – 9   
 with iodine metabolism   ,  587  

 in thyroid   ,  589    
 iodide uptake, by skin   ,  592   
 metabolism and function   ,  588   
 possible mechanisms   ,  592 – 3   
 resemblance:  

 to chloride   ,  588   
 to iodide   ,  588 – 9    

 thyrotoxic effects   ,  589   
 on whole-body biological half life, of 

iodine   ,  590 – 2    
 Bromide transfer through mother’s milk   , 

 200 – 1  
 high bromide intake in lactating rat 

dams:  
 dietary bromide infl uence   ,  201   
 and iodine metabolism   ,  201 – 2   
 iodine transfer, via mother’s milk   ,  200   
 during lactation period   ,  202 – 3   
 on well-being of suckling   ,  203 – 5     

 Bromine   ,  202   ,  311   ,  587   ,  589   ,  664   , 
 668 – 9   ,  916  

 essentiality vs. toxicity   ,  200    
 Bromism   ,  588   
 Bronchial (BB) region   ,  262   
 Bronchiolar (bb) region   ,  262   
 Bronchiole   ,  262  

 diameter of   ,  263    
 Brown adipose tissue (BAT)   ,  562   
 Brown algae   ,  146   ,  897   ,  898   
 Brown kelp   ,  76   
 Brown seaweed   ,  139   ,  146   ,  899   
 Brucine   ,  19   ,  357   
 Brunet – Lezine scale index   ,  481   
 BSS directive   ,  see   Basic Safety Standards 

(BSS) directive   
 BTA   ,  see   British Thyroid Association (BTA)   
 Bulgaria, iodine nutrition in   ,  see   Iodine 

nutrition, in Bulgaria   
 Bulgarian state standard (BDS)   ,  1174   

 CACDDI   ,  see   Committee for the Control 
of Iodine Defi ciency Disorders 
(CACDDI)   

 Cadmium   ,  20   ,  30   
 Calabria   ,  1179  

 adult population, spectrum of thyroid 
disease in   ,  1180   

 congenital hypothyroidism, screening 
for   ,  1182 – 3   
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Calabria, 1179 (continued )
 description of   ,  1180   
 endemic goiter and iodine supply in   , 

 1180   
 goiter, distribution of:  

 according to sex, age and grade   ,  1181   
 prevalence   ,  1181    

 neonatal TSH and endemic goiter, 
relationship   ,  1183   

 urinary iodine excretion in   ,  1181 – 2    
 Calcitonin   ,  40   ,  44   ,  796   
 Calcium   ,  404   ,  499   ,  521   ,  737   ,  1035   , 

 1042   ,  1130   
 Calcium iodate   ,  246   ,  430   
 Calibration, in XRF measurements   ,  34   
 California Department of Health Services 

(CDHS)   ,  290   
  Callithrix jacchus jacchus    ,  602   
 cAMP   ,  see   Cyclic adenosine 

monophosphate (cAMP)   
 cAMP response element modulator 

(CREM)   ,  223   
 cAMP-responsive element (CRE)   ,  223   
 Canadian International Development 

Agency (CIDA)   ,  728   ,  1124   
 Canadian Nuclear Safety Commission   ,  972   
 Canadian Thyroid Cancer Support 

Group   ,  962   
 Cancer   ,  see   Breast cancer; Liver cancer; 

Thyroid cancer   
 Cancer induction, risks of   ,  969 – 70   
 Cancer risk and reproductive factors   , 

 251 – 2   
 Candidates XI   ,  308 – 9   
 Canned spaghetti in tomato sauce   ,  525   
 Capillary electrophoresis (CE)   ,  4 – 6   ,  142   , 

 290   
 Carbamazepine   ,  49   ,  1035   
 Carcinoembryonic antigen (CEA)   ,  983   
 Carcinogenicity   ,  296   ,  909   ,  915  

 and genotoxicity   ,  916 – 17    
 Cardiorenal model, of heart failure   ,  1074   
 Catalase (CAT)   ,  489   ,  490   ,  491   
 Catalytic spectrophotometric methods   , 

 18 – 19   
 Cathepsin B (CatB)   ,  298   
 Cathodic stripping voltammetry (CSV)   , 

 22   ,  140   ,  149   
 CDHS   ,  see   California Department of 

Health Services (CDHS)   
 cDNA   ,  see   Complementary 

deoxyribonucleic acid (cDNA)   
 CEA   ,  see   Carcinoembryonic antigen 

(CEA)   
 Cellular iodine transport and human NIS 

body distribution   ,  207  
 mammary gland   ,  211   
 NIS expression:  

 methods of detection   ,  208 – 9   
 in stomach and kidney   ,  212    

 placenta   ,  212 – 12   
 salivary and lacrimal glands   ,  212   
 sodium iodide symporter   ,  209 – 10   
 thyroid gland   ,  210 – 11   
 tissues   ,  212 – 13    

 Cellulose   ,  751   ,  898   
 Center region, in Argentina   ,  1191  

 endemic goiter   ,  1197   
 iodine intake   ,  1197    

 Central hypothyroidism   ,  774   ,  1033   , 
 1035   ,  1037   ,  1041   ,  1061 

   see also   Hypothyroidism   
 Central nervous system (CNS)   ,  146   ,  470   , 

 503   ,  588   ,  626   ,  636   ,  714   ,  827   , 
 1010   ,  1068   ,  1106   ,  1108   ,  1149  

 thyroid hormones effects:  
 during fetal and postnatal life   ,  478     

 Central registry, for surgical and medical 
treatment   ,  1166 – 7   

 Central venous catheters   ,  371   ,  372   ,  377  
 and iodinated contrast media   ,  376    

 Centre for Disease Prevention and 
Control (CDC)   ,  828   

  Cercomonas intestinalis    ,  504   
 Cereal, iodine concentration in   ,  962   
 Cerebellar neurogenesis   ,  477   ,  478   
 Cerebellum   ,  562   ,  564   ,  620   ,  1051   
 Cerebral computed tomography (CT) 

scanning   ,  1051   ,  1052   
 Cerebral cortex   ,  471   ,  620   ,  669   ,  681   ,  1051   
 Cerebral hypothyroidism   ,  604 

   see also   Hypothyroidism   
 Ceric ion arsenious method   ,  818   
 Ceric sulfate solution   ,  818   
 Cetyltrimethylammonium chloride   ,  4   ,  5   
 CFTR   ,  see   Cystic fi brosis conductance 

regulator (CFTR)   
 cGPx   ,  489   ,  490   ,  491   ,  686   
 Chapman, Earle M.   ,  944   
 Characteristic X-ray photon   ,  30   ,  31   
 Cheese pizza   ,  524   
 Chemical oxidants   ,  745   
 Chemistry of iodine   ,  802   
 Chen Zupei   ,  828   
 Chernobyl   ,  81   ,  94   ,  109   ,  260   ,  439   ,  948  

 accidents   ,  444   ,  445   ,  446   ,  768   ,  967   , 
 1185   ,  1186   

 catastrophe   ,  812    
 Chicken noodle casserole   ,  525   
 Chicken pot pie   ,  524   
 Childhood hyperthyroidism   ,  943 – 4   
 Children   ,  384   ,  395   ,  396   ,  405   ,  413   ,  500   , 

 652   ,  692   ,  839   ,  966   ,  969   ,  1047   , 
 1131  

 clinical neurological fi ndings of 
hypothyroidism   ,  1048 – 51   

 congenital hypothyroidism   ,  627   
 daily iodine requirements   ,  478   
 dietary iodine intake   ,  349  

 in Norway   ,  350    

 Fe defi ciency   ,  510   
 goiter rate   ,  1176   
 with Graves ’  disease   ,  951 – 2   
 iodine defi cient gestation and 

neurodevelopment, of 3-year-old   , 
 607 – 14   

 of Papua New Guinea   ,  600   
 products iodine fortifi cation   ,  735   
 recommended daily intake   ,  347   
 sensitivity analysis, for 5 – 10-year-old   , 

 266 – 7   
 thyroid hormone levels and actual soy 

isofl avone concentration   ,  357 – 9  
   see also   School-age children   

 China   ,  148   ,  438   ,  441   ,  451   ,  501   ,  581   , 
 600   ,  616   ,  620   ,  637   ,  685   ,  692   , 
 771   ,  828   ,  1135   ,  1261 

   see also   Iodine defi ciency disorders, in 
China   

 China – Australia Technical Cooperation 
Project, on IDD   ,  827   

 China National Salt Industry Corporation 
(CNSIC)   ,  830   

 Chinese hamster ovary (CHO) cells   ,  236   , 
 916   

 Chlorhexidine gluconate   ,  376   
 Chloride   ,  4   ,  83   ,  237   ,  238   ,  588   ,  593   
 Chloride channel 5 ( ClCn5 ) gene   ,  237   
 Chlorinated dibenzo- p -dioxin congeners   , 

 296   
 Chlorine   ,  76   ,  78   ,  201   ,  295   ,  311   ,  588   , 

 663   ,  664   ,  669 – 70   ,  744   ,  1228   
 CHN   ,  see   Community health number 

(CHN)   
 Chocolate milk   ,  525   
 Chocolate milk shake   ,  524   
 Chocolate pudding   ,  525   
 Cholera toxin   ,  224   ,  306   
 Choline (Cho)   ,  625   ,  629  

 and thyroxine therapy   ,  632 – 3    
 Choline acetyltransferase   ,  671   ,  1088   
 Chromatographic methods   ,  22 – 3   ,  753   
 Chronic autoimmune thyroiditis   ,  324 

   see also   Autoimmune thyroiditis   
 Chronic excessive iodine supplementation, 

on thyroid tissue   ,  877  
 decreased ability of antioxidation   , 

 879 – 80   
 and fl uorine supplementation:  

 on morphology and function of 
thyroid follicular epithelial cells   , 
 880    

 impact on structure and function of 
thyroid tissue   ,  877 – 9   

 and apoptosis of thyroid follicular 
epithelial cells   ,  879   

 and 5 � -deiodinase in thyroid and 
peripheral tissues   ,  880   

 inhibited uptake and organization of 
iodine   ,  879   
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 iodine limitation, effect of   ,  880   
 from NOD.H-2 h4  mice  

 at defi cient iodine baseline   ,  884 – 5   
 at normal iodine baseline   ,  882 – 4    

 from Wistar rats at defi cient iodine 
baseline   ,  881 – 2  

   see also   Iodine supplementation   
 Chronic high doses of iodine exposure:  

 pregnancy outcome   ,  857   
 skeletal variations   ,  857    

 Chronic iodine excess   ,  52   ,  701   ,  883   
 Chronic toxicity   ,  913   ,  915 – 16   
 CIDA   ,  see   Canadian International 

Development Agency (CIDA)   
 Citrate-bicarbonate-dithionite (CBD) 

extraction   ,  100   
 Clover disease   ,  355   
 CLUMP program   ,  638   
 CNS   ,  see   Central nervous system (CNS)   
 CNSIC   ,  see   China National Salt Industry 

Corporation (CNSIC)   
  60 Co   ,  186   
 Cod/haddock   ,  524   
  Codium fragile    ,  898   ,  899   ,  900   
 Coindet   ,  771   ,  887   
 Cold spots   ,  326   
 Collapsing response mediator proteins 

(CRMP)   ,  300   
 Colon and medullary thyroid cancer   ,  983   
 Colorimetric methods   ,  289   
 Commercially available products, of 

iodine   ,  734 – 6   
 Committee for the Control of Iodine 

Defi ciency Disorders (CACDDI)   , 
 1191   ,  1192   ,  1200   

 Community health number (CHN)   ,  66   
 Compartmentalized deposition fraction   , 

 265   
 Complementary deoxyribonucleic acid 

(cDNA)   ,  216   ,  979   ,  984   
 Compounds of iodine, nomenclature and 

biology of   ,  910   
 Compton scattering process   ,  31   ,  32   
 Compton suppression counting (CSC)   ,  20   
 Computed tomography (CT) scanning   , 

 326   ,  1051   ,  1052   ,  1104  
 contrast for   ,  963    

 Computer systems, for monitoring effects 
of iodine/thyroid status   ,  65  

 hospital records   ,  66   
 record linkage, example of   ,  66 – 7   
 register database, example of   ,  67 – 70   
 TSH screening in neonates   ,  66    

 Concentration of iodine and dietary 
iodine intake, in contaminated 
areas   ,  1187 – 9   

 Concentration ratio [I]/[Br], in thyroid   , 
 589 – 90   

 Congenital hypothyroidism   ,  207   ,  377   , 
 539   ,  627   ,  713   ,  1027  

 and adolescents   ,  1029 – 30   
 clinical features   ,  616   
 screening for   ,  1172   
 screening in Calabria   ,  1182 – 3   
 TPO defi ciency   ,  543 – 5  
   see also   Hypothyroidism   

 Congo   ,  279   
 Contaminated and non-contaminated 

areas, comparison of intakes 
between   ,  1189   

 Continuing Survey of Food Intake by 
Individuals (CSFII)   ,  522   

 Contrast media and thyroid dysfunction   , 
 930 – 1   

 Controlled chronic safety data   ,  801   
 Convenience foods   ,  736   
 Conversion electrons   ,  742   
 Cooperative Thyrotoxicosis Therapy 

Follow-up Study   ,  949   
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 type 1 (D1)   ,  48   ,  299   ,  687   ,  860   ,  1053   , 
 1062   ,  1075   
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 Dioxin-like PCB   ,  296   ,  298   
 Dioxin receptor   ,  296   
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 Dual oxydases (DUOXes)   ,  304   ,  311   
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 of milk   ,  162 – 3    

 iodine supplementation, requirements/
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 FASEN   ,  see   Argentine Federation of 

Endocrine Societies   
 FasL   ,  883   ,  884   
 Fatigue resistance   ,  1097 – 8   
 Fatty acids   ,  751   
 FDA   ,  see   Food and Drug Administration 

(FDA)   
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 Gadolinium   ,  889   
 Gamma ray spectrometric analysis   ,  176 – 7   
 Gas chromatography (GC)   ,  9 – 10   
 Gas chromatography – mass spectrometry 
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 GCI   ,  see   General cognitive index (GCI)   
 GD   ,  see   Graves ’  disease (GD)   
 Gel-permeation chromatography   ,  751   
 General cognitive index (GCI)   ,  612   
 Generalized resistance to thyroid hormone 

(GRTH):  
 in children with attention defi cit and 

hyperactivity disorders syndrome   , 
 653 – 4    

  “ Generally recognized as safe ”  (GRAS)   , 
 912   

 Genes, affected by thyroid hormone   ,  471   
 Genetic manipulation, of cardiovascular 

TR   ,  1082 – 3   
 Genistein   ,  354   ,  355   ,  356   ,  358   
 Genotoxicity   ,  914 – 15  

 and carcinogenicity   ,  916 – 17    
 Geochemical cycling of iodine, in soil:  

 affecting factors   ,  102 – 3   
 materials and methods   ,  95  

 analyses   ,  95 – 7   
 column transport studies   ,  95   
 solid samples, extraction from   ,  95    

 results and discussion   ,  97 – 103    
 Germany   ,  450   ,  526   ,  534   ,  888   ,  889   ,  1142  

 current iodine population status   ,  414    
 Gestation day (GD)   ,  860   
 Gestational hypertension   ,  1116   
 Gestational hypothyroidism   ,  608 

   see also   Hypothyroidism   
 Gestational hypothyroxinemia, in 

pregnancy   ,  675  

 current opinions   ,  682 – 3   
 importance   ,  680 – 2   
 iodine defi ciency-related gestational 

hypothyroxinemia   ,  676 – 9    
  Giardia intestinalis    ,  504   
  Giardia lamblia    ,  501   ,  504   
  Giardia muris    ,  136   
 Glacial periods   ,  128   
 Glaucoma   ,  1108 – 9   
 Gliogenesis   ,  478   
 Glioma   ,  982   
 Glucosinolates   ,  157 – 61   ,  277   
  Glucuronidation    ,  299 – 300   
 Glutamate   ,  629   
 Glutamine   ,  629   
 Glutaric aciduria type I   ,  390   ,  397   
 Glutaryl-CoA dehydrogenase   ,  397   
 Glutathion peroxidase (GPx)   ,  488   
 Glutathione (GSH)   ,  914   ,  916   
 Glutathione peroxidase (GSH-PX)   ,  343   , 

 344   ,  552   ,  686   ,  687 – 8   ,  879   
 Glycerophosphocholine   ,  629   
 Glycine   ,  629   
 Goiter   ,  533   ,  1170  

 after seaweed consumption   ,  901 – 4   
 determination   ,  818   
 prevalence of   ,  412   ,  1181   
 treatment and prevention:  

 by drinking iodine-containing 
mineral waters   ,  341     

 Goiter, in elderly   ,  323  
 clinical evaluation   ,  324 – 6   
 treatment:  

 diffuse goiters management   ,  326 – 7   
 thyroid nodules and multinodular 

goiter, management of   ,  327 – 8    
 types and causes of   ,  323 – 4    

  “ Goiter Belt ”    ,  1221   
 Goiter endemics   ,  see   Endemic goiter   
 Goiter prevalence rate   ,  1274 – 5   
 Goiter rate:  

 among children, schoolchildren and 
pregnant women   ,  1176   

 prevalence   ,  848    
 Goitrin   ,  161   ,  434   
 Goitrogens   ,  413   ,  1268  

 high intake of   ,  433 – 4    
 Gold   ,  30   
 Gold standard   ,  376   ,  836   ,  1260   
 Gonadal dysfunction and  131 I therapy   , 

 1014 – 15   
  Gracilaria verrucosa    ,  147   ,  899   
 Grain, iodine concentration in   ,  438   ,  962   
 Graves – Basedow’s disease   ,  872   
 Graves ’  disease (GD)   ,  324   ,  326   ,  327   , 

 790 – 1   ,  818   ,  849 – 50   ,  892   ,  1213   , 
 1214   ,  1217  

 treatment for children   ,  951 – 2    
 Gravimetric methods   ,  289   
 Green algae 897   ,  888   
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 Growing animals, iodine defi ciency in   , 
 154 – 5   

 Growth retardation   ,  616   ,  690   
 GRTH   ,  see   Generalized resistance to 

thyroid hormone (GRTH)   
 GSH   ,  see   Glutathione (GSH)   

  H2 k   strains   ,  316   
 HAb   ,  see   Heterophile antibody (HAb)   
 Haber – Weiss and Fenton reaction   ,  551   
 hAIT   ,  see   Human apical iodide transporter 

(hAIT)   
 Half-life of iodine in human body   ,  see  

 Retention of iodine in human body   
 Halogenated (polychlorinated) aromatic 

hydrocarbons (PHAHs)   ,  295  
 molecular structure   ,  296    

 Hangman’s refl ex   ,  710   
 Hardy – Weinberg equilibrium (HWE)   ,  638   
 Harrington, Sir Charles   ,  249   
 Hashimoto’s disease   ,  820  

 following seaweed consumption   ,  901 – 4    
 Hashimoto’s thyroiditis   ,  59   ,  315   ,  327 – 8   , 

 342 – 3   ,  518   ,  757 – 60   ,  761   ,  865   , 
 866   ,  889   ,  1216   

 hCG   ,  see   Human chorionic gonadotropin 
(hCG)   

 Health-promoting practices   ,  815   
 Healthcare service delivery in IDD 

elimination, in China   ,  see   Iodine 
defi ciency disorders, in China   

 Healthy individuals:  
 iodine excretion variations in   ,  421   , 

 422 – 4  
 components   ,  421 – 2   
 iodine nutrition studies   ,  424 – 7     

 Heart failure (HF)   ,  1074  
 progression, interpretative model of   , 

 1074 – 5   
 synthetic thyroid hormone, treatment 

with   ,  1081 – 3   
 thyroid hormone action   ,  1075 – 6  

 clinical evidence   ,  1077 – 81   
 experimental evidence   ,  1076 – 7     

 Hemoglobin (Hb)   ,  502   
 Hereditary tyrosinaemia   ,  394 – 5   
 Heterophile antibody (HAb)   ,  1015   ,  1016   
 HF   ,  see   Heart failure (HF)   
 High-performance liquid chromatography 

(HPLC)   ,  9   ,  22   ,  95   ,  283   ,  751   
 High-purity germanium (HPGe) detector   , 

 19   ,  32   ,  444   
 Higher iodine intake and diseases   ,  451 – 2   
 Hippocampus   ,  620   
 Histamine   ,  218   ,  919   ,  920   ,  922   
 Histone deacetylase inhibitors   ,  227   
 HIV   ,  see   Human immunodefi ciency virus 

(HIV)   
 HML   ,  see   Human monitoring laboratory 

(HML)   

 hNIS   ,  see   Human sodium iodide 
symporter (hNIS)   

 Hog thyroid   ,  443   
 Homemade lasagna   ,  525   
 Homeobox-containing genes (Hox genes)   , 

 861   
 Homocystinuria   ,  398  

 specifi ed feeds for   ,  391   ,  398    
 Hormone replacement therapy   ,  187   ,  252  

 and soy isofl avones   ,  354    
 Hormone signaling and soy isofl avones   , 

 356 – 7   
 Hospital records, for iodine/thyroid status 

monitoring   ,  66   
 Hot nodules   ,  see   Autonomous nodules   
 Hot spots   ,  326   
 Household level, consumers at   ,  367 – 8   
 Hoxc8   ,  862   
 HPGe detector   ,  see   High-purity 

germanium (HPGe) detector   
 HPLC   ,  see   High-performance liquid 

chromatography (HPLC)   
 hTg2079   ,  316   
 hTPO   ,  541   
 Human and rat NIS gene, structure of   , 

 222 – 3   
 Human apical iodide transporter (hAIT)   , 

 237   
 Human cell lines, antiproliferative effect 

of I 2  in   ,  254   
 Human chorionic gonadotropin (hCG)   , 

 227   ,  404   ,  676   
 Human epidermal growth factor receptor 

2 (HER2/neu)   ,  224   
 Human health and soy isofl avones   ,  354   
 Human immunodefi ciency virus (HIV)   , 

 1020   
 Human iodine metabolism, mathematical 

models of:  
 human total body iodine 

determination   ,  197   
 intrathyroidal gland   ,  193 – 4   
 iodine kinetics   ,  195 – 6   
 peripheral thyroid hormone 

distribution model   ,  194  
 peripheral tissue metabolism, rates 

of   ,  194 – 5    
 Riggs model   ,  193   
 usefulness   ,  196 – 7    

 Human milk:  
 iodine content   ,  479   
 speciation analysis of iodine   ,  146  
   see also   Mother’s milk   ;  Breast milk   

 Human monitoring laboratory (HML)   , 
 185   

 Human sodium iodide symporter (hNIS)   , 
 209   ,  980   ,  1020  

 body distribution of   ,  see   Cellular iodine 
transport and human NIS body 
distribution    

 Human thyroid   ,  443  
  129 I/ 127 I variation ratios   ,  442    

 Human toxicity experience   ,  912 – 13   
  “ Humanized ”  DR3-transgenic mice   ,  

320   
 Hungary, iodine intake in   ,  450   
 HWE   ,  see   Hardy – Weinberg equilibrium 

(HWE)   
 Hydriodic acid   ,  743   
 Hydrogen, physico-chemical properties 

of   ,  742   
 Hydrogen peroxidase   ,  57   
 Hydrogen peroxide (H 2 O 2 )   ,  212  

 and iodine   ,  550 – 2    
 Hydroiodic acid (HI)   ,  87   
 Hypercholesterolemia   ,  1020   
 Hypertension and hypothyroidism   ,  1057  

 as combined disorders   ,  1061 – 2   
 as individual disorders   ,  1058 – 61   
 mechanisms of disease:  

 endothelial dysfunction and 
atherosclerosis   ,  1065 – 6   

 hypertensive target organ damage   , 
 1067 – 8   

 hypothalamus – pituitary – thyroid axis 
and susceptibility to hypertension   , 
 1068 – 9   

 metabolic syndrome and the 
hypothyroid state   ,  1068   

 renal and neuroendocrine-related 
mechanisms   ,  1066 – 7    

 thyroid hormone action:  
 cardiac effects   ,  1062 – 3   
 hemodynamic effects   ,  1064 – 5   
 microcirculatory effects   ,  1063 – 4   
 vascular effects   ,  1063   

   see also   Hypothyroidism   
 Hyperthyroidism   ,  49   ,  342   ,  1217   ,  1228  

 clinical symptoms   ,  807   
 evolution   ,  891   
 in GD family members   ,  1217  

 iodine excess and thyroid nodules   , 
 1218   

 iodine excess and tyroid goiter   , 
 1217 – 18    

 in IDA   ,  818   
 and neuromuscular dysfunction   ,  704  

 higher center considerations   ,  708   
 hypokalemic thyrotoxic periodic 

paralysis (HTPP)   ,  706 – 7   
 movement disorders   ,  707   
 myasthenia gravis   ,  707   
 myopathy   ,  705 – 6   
 peripheral nerve disorders   ,  705   
 rhabdomyolysis   ,  706     

 Hypofunctioning thyroid nodules 
and euthyroid diffuse goiters, 
treatment of   ,  794  

 benign and malignant thyroid disease, 
discrimination between   ,  794 – 6   
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 general treatment considerations   ,  796   
 medical treatment modalities   ,  797 – 8   
 natural course and medical treatment   , 

 796 – 7   
 progressive/or recurrent disease, 

prophylaxis of   ,  798   
 surgery   ,  796   
 treatment recommendations   ,  798    

 Hypoiodites (IO  –  )   ,  87   
 Hypoiodous acid   ,  78   ,  87   ,  212   ,  743   ,  802   
 Hypokalemic thyrotoxic periodic paralysis 

(HTPP)   ,  702   ,  706   ,  706 – 7   
 Hypothalamus – pituitary – thyroid axis:  

 and susceptibility to hypertension   ,  1068 – 9    
 Hypothyroid cretinism   ,  599  

 and injection of iodine   ,  774    
 Hypothyroidism   ,  49   ,  326   ,  327   ,  856   ,  1156  

 clinical aspects:  
 ageing and thyroid function   ,  1033 – 4   
 biochemical diagnosis   ,  1036 – 7   
 clinical manifestations   ,  1035 – 6   
 epidemiology   ,  1034   
 etiologial diagnosis   ,  1037   
 etiology   ,  1034 – 5    

 clinical symptoms   ,  807   
 defi nition   ,  458   ,  1061   
 following seaweed consumption   ,  901 – 4   
 and hypertension   ,  see   Hypertension and 

hypothyroidism   
 and neuromuscular dysfunction:  

 higher center considerations   ,  710   
 movement disorders   ,  710   
 myopathy   ,  708 – 9   
 pathogenesis   ,  708   
 peripheral nerve disorders   ,  708   
 rhabdomyolysis   ,  709 – 10    

 ocular abnormalities in   ,  1108   
 ocular aspects   ,  1103  

 eyelid disorders   ,  1105 – 6   
 iodine and thyroid disorders   ,  1103 – 4   
 ophthalmoplegia   ,  1109   
 search strategy   ,  1103   
 thyroid eye disorders, investigations 

in   ,  1104 – 5   
 visual function   ,  1107 – 9    

 and pregnancy   ,  1113 – 20   
 skeletal muscle changes in   ,  see  

 Skeletal muscle changes, in 
hypothyroidism

in United States:  
 in adults   ,  1027 – 9   
 congenital hypothyroidism and 

adolescents   ,  1029 – 30   
 in older adults   ,  1030 – 1   
 postpartum hypothyroidism   ,  1030    

 urgent surgery in   ,  1044 – 5   
  in utero    ,  1107  
   see also   Brain damage   

 Hypothyroidism, in middle-aged and 
elderly patients:  

 therapeutical aspects:  
 control of patients   ,  1042   
 levothyroxine, adverse effects of   , 

 1042   
 replacement treatment   ,  1041 – 2   
 screening for   ,  1045   
 severe hypothyroidism and 

myxedema coma   ,  1044   
 subclinical hypothyroidism, 

treatment of   ,  1042 – 4   
 and surgery   ,  1044 – 5     

 Hypothyroxinemia   ,  714  
 CNS development, effects on   ,  714 – 15   
 defi nition   ,  676   
 in fi rst trimester of gestation   ,  713   
 iodine supplementation, undesirable 

consequences of   ,  718 – 19   
 in pregnant women:  

 in developed countries   ,  715 – 16   
 diagnosis in   ,  716 – 17   
 options to correct   ,  717 – 18     

  118 I   ,  438   
  119 I   ,  438   
  120 I   ,  171   ,  438   
  120m I   ,  438   
  121 I   ,  438   
  123 I   ,  171   ,  438   ,  439   ,  441   ,  741   ,  945  

 choice criteria   ,  742 – 3  
 physico-chemical properties   ,  742   
 production   ,  742 – 3    

 clinical applications   ,  751 – 5   
 labeling stability and quality control   ,  751  

  in vitro  and  in vivo  stability   ,  751   
 and purifi cation   ,  751    

 labeling techniques   ,  743 – 51   
 nuclear properties   ,  174   ,  440  

 and production model   ,  439    
 production   ,  175    

  123 I-fatty acids   ,  751   
  123 I-hippuric acid   ,  751   
  123 I-IBZM   ,  754   
  123 I-iofl upane   ,  754   
  123 I-R91150   ,  754   
  123 I-6-iodo-deoxyglucose   ,  751   
  124 I   ,  171   ,  441   
  125 I   ,  103   ,  109   ,  111   ,  171   ,  197   ,  217   ,  276   , 

 438   ,  439   ,  441   ,  890  
 commercial production   ,  439   
 production   ,  175    

  126 I   ,  19   ,  171   ,  174   ,  438   ,  439   ,  440   ,  441   
  127 I   ,  10   ,  19   ,  103   ,  174   ,  180   ,  438   ,  441   , 

 442   ,  439   ,  440  
 NAA of   ,  178 – 9    

  128 I   ,  19   ,  20   ,  171   ,  174   ,  438   ,  440   ,  441   
  129 I   ,  111   ,  438   ,  439   ,  440   ,  441   ,  442  

 NAA of   ,  179 – 80    
  130 I   ,  174   ,  438   ,  440   ,  441   ,  444   
  131 I   ,  171   ,  174   ,  259   ,  327   ,  438   ,  439   ,  440   , 

 441   ,  444   ,  591   ,  813   ,  944 – 5   ,  981   , 
 991  

 cancer risks   ,  948 – 9   
 carrier-free production:  

 absorption method   ,  174 – 5   
 distillation methods   ,  174    

 counting effi ciency   ,  187   
 diagnostic imaging with   ,  1015 – 16   
 environmental risks   ,  971   
 fi xed dosing of   ,  1012   
 Graves ’  disease in children, treatment 

of   ,  943  
 antithyroid medications, use of   , 

 950 – 1   
 cancer risks   ,  948 – 9   
 childhood hyperthyroidism   ,  943 – 4   
 complication rates   ,  947 – 8   
 health of offspring   ,  949 – 50   
 long-term cure rates   ,  946   
 radioactive iodine use in children   , 

 946 – 7   
 surgical options   ,  950   
 therapy origins   ,  945 – 6   
 treating children   ,  951 – 2    

 imaging and follow-up   ,  1015 – 16   
 medical use   ,  967 – 8  

 diagnostic use   ,  967   
 pregnancy and breast feeding   ,  

967 – 8   
 treatment   ,  967    

 properties   ,  966   
 radiation exposure:  

 caregivers and relatives   ,  972 – 4   
 of hospital staff   ,  971 – 2   
 modes of   ,  968 – 9   
 to patient   ,  969 – 70   
 of public   ,  972    

 radiation protection authorities, 
recommendations of   ,  974 – 6   

 radiation safety precautions, for 
patients   ,  952 – 3   

 rationale use   ,  957   
 therapy   ,  945 – 6   
 complication rates   ,  947 – 9   
 health of offspring   ,  949 – 50   
 long-term cure rates   ,  946   
 origins   ,  944 – 6   
 radioactive iodine use in children   , 

 946 – 7   
 and radiobiology   ,  966 – 7   
 in thyroid cancer   ,  1007  

 acute and long-term effects   ,  1013   
 differentiated thyroid carcinoma, 

therapy of   ,  1012 – 13   
 DTC therapy   ,  1016 – 19   ,  1020   
 early effects of treatment   ,  1013 – 14   
 imaging and follow-up   ,  1015 – 16   
 late effects of treatment   ,  1014 – 15   
 patient-specifi c prognostic factors   , 

 1008   
 postsurgical  131 I remnant ablation   , 

 1011 – 12   
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  131 I (continued )
 serum Tg testing and rhTSH   , 

 1019 – 20   
  l -thyroxine therapy   ,  1019   
 tumor-specifi c prognostic factors   , 

 1009 – 11    
 in thyroid tissue:  

 optimization of retention, role of 
lithium in   ,  1002 – 3   

 optimization of uptake   ,  1002    
 treatment, early effects of   ,  1013    

  132 I   ,  438   
  132m I   ,  438   
  133 I   ,  174   ,  176   ,  438   ,  440   ,  444   
  134 I   ,  438   
  135 I   ,  438   

 IARC   ,  see   International Agency for 
Research on Cancer (IARC)   

 ICCIDD   ,  see   International Council for 
Control of Iodine Defi ciency 
Disorders (ICCIDD)   

 Iceland:  
 hyperthyroidism in   ,  450   
 iodine intake in   ,  1140    

 ICNND   ,  see   Interdepartmental 
Committee on Nutrition for 
National Defense (ICNND)   

 ICRP   ,  see   International commission on 
radiological protection (ICRP)   

 ICRP 2 data   ,  263   
 ICRP   ,  30   ,  259   
 ICRP estimates, of deposition fraction   , 

 265   
 ICRP Report No. 66 (ICRP 66)   ,  260   , 

 261   ,  263   ,  265   ,  269   
 IDA   ,  see   Iron defi ciency anemia (IDA)   
 IDD   ,  see   Iodine defi ciency disorder 

(IDD)   
 Idiots village   ,  827   
 IDMS   ,  see   Isotope dilution mass 

spectrometry (IDMS)   
 IEC activity   ,  see   Information, education 

and communication (IEC) 
activity   

  IGFBP6    ,  994   
 IIH   ,  see   Iodine-induced hyperthyroidism 

(IIH)   
 ILGF   ,  see   Insulin-like growth factor 

(ILGF)   
 Illegal salt   ,  830   
 Illite   ,  97   
 Immune response and production, of 

antibodies   ,  41   
 Immunoassay techniques   ,  41   
 Immunoglobulin E (IgE)   ,  919   
 Immunoradiometric assay (IRMA)   ,  58   , 

 576   
 INAA   ,  see   Instrumental neutron activation 

analysis (INAA)   

 INAN   ,  see   Brazilian Nutrition and Food 
Institute   

 Increased iodine supply, detrimental 
effects of   ,  872   

 India:  
 comparative iodine content in   ,  732   
 endemic goiter in   ,  776 – 7   
 salt iodization in   ,  1125 – 6  
   see also   Iodine defi ciency disorders, in 

India   
 Inductively coupled plasma atomic 

emission spectrometry (ICP-AES)   , 
 11   ,  12   

 Inductively coupled plasma-isotope 
dilution mass spectrometry 
(ICP-IDMS)   ,  22   

 Inductively coupled plasma mass 
spectrometry (ICP-MS)   ,  9   ,  21   , 
 22   ,  97   ,  140   ,  141 – 3   ,  670   ,  1187   

 Inductively coupled plasma-optical 
emission spectrometry (ICP-
OES)   ,  22   

 Infant milk substitute powders   ,  734   
 Infants, daily iodine requirements in   ,  478   
 Infection and infl ammation imaging   , 

 754 – 5   
 Information, education and 

communication (IEC) activity   , 
 1223 – 4   

 Inhalability, defi nition of   ,  261   
 Inhalation   ,  259   ,  260   
 Inner ring deiodination (IRD)   ,  299   
 Innervated muscle fi bers   ,  1088   
 Inorganic nitrate and endemic goiter   , 

 1174   
 Inositol-1,4,5-triphosphate (IP3)   ,  245   
 Institute of Medicine (IOM)   ,  406   ,  608   , 

 686   ,  807   ,  1045   ,  1130   ,  1204   
 Instrumental neutron activation analysis 

(INAA)   ,  19   ,  20   ,  201   ,  590   ,  664   
 Insuffi ciency, of iodine   ,  375   
 Insulin-like growth factor (ILGF)   ,  993   
 Intake of iodine:  

 amount of   ,  892   
 in Center region   ,  1197   
 in Cuyo   ,  1196 – 7   
 diagnostic procedures before   ,  893   
 differences in, between and within 

individual countries   ,  1133 – 5   
 different methods   ,  890  

 drugs   ,  888 – 9   
 nutrition   ,  888   
 radiographic contrast media   ,  889   
 radionuclide agents   ,  889   
 topical application   ,  889    

 in European elderly   ,  1139  
 assessment, methods of   ,  1139 – 40   
 dietary supplements   ,  1143   
 dietary surveys, impressions from   , 

 1143 – 5   

 surveys of   ,  1140 – 3    
 and food choice   ,  333   ,  335  

 dietary sources   ,  333 – 4   
 in different countries   ,  334 – 5   
 iodine content   ,  333   
 in subjects with special diets   ,  335    

 in Litoral North   ,  1198   
 in Litoral South   ,  1199   
 in Northwest (NOA)   ,  1199 – 200   
 in Pampa H ú meda   ,  1195 – 6   
 in Patagonia Andina   ,  1195   
 in Patagonia Atl á ntica   ,  1193   
 recommended levels   ,  466   
 among sampling years   ,  1189   
 and thyroid disorders   ,  449 – 54   
 and thyroid size, relationship between   , 

 533 – 6   
 in Ukraine   ,  1189    

 Integrated prognostic index (IPI)   ,  1079   
 Intelligence quotient (IQ)   ,  461   ,  471   ,  600   , 

 635   ,  1049  
 and iodine defi ciency   ,  1273 – 4    

 Interdepartmental Committee on 
Nutrition for National Defense 
(ICNND)   ,  1222   

 Interinstitutional Committee for 
Prevention and Control of Iodine 
Defi ciency Disorders   ,  1209   

 Interleukin 4 (IL-4)   ,  239   
 Interleukin-6 (IL-6)   ,  932   
 International Agency for Research on 

Cancer (IARC)   ,  915   
 International commission on radiological 

protection (ICRP)   ,  185   ,  259   ,  965   
 International Council for Control of 

Iodine Defi ciency Disorders 
(ICCIDD)   ,  55   ,  65   ,  384   ,  478   , 
 579   ,  604   ,  608   ,  626   ,  723 – 8   ,  836   , 
 1124   ,  1133   ,  1134   ,  1203   ,  1224   , 
 1253   ,  1260   ,  1275  

 global activities   ,  725   
 in global program for elimination 

of brain damage due to iodine 
defi ciency   ,  723   

 ICCIDD Founding Offi ce Bearers and 
Board Members   ,  724   

 IDD elimination, progress in   ,  726   
 national activities   ,  726   
 network   ,  724 – 5   
 regional activities   ,  725 – 6   
 sustainability   ,  726 – 7  

 global network   ,  727   
 as public health problem   ,  727     

 International Resource Laboratory for 
Iodine Network (IRLI)   ,  725   

 International Union Against Cancer 
(UICC)   ,  1008   

 Intrathyroidal iodine content 
determination, by X-ray 
fl uorescence analysis   ,  766 – 7   
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 Intrauterine iodine defi ciency   ,  630 – 2   
 IOCs   ,  see   Iodized oil capsules (IOCs)   
 Iodate   ,  287 – 8  

 in human food   ,  911   
 toxicology   ,  909  

 Government Regulatory Acts and 
Manufacturers ’  recommendations   , 
 912   

 hazard, discussion and assessment of   , 
 915 – 16   

 in human food   ,  911   
 metabolism and kinetics   ,  911 – 12   
 physical and chemical properties of   , 

 910 – 11   
 recommended doses, human 

exposure at   ,  911   
 toxicity of   ,  912 – 15    

 in water   ,  291 – 2    
 Iodate salts, physico-chemical properties 

of   ,  911   
 Iodic acid   ,  87   ,  910   
 Iodide action:  

 mechanisms of:  
 candidates XI   ,  308 – 9   
 iodide effects, mechanism of   ,  306 – 8   
 iodide effects not explainable by XI 

model   ,  306   
 iodoaldehydes, as XI mediators   , 

 309 – 10   ,  311   
 iodolactones, as XI mediators   ,  309   , 

 310 – 11   
 XI model   ,  306    

 models for study of:  
 cell lines   ,  306   
 clinical investigation   ,  305   
 primary cultures   ,  305 – 6   
 thyroid slices and follicles   ,  305     

 Iodide effects, on thyroid   ,  303  
 action:  

 mechanisms of   ,  306 – 11   
 models for study of   ,  305 – 6    

 clinical signifi cance   ,  311 – 12   
 as signal   ,  304 – 5   
 as substrate   ,  304    

 Iodide effl ux   ,  232   ,  236   ,  237   ,  238  
 at apical membrane   ,  233    

 Iodide kinetics   ,  195 – 6   
 Iodide:  

 vs. molecular iodine (I 2 )   ,  803 – 4   
 transport:  

 defi ciency in   ,  see   Pendred’s syndrome   
 in polarized cells   ,  235   ,  236     

 Iodinated compounds, regulating thyroid 
function and growth   ,  246   

 Iodinated contrast media   ,  372   ,  375   ,  920  
 and central venous catheters   ,  376   
 exposure and transient hypothyroidism   , 

 377    
 Iodinated lipids (ILs)   ,  309   ,  802 – 3   
 Iodinated skin disinfectants   ,  376 – 7   

 Iodinating reagents:  
 hydriodic acid   ,  743   
 hypoiodous acid   ,  743   
 iodine monochloride   ,  743   
 molecular iodine   ,  743   
 organic  N -iodo compounds   ,  743   
 sodium iodide   ,  743    

 Iodine, clinical trials with   ,  804  
 placebo-controlled human effi cacy trials 

with   ,  804 – 6   
 safety trials with   ,  806 – 8    

 Iodine-120, production of   ,  175   
 Iodine-123, production of   ,  175   
 Iodine-123   ,  see    123 I   
 Iodine-124, production of   ,  175   
 Iodine-125, production of   ,  175   
 Iodine-131, production of:  

 adsorption methods   ,  174 – 5   
 distillation methods   ,  174  
   see also    131 I   

 Iodine balance   ,  472 – 3   ,  478   ,  480  
 and parenterally fed preterm infants   , 

 373 – 4    
 Iodine-containing compounds   ,  919  

 amiodarone   ,  923 – 4   
 iodinated contrast media   ,  920 – 2  

 medical literature evaluating 
premedication regimens, review 
of   ,  922   

 pathophysiology of reaction   ,  920   
 premedication regimens, role of   , 

 921 – 2   
 risk factors   ,  920 – 1    

 iodine reactions, types of   ,  919 – 20   
 potassium iodide   ,  924   
 povidone-iodine preparations   ,  924   
 seafood   ,  923    

 Iodine-containing drugs   ,  920   ,  928  
 thyroid dysfunction prevention due 

to   ,  933    
 Iodine-containing pharmaceuticals, on 

iodine status and thyroid function   , 
 927  

 excessive iodine intake, effects of   , 
 927 – 8   

 inducing thyroid dysfunction   ,  928  
 amiodarone and thyroid dysfunction   , 

 931 – 3   
 contrast media and thyroid 

dysfunction   ,  930 – 1   
 PVP-I and thyroid dysfunction   , 

 929 – 30    
 prevention, of thyroid dysfunction   ,  933    

 Iodine containing thyroid hormones, 
synthesis and metabolism of   , 
 295 – 300   

 Iodine defi ciency   ,  3   ,  35   ,  47   ,  55   ,  60   ,  65   , 
 93   ,  152   ,  157   ,  161   ,  249   ,  323   ,  369   , 
 427   ,  431   ,  549   ,  615   ,  713   ,  779   , 
 817   ,  826   ,  1027   ,  1034   ,  1047   , 

 1049   ,  1076   ,  1088   ,  1113   ,  1203   , 
 1204  

 adaptation to   ,  559   
 in Alzheimer’s Disease   ,  663   
 antioxidant response during   ,  551 – 2   
 in Argentina   ,  1191   
 assessment techniques   ,  462   
 and attention defi cit and hyperactivity 

disorder   ,  651   ,  654 – 61   
 and brain   ,  see   Brain: and iodine 

defi ciency   
 in Bulgaria   ,  1169   
 classifi cation   ,  462   ,  466   
 consequences of   ,  1130   
 control of, strategies for   ,  466   
 and cretinism:  

 during development   ,  618   
 gestation, T4 maternal transfer   , 

 616 – 18   
 historical and epidemiological 

studies   ,  615 – 16   
 human brain early in gestation   , 

 618 – 20   
 neurological abnormalities   ,  620 – 2    

 current extent   ,  463 – 6   
  deiodinase type 2  ( DIO2 ) gene and 

mental retardation in   ,  635 – 41   
 in Denmark   ,  1161   
 during development   ,  618   
 and disease   ,  449 – 51   
 elimination, by iodate addition   ,  909   
 and exercise   ,  569 – 73   
 in fetal and postnatal growth   ,  502   
 in fetus   ,  153 – 4   
 in Germany   ,  1153   
 goiter and hyperthyroidism in   ,  789   
 growing animals   ,  154 – 5   
 historical perspective, throughout 

world   ,  463   
 and hypothyroxinemia   ,  626 – 8   
 and iron defi ciency and parasitosis   ,  499   
 and maternal thyroid function   ,  677   
 in Mexico   ,  502   
 moderate iodine defi ciency   ,  564   
 neurological abnormalities in   ,  620 – 2   
 in New Zealand   ,  1230   
 in newborns   ,  479   
 oxidative damage in   ,  see   Oxidative 

damage: iodine defi ciency   
 in Papua New Guinea   ,  1230   
 in Philippines   ,  1231   
 in Poland   ,  811   
 in pregnancy   ,  461  

 clinical studies   ,  471 – 3   
 pathophysiology   ,  469 – 71    

 in pregnant animals   ,  154   
 pregnant women, diagnosis in   ,  716 – 17   
 in pregnant women, in England   , 

 1147 – 51  
 background   ,  1147 – 9   
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Iodine defi ciency (continued )
 urinary iodine excretion (UIE)   , 

 1149 – 51    
 in pre-school children   ,  461   
 in preterm babies   ,  481 – 2   
 in schoolchildren in Tasmania   ,  1233 – 48   
 severe iodine defi ciency   ,  564   
 signs   ,  153   
 and thyroid cancers   ,  513   
 thyroid function tests in   ,  50 – 2   
 TPO-Ab and Tg-Ab   ,  575   
 in Vanuatu   ,  1231   
 in vegetarian and vegan diets   ,  521   
 very severe iodine defi ciency   ,  564 – 5    

 Iodine defi ciency disorder (IDD)   ,  15   , 
 139   ,  365   ,  367   ,  369   ,  499   ,  500   , 
 603   ,  675   ,  1179   ,  1234  

 and attention defi cit and hyperactivity 
disorder   ,  654 – 61   

 in Australia and the pacifi c states   ,  1227   , 
 1228 – 9  

 New Zealand   ,  1230   
 Australian National Iodine Nutrition 

Study   ,  1229 – 30   
 Fiji   ,  1230   
 Papua New Guinea   ,  1230   
 Philippines   ,  1231   
 Vanuatu   ,  1231    

 in Brazil   ,  1203  
 current actions   ,  1208 – 10   
 iodine and health   ,  1203 – 4   
 iodine defi ciency   ,  1204 – 7   
 recommended dietary allowance 

(RDA), of iodine   ,  1204   
 salt iodization   ,  1207 – 8    

 in Bulgaria   ,  1169  
 congenital hypothyroidism, 

screening for   ,  1172   
 early epidemiological surveys 

1956 – 1990   ,  1170   
 IDD surveys 1996 – 2003, results 

from   ,  1171 – 2   
 ioduria   ,  1170 – 1    

 in Eastern Kentucky   ,  776   
 elimination, global program for   ,  604   
 environmental factors stimulating 

manifestation of:  
 goiter rate among children, 

schoolchildren and pregnant 
women   ,  1176   

 inorganic nitrate, in drinking water   , 
 1174   

 iodine status of risk population 
groups, in areas with high nitrate 
level   ,  1174 – 6    

 gestational hypothyroxinemia   ,  675   ,  676  
 background   ,  676 – 7   
 current opinion, comment and 

criticism   ,  682 – 3   
 and fetal neurodevelopment   ,  681 – 2   

 in fi rst half of pregnancy   ,  677 – 8   
 and maternal thyroid function   ,  677   
 second half gestation   ,  678   
 silent iodine prophylaxis   ,  678    

 global prevention approach to   ,  509   
 global program for elimination of   ,  604   
 healthcare service delivery, in 

elimination of   ,  825   
 in offspring of hypothyroxinemic 

mothers   ,  see   Attention defi cit and 
hyperactivity disorders (ADHD)   

 and parasitosis iron   ,  508   
 spectrum of   ,  603   
 in Sundarban delta   ,  777   
 in Tasmania and Finland   ,  776   
 in Western Colombia   ,  776    

 Iodine defi ciency disorders, in China   ,  825  
 government, role of:  

 legislation, regulations and 
enforcement of USI   ,  829 – 30   

 public goods support, in health   ,  829    
 health sector, role of:  

 applied research, for national 
program   ,  826 – 7   

 epidemiological studies and salt 
fortifi cation programs, in endemic 
areas   ,  827   

 National IDD Elimination Program   , 
 827 – 9    

 success and lessons for refl ection, key 
contributors to:  

 China’s success in elimination of 
IDD   ,  831   

 new developments   ,  833   
 points for refl ection   ,  831 – 2   
 Tibet, snapshot on   ,  832 – 3     

 Iodine defi ciency disorders, in India   , 
 776 – 7   ,  1271  

 elimination programs   ,  1277   
 endocrine aspects:  

 cretinism and other neurological 
impairments   ,  1273 – 4   

 iodine defi ciency goiter   ,  1274 – 5   
 neonatal hypothyroidism   ,  1274   
 thyroid autoimmunity and iodine 

supplementation   ,  1276   
 thyroid function status   ,  1275    

 iodized salt:  
 household coverage of   ,  1272 – 3   
 production, progress on   ,  1272    

 National Iodine Defi ciency Disorders 
Control Program   ,  1272   

 as public health problem   ,  1272    
 Iodine defi ciency disorders, in Mali   ,  1265  

 etiology   ,  1266  
 dietary sources   ,  1267 – 8   
 genetic factors   ,  1268   
 goitrogens   ,  1268   
 soil and foods, level of iodine in   , 

 1266 – 7    

 prevalence   ,  1265 – 6   
 prevention and treatment   ,  1268 – 9   
 social – anthropological aspects   ,  1268    

 Iodine defi ciency disorders, in Thailand   , 
 1221  

 current activities   ,  1225   
 current status   ,  1224 – 5   
 implementing measures   ,  1222   
 information, education and 

communication (IEC) activity   , 
 1223 – 4   

 iodine fortifi ed food   ,  1223   
 policy and commitment   ,  1224   
 problems and constraints   ,  1225   
 strategies   ,  1225 – 6   
 water iodization   ,  1223    

 Iodine-defi cient area (IDA)   ,  60   ,  470   ,  517   , 
 620   ,  637   ,  774   ,  779   ,  817   ,  932  

 thyroid autoantibodies in   ,  582    
 Iodine defi cient gestation and 

neurodevelopment:  
 of 3-year-old children   ,  607  

 analytical procedures   ,  609   
 discussion   ,  612 – 13   
 objectives   ,  609   
 results   ,  609 – 12   
 statistical analyses   ,  609   
 subjects   ,  609     

 Iodine-defi cient group   ,  678   
 Iodine excess, thyroid function tests in   , 

 52 – 3   
 Iodine excretion, variations in:  

 in healthy individuals   ,  421   ,  422 – 4  
 components of variation   ,  421 – 2   
 and iodine nutrition studies   ,  424 – 7     

 Iodine fortifi cation (IF)   ,  533 – 4   ,  579   ,  731   , 
 1165   ,  1166  

 in Germany   ,  1155 – 6  
   see also   Fortifi cation of iodine, industrial 

initiatives and concerns on   
 Iodine-induced hyperthyroidism (IIH)   , 

 147   ,  148   ,  283   ,  871   ,  872   ,  887  
 causes of   ,  937   
 in fetus and neonate   ,  929   
 fi rst observations on   ,  872   
 frequency of   ,  888  

 iodine intake, different methods of   , 
 888 – 9    

 and hypothyroidism   ,  927 – 33   
 pathogenesis of:  

 risk factors, of IIH   ,  890 – 2   
 thyroid hormones, role of iodine in 

synthesis of   ,  889 – 90    
 prevention:  

 iodine intake, diagnostic procedures 
before   ,  893   

 prophylaxis for IIH, before iodine-
load   ,  893    

 related to intensifi cation of iodine 
prophylaxis   ,  874   
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 related to iodine prophylaxis   ,  872 – 3   
 risk factors of:  

 age   ,  892   
 gender   ,  892   
 iodine intake, amount of   ,  892   
 iodine-defi cient regions   ,  890   
 preexisting thyroid abnormalities   , 

 890 – 2    
 treatment   ,  893  

 antithyroid drugs   ,  894   
 betablockers   ,  894   
 surgery   ,  894    

 underlying mechanisms of   ,  874 – 5  
   see also   Hyperthyroidism   

 Iodine-induced thyroid disorders   , 
 899 – 901   

 Iodine-induced thyroid gland 
hyperfunction   ,  813   

 Iodine-induced thyrotoxicosis   ,  701   ,  791   , 
 850   ,  892   

 Iodine-induced toxic effects, due to 
seaweed consumption   ,  897  

 edible seaweeds, iodine content in   , 
 898 – 9   

 goiter, hypothyroidism and 
Hashimoto’s thyroiditis   ,  901 – 4   

 iodine-induced thyroid disorders   , 
 899 – 901   

 thyrotoxicosis   ,  904 – 7    
 Iodine intake   ,  see   Intake of iodine   
 Iodine intervention, effects of:  

 in human populations   ,  775   
 in livestock population   ,  775 – 6    

 Iodine kinetics in Graves ’  disease, in post-
iodization era   ,  850   

 Iodine monochloride   ,  743   
 Iodine nutrition, in Bulgaria   ,  1169  

 IDD, dynamics of:  
 congenital hypothyroidism, 

screening for   ,  1172   
 early epidemiological surveys 

1956 – 1990   ,  1170   
 IDD surveys 1996 – 2003, results 

from   ,  1171 – 2   
 ioduria   ,  1170 – 1    

 IDD, environmental factors stimulating 
manifestation of:  

 goiter rate among children, 
schoolchildren and pregnant 
women   ,  1176   

 inorganic nitrate, in drinking water   , 
 1174   

 iodine status of risk population 
groups, in areas with high nitrate 
level   ,  1174 – 6    

 in schoolchildren, living in urban and 
rural areas:  

 for optimal iodine nutrition   ,  1173 – 4   
 urinary iodine and goiter prevalence, 

comparison between   ,  1172 – 3     

 Iodine nutrition studies   ,  426 – 7   
 Iodine prophylaxis:  

 IIH related to   ,  872 – 3  
 intensifi cation   ,  874    

 in Poland   ,  813  
 adults   ,  814   
 neonates, children, and adolescents   , 

 813 – 14   
 perspectives   ,  814 – 15    

 and thyroiditis   ,  866 – 7  
   see also   Active iodine prophylaxis   

 Iodine prophylaxis, in Czech Republic:  
 current status, of iodine defi ciency   , 

 835 – 6   
 improved program of   ,  836 – 8  

 system of re-evaluation   ,  838    
 thyroid autoimmunity   ,  838   ,  842  

 ioduria, infl uence on   ,  838 – 9   
 thyroid function, infl uence on   , 

 840 – 1   
 thyroid volume, infl uence on   , 

 839 – 40     
 Iodine species   ,  83  

 analyses   ,  95 – 7  
 by chromatographic amperometry   ,  97    

 column transport studies of   ,  95   
 distribution, in seawater   ,  84   
 extraction, from solid samples   ,  95   
 geochemical cycling of, in soil   ,  93   
 in US soils and sediments   ,  98 – 100   
 vertical variations   ,  87    

 Iodine suffi ciency:  
 epidemiological and individual criteria 

for   ,  1130   
 monitoring and tracking, in United 

States   ,  1133    
 Iodine-suffi cient areas (ISAs)   ,  655   ,  818   , 

 820 – 1   ,  930  
 pregnant women with iodine defi ciency 

in   ,  715 – 16    
 Iodine suffi cient group   ,  678   
 Iodine supplementation   ,  153   ,  156   ,  157   , 

 158   ,  159   ,  160   ,  342   ,  466   ,  525   , 
 570   ,  1077   ,  1162   ,  1163   ,  1207  

 in Czech Republic   ,  836   
 excess iodine supplementation, effects 

of   ,  776   ,  877   
 through irrigation water   ,  771   ,  774 – 5   
 in Jixian Village of China   ,  774   
 lifelong iodine supplementation   ,  see  

 Lifelong iodine supplementation, 
in Sweden   

 in pregnancy   ,  405 – 6   ,  474   
 and thyroid autoimmunity   ,  1276   
 undesirable consequences of   ,  718 – 19    

 Iodine supplementation and elderly, in 
Austria   ,  817  

 epidemiologic studies, results of:  
 autoimmune diseases before and 

after salt iodization   ,  819 – 20   

 differentiated thyroid cancer before 
and after salt iodization   ,  820 – 1   

 urinary iodine excretion and goiter 
prevalence before and after salt 
iodization   ,  819    

 thyroid ultrasonography   ,  818 – 19   
 urinary iodide excretion, measurement 

of   ,  818    
 Iodine to creatinine ratio   ,  1235   
 Iodine treatment, extrathyroidal effect of   , 

 343   
 Iodine water purifi cation tablets, 

application of   ,  135 – 7   
 Iodixanol   ,  920   
 Iodization programs, effi ciency evaluation 

of   ,  771  
 in Eastern India   ,  776 – 7   
 in Eastern Kentucky   ,  776   
 effective iodine supplementation, in 

Jixian village of China (1978 –
 1986)   ,  774   

 excess iodine supplementation, effects 
of   ,  776   

 iodine intervention, effects of:  
 in human populations   ,  775   
 in livestock population   ,  775 – 6    

 iodine prophylaxis:  
 in Akron, USA   ,  772   
 in Kangra Valley, India (1956 – 1972), 

effectiveness of   ,  773   
 in Michigan (1924 – 1937)   ,  773   
 in New Guinea (1966 – 1970)   ,  

773 – 4   
 in Sengi, Central Java (1973 – 2001)   , 

 774    
 iodine supplementation, through 

irrigation water   ,  774 – 5   
 limitations   ,  776   
 in Northeast India   ,  777   
 in Sundarban delta   ,  777   
 Switzerland, impact of iodized salt in   , 

 772   
 in Tasmania and Finland   ,  776   
 in Western Colombia   ,  776    

 Iodization programs, practical 
consequences for   ,  452 – 4   

 Iodized oil capsules (IOCs)   ,  828   ,  832 – 3   
 Iodized salt   ,  347   ,  366   ,  367   ,  406   ,  418   , 

 430   ,  466   ,  501   ,  502   ,  600   ,  613   , 
 678   ,  727   ,  815   ,  909   ,  1151   ,  1153   , 
 1161   ,  1162   ,  1222   ,  1229   ,  1237   , 
 1247   ,  1252  

 availability   ,  1133   
 in India   ,  1272   
 vs. non-iodized salt   ,  369   
 in Philippines   ,  369   
 quality of   ,  828   ,  1125   
 in Sweden   ,  764   
 in Switzerland   ,  772  
   see also   Salt iodization   
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 Iodized Salt Producers Association (ISPA)   , 
 1225   ,  1226   

 Iodized salt test kit (I-Kit)   ,  1225   
 Iodoaldehydes:  

 as XI mediators   ,  309   
 role of   ,  311    

 Iodobeads   ,  744   
 Iododeoxyuridine   ,  754   
 Iodogen   ,  744   
 Iodoglycoprotein   ,  56   
 Iodohexadecanal   ,  254   
 Iodolactone   ,  243   ,  249   ,  309  

 formulas of   ,  244   
 as XI mediators   ,  309   
 role of   ,  310 – 11    

 Iodophor   ,  366   ,  429   ,  524   ,  924   ,  1148   , 
 1235   ,  1246   ,  1251   ,  1253   

 Iodothyronine deiodinases   ,  57   ,  560   ,  686   , 
 687   ,  860   

 Iodotyrosyls   ,  317 – 18   
 Ioduria   ,  813   ,  814   ,  836   ,  838 – 9   ,  1170 – 1   , 

 1204   
 Iofl upane   ,  754   
 IOM   ,  see   Institute of Medicine (IOM)   
 Ion channels and pumps, expression of   , 

 1093   
 Ion chromatography   ,  6 – 9   ,  145   ,  290   
 Ion exchange chromatography   ,  6   ,  751   
 Ion-selective electrode   ,  11   ,  290   
 Ionic agents   ,  920   
 Iotrolan   ,  920   
 IPI   ,  see   Integrated prognostic index (IPI)   
 IPPA   ,  see   15- p -iodophenyl pentadecanoic 

acid   
 IQ   ,  see   Intelligence quotient (IQ)   
 IRD   ,  see   Inner ring deiodination (IRD)   
 IRLI   ,  see   International Resource 

Laboratory for Iodine Network 
(IRLI)   

 IRMA   ,  see   Immunoradiometric assay 
(IRMA)   

 Iron   ,  30   ,  1120  
 defi ciency:  

 iodine and thyroid function, effects 
on   ,  53   

 parasites associated to   ,  504     
 Iron defi ciency anemia (IDA):  

 and cognitive development   ,  500    
 Iron defi ciency, in relation to iodine 

defi ciency   ,  499  
 Fe status and thyroid metabolism   , 

 502 – 3   
 feto-maternal repercussions of:  

 during pregnancy and postnatal 
period   ,  501 – 2    

 ID and Fe supplementation and 
susceptibility, interaction between   , 
 508 – 9   

 parasitosis:  
 Fe defi ciency and   ,  504 – 8   

 Fe fortifi cation and   ,  509     
 ISAs   ,  see   Iodine-suffi cient areas (ISAs)   
 Isofl avones   ,  see   Soy isofl avones   
 Isopropyl- p -iodoamphetamine (IMP)   ,  754   
 Isothiocyanate   ,  434   
 Isotope dilution analysis   ,  21   
 Isotope dilution inductively coupled 

plasma mass spectrometry (ICP-
MS)   ,  1131   

 Isotope dilution mass spectrometry 
(IDMS)   ,  141 – 3   

 Isotopes of iodine, in thyroid and urine   , 
 437  

 determination of   ,  444 – 5   
 level of   ,  441 – 4   
 radioisotopes, radiation risk of   ,  445 – 6   
 sources and production   ,  437 – 40   
 utilization   ,  440 – 1    

 Isovaleric academia   ,  390   ,  397 – 8   
 Italy, iodine status in   ,  1179  

 Calabria   ,  1180  
 congenital hypothyroidism, 

screening for   ,  1182 – 3   
 distribution according to sex, age and 

grade of goiter   ,  1181   
 endemic goiter and iodine supply in   , 

 1180   ,  1184   
 goiter prevalence distribution, in 

different areas   ,  1181   
 neonatal TSH and endemic goiter, 

relationship between   ,  1183   
 thyroid disease in, Calabrian adult 

population   ,  1180   
 urinary iodine excretion in   ,  1181 – 2     

 Iwamoto, Keisuke   ,  803   

 James Cook University Hospital   ,  1149   
 Japan   ,  108   ,  110   ,  334   ,  856   ,  903   ,  904   ,  930   , 

 961   ,  962   ,  1114   
 Japanese Andosol soils   ,  99   
 Jixian village of China, effective iodine 

supplementation in   ,  774   
 Jod-Basedow   ,  872   
  JunD    ,  994   
 Juvenile hypothyroidism   ,  1050 – 1   

 Kangra Valley, India   ,  771  
 effectiveness of iodine prophylaxis in   , 

 773    
 Kanto Chemical Co., Inc   ,  1186   
 Kaolinite   ,  97   ,  102   
 Kashin – Beck disease (KBD)   ,  692  

 clinical presentation   ,  693 – 6   
 epidemiology   ,  692 – 3    

 KBD   ,  see   Kashin – Beck disease (KBD)   
 Kelp   ,  3   ,  120   ,  430   ,  897   ,  901   ,  905   ,  906   
 Kelp tablets   ,  431   ,  433   ,  904   
 Keshan disease   ,  686   ,  692   ,  697   ,  1077   
 Kidney   ,  155   ,  164   ,  193   ,  199   ,  202   ,  717   , 

 779  

 NIS expression in   ,  212   
 pendrin in   ,  238    

 KIGGS   ,  see   Kinder- und 
Jugendgesundheitssurvey 
(KIGGS)   

 Kinder- und Jugendgesundheitssurvey 
(KIGGS)   ,  1154   ,  1156   

 King’s Salt Campaign   ,  1223   
 Knowledge of iodine nutrition   ,  365  

 assessment   ,  368 – 9   
 and behavior, discrepancy between   ,  369   
 improvement in   ,  369 – 70   
 mandatory and voluntary iodization 

programs, role in   ,  369   
 as process indicator   ,  366   
 as role players   ,  366  

 household level, consumers at   , 
 367 – 8   

 medical and health professionals   ,  368   
 politicians and ministerial health 

staff   ,  366 – 7   
 processed foods, producers of   ,  368   
 salt producers   ,  367   
 wholesalers and retailers   ,  367     

 Koker   ,  950   
 Kombu   ,  179   ,  856   ,  898   ,  903   
 Kooperative Gesundheitsstudie im Raum 

Augsburg (KORA)   ,  1156   
 KORA   ,  see   Kooperative Gesundheitsstudie 

im Raum Augsburg (KORA)   
 Korea, iodine intake in   ,  451   
 Kruskal – Wallis tests   ,  1238   
 Kyphoscoliosis   ,  326   

 L-T3 administration   ,  1082   
 L-T4 administration   ,  1082   
 Labeling reactions   ,  745  

 electrophilic addition   ,  746   
 electrophilic substitution   ,  746   
 nucleophilic substitution   ,  746 – 7   
 radical reactions   ,  747    

 Lacrimal fl uid   ,  343   
 Lactating mammary glands   ,  222   ,  276   , 

 803   ,  985  
 NIS expression in 224   ,  227    

 Lacto-ovo-vegetarian   ,  523   
 Lacto-vegetarian   ,  430   ,  523   ,  528   
 Lactoperoxidase (LPO)   ,  161   ,  212   ,  250   , 

 309   ,  802   ,  803   
  Laminaria    ,  88   ,  434   
  Laminaria digitata    ,  76   
  Laminaria hyperborea    ,  147   ,  899   
  Laminaria japonica    ,  see   Kelp   
  Laminaria japonica tresch    ,  339   
  Laminariales    ,  120   
 LC   ,  see   Liquid chromatography (LC)   
 LDL   ,  see   Low-density lipoprotein (LDL)   
 Lead   ,  30   
 Left ventricular ejection fraction (LVEF)   , 

 1079   ,  1080   
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 Legislation   ,  152   ,  369   ,  829   ,  1154   ,  1174   , 
 1208  

 Brazilian legislation   ,  1208    
 Levothyroxine (L-T4)   ,  357   ,  608   ,  789   , 

 792   ,  797   ,  798   ,  859   ,  903   ,  1012   , 
 1041   ,  1044   ,  1117  

 adverse effects   ,  1042   
 variations in L-T4 requirements, before 

and during pregnancy   ,  1119    
 Lhasa Salt Iodization Factory   ,  832   
 LiChrolut EN cartridge   ,  9   
 LID   ,  see   Low-iodine diet (LID)   
 Lifelong iodine supplementation, in 

Sweden   ,  763  
 benign thyroid disease, prevalence of   , 

 767   
 estimation, of iodine consumption   , 

 764 – 5   
 intrathyroidal iodine content, by X-ray 

fl uorescence analysis   ,  766 – 7   
 iodine uptake tests   ,  765   
 and thyroid cancer   ,  767 – 8   
 thyroid scintigraphy and 

ultrasonography   ,  765 – 6    
 Linoleic acid   ,  255   
 Liothyronine (T 3 )   ,  1012   
 Lipid peroxidation (LP)   ,  489   ,  644   ,  646   , 

 879   ,  880   
 Lipoperoxidation rate and catalase activity, 

in normal and tumoral mammary 
glands   ,  253   

 Liquid chromatography (LC)   ,  23   ,  291 
   see also   High-performance liquid 

chromatography:   
 Liquid-phase iodine migration, through 

soil   ,  112  
 fi eld observations   ,  112   
 oxic – anoxic boundaries, effects of   , 

 112 – 13    
 Lithium, in thyroid cancer treatment   , 

 1001   ,  1003 – 4  
  131 I, in thyroid tissue:  

 optimization of retention   ,  1002 – 3   
 optimization of uptake   ,  1002    

 radioactive iodine (RAI) treatment, 
approaches of   ,  1001 – 2    

 Litoral North   ,  1191   ,  1197  
 endemic goiter   ,  1198   
 iodine intake   ,  1198    

 Litoral South   ,  1191   ,  1198  
 endemic goiter   ,  1199   
 iodine intake   ,  1199    

 Liver   ,  155   ,  195   ,  276   ,  437   ,  491   ,  600   
 Liver cancer   ,  982 – 3   ,  984   
 Living food eaters   ,  432   
 Local lymph node metastases   ,  1009 – 10   
 Log iodine creatinine ratio   ,  1150   
 Logistic regression analysis   ,  1214   ,  1216   , 

 1218   
 Long-term cure rates   ,  946   

 Lophlex   ,  386   
 Lophlex LQ   ,  386   ,  388   
 Los Alamos National Laboratory   ,  290   
 Low-density lipoprotein (LDL)   ,  754   , 

 1065   ,  1068   
 Low-fat milk   ,  346   ,  525   
 Low-fat plain yogurt   ,  524   
 Low-iodine diet (LID)   ,  552   ,  559   ,  592   ,  957  

 benefi t of, evidence for   ,  958 – 60   
 in combination with rTSH and thyroid 

hormone replacement   ,  960   
 content of   ,  961 – 3   
 duration of   ,  960   
 impact on patients following   ,  960 – 1   
 preparations for radioiodine scans and 

therapy, and rationale for   ,  958    
 Low-T3 syndrome   ,  1076   ,  1078   ,  1079   
 LOW TRY Analog   ,  397   
 LOW TRY Glutaridon   ,  397   
 LOW TRY Maxamaid   ,  397   
 LOW TRY Maxamum   ,  397   
 LP   ,  see   Lipid peroxidation (LP)   
 LPO   ,  see   Lactoperoxidase (LPO)   
 Lugol’s iodine   ,  135   
 Lung fi brosis   ,  1014 – 15   
 Lungs   ,  239   ,  260   ,  262   ,  264   ,  270   
 LVEF   ,  see   Left ventricular ejection fraction 

(LVEF)   

 Macaroni and cheese   ,  525   
 Macrobiotic diet   ,  523   
 Madin-Darby canine kidney (MDCK) 

cells   ,  235   
 Magnesium ions   ,  83   
 Magnetic resonance imaging (MRI)   ,  326   , 

 1052   ,  1104   
 Magnetic resonance spectroscopy (MRS)   , 

 625  
 basic principles   ,  628   
 brain metabolites in   ,  629 – 30   
 technique and methodology   ,  628 – 9    

 Maize   ,  155   ,  732   
 Major histocompatibility complex class II 

genes   ,  315   
 Male reproductive function   ,  1014   
 Mali, IDD in   ,  see   Iodine defi ciency 

disorders, in Mali   
 Malic enzymes   ,  618   
 Malondialdehyde (MDA)   ,  250   ,  344   ,  879   
 Mammary and prostate gland similarities   , 

 250   
 Mammary cancer induced by MNU, 

effect of I 2  on   ,  253   
 Mammary gland   ,  199   ,  202   ,  211   ,  222   , 

 250   ,  276   ,  803  
 NIS expression   ,  227  

 in breast cancer   ,  987   
 in lactating breast and breast cancer   , 

 985 – 6     
 Maple syrup urine disease (MSUD)   ,  388  

 specifi ed feeds for   ,  395 – 6    
 Maplefl ex   ,  388   ,  395   
 Marine algae   ,  3   ,  78   ,  120   ,  897   ,  898   
 Marine boundary layer (MBL)   ,  3   ,  75   
 Marine fi sh   ,  429   ,  438   
 Market Basket Survey/Study   ,  see   Total diet 

study   
 Mashed potatoes   ,  525   
 Mass fortifi cation, of iodine   ,  732 – 4   
 Mass media   ,  370   
 Mass spectrometry (MS)   ,  9   ,  21 – 3   ,  290   , 

 309   
 Maternal – fetal thyroid hormone 

metabolism, induced by excess 
iodine   ,  860 – 1   

 Maternal hypothyroidism   ,  600   ,  602   ,  617   , 
 627   ,  715   ,  860   ,  1048   ,  1114   ,  1115   , 
 1117 

   see also   Hypothyroidism   
 Maternal hypothyroxinemia   ,  405   ,  471   , 

 608   ,  612   ,  622   ,  675   ,  680   ,  683   , 
 713   ,  716   ,  1130  

 due to iodine defi ciency   ,  627 – 8   
 on CNS development   ,  714 – 15   
 and fetal neurodevelopment   ,  681 – 2    

 Maternal smoking and iodine nutrition, 
of breast-fed child   ,  278 – 9   

 Maternal thyroid failure (MTF)   ,  473   , 
 652   ,  655   ,  677   

 Maternal thyroid hormone:  
 trimester-specifi c changes in   ,  406 – 7  

 iodine nutrition implications   ,  403   , 
 407 – 8     

 Maternal thyroidectomy   ,  602   
 Maternal thyroxine   ,  470   ,  600   
 Maximum relative risk (MRR)   ,  820   
 MBL   ,  see   Marine boundary layer (MBL)   
 McCarthy scales of children’s abilities 

(MSCA)   ,  607   ,  609   
 MCD   ,  see   Mean consecutive differences 

(MCD)   
 MCF-7 cells   ,  224   ,  227   ,  228   ,  803   ,  987   
 MDA   ,  see   Malondialdehyde (MDA)   
 MDC   ,  see   Minimum detectable 

concentration (MDC)   
 MDCK cells   ,  see   Madin-Darby canine 

kidney (MDCK) cells   
 MDG   ,  see   Millennium Development 

Goals (MDG)   
 MDI   ,  see   Mildly defi cient iodine intake 

(MDI)   
 Meals, iodine content in   ,  416   
 Mean consecutive differences (MCD)   , 

 1105   
 Meat   ,  438   ,  525  

 and poultry   ,  962    
 Meat iodine   ,  162   
 Median urinary iodine (MUI) excretion   , 

 630   ,  881   ,  1181   ,  1213  
 and papillary thyroid carcinoma   ,  1218    
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 Medical and health professionals   ,  368   
 Medical literature, evaluating 

premedication regimens   ,  922   
 Medicines monitoring unit (MEMO)   , 

 66   ,  67   
 Medullary thyroid cancer (MTC)   ,  983   
 Megalin   ,  58   
 MEMO   ,  see   Medicines monitoring unit 

(MEMO)   
 Memorial Sloan – Kettering Cancer Center 

(MSKCC)   ,  1013   
 Mental retardation (MR)   ,  384   ,  404   ,  488   , 

 626   ,  635  
 and iodine   ,  636 – 7    

 Mercury   ,  30   
 Messenger ribonucleic acid (mRNA)   ,  208   , 

 212   ,  216   ,  237   ,  541   ,  552   ,  637   , 
 862   ,  1062   

 Metabolic capacity   ,  1096 – 7   
 Metabolic syndrome and hypothyroid 

state   ,  1068   
 Metabolism of iodine   ,  193   ,  201  

 high bromide intake effects, in lactating 
rat dams on   ,  201 – 3   

 and parenteral nutrition   ,  371  
 brain development and thyroxine   , 

 377 – 8   
 Cochrane reviews   ,  375   
 iodinated contrast media   ,  376   ,  

377   
 iodinated skin disinfectants   ,  376 – 7   
 iodine balance and parenterally fed 

preterm infants   ,  373 – 5   
 iodine excess   ,  375 – 6   
 iodine insuffi ciency   ,  375   
 obstetric and neonatal units, UK use 

of iodine in   ,  377   
 requirements   ,  372 – 3   
 transient hypothyroxinemia and 

preventative strategies   ,  378     
 Metabolism of iodine, bromide 

interference with   ,  see   Excessive 
inorganic bromide, goitrogenic 
and whole-body effects of   

 Metaiodobenzylguanidine (MIBG)   ,  751   , 
 967   

 Methimazole (MMI)   ,  241   ,  306  
 and PTU, complications of   ,  950    

 Methimazole   ,  see   Thiamazole   
 Methyl bromide   ,  588   
 Methyl iodide   ,  75   ,  83   ,  88   ,  94   ,  114   ,  115   
 Methylmalonic acidemia and proprionic 

academia   ,  389   ,  396   
 MIBG   ,  see   Metaiodobenzylguanidine 

(MIBG)   
 Michigan, iodine prophylaxis in   ,  773   
 Mild iodine defi ciency   ,  202   ,  404   ,  414   , 

 469   ,  474   ,  534   ,  561   ,  874   ,  1130   , 
 1171   ,  1228   ,  1234   ,  1243   ,  1247   , 
 1251   ,  1254   ,  1255   ,  1269  

 extrathyroidal response mechanisms   , 
 564   

 intrathyroidal response mechanisms   , 
 562 – 4    

 Mild-to-moderate iodine defi ciency   ,  59   , 
 423   ,  427   ,  450   ,  462   ,  626   ,  860   , 
 1073   ,  1078   ,  1139   ,  1140   ,  1227   , 
 1251   

 Mildly defi cient iodine intake (MDI)   , 
 1213   ,  1214   ,  1216   

 Milk   ,  176   ,  279   ,  335   ,  336   ,  429   ,  438   ,  525   , 
 1148   ,  1229   ,  1235   ,  1243   ,  1246  

 cow’s milk   ,  163   ,  284   ,  333   ,  334   ,  429   , 
 776   ,  813   ,  815   ,  961   

 and dairy products   ,  345   ,  350   ,  351   
 oat milk   ,  962   
 soya milk   ,  962   
 speciation analysis of iodine in   ,  146   
 thiocyanate and iodine in   ,  276 – 7  
   see also   Mother’s milk   ;  Breast milk   

 Milk iodine   ,  146   ,  153   ,  160   ,  162 – 3   ,  1235   
 Millennium Development Goals (MDG)   , 

 1124   
 Minaphlex   ,  386   ,  387   
 Mineralized iodine waters:  

 and complex treatment applications   , 
 339 – 40   ,  341   

 and therapeutic use in health resorts:  
 antioxidative effect, of iodine   ,  343 – 4   
 complex treatment applications   , 

 339 – 40   
 for drinking treatments   ,  339 – 40   
 extrathyroidal effect, of iodine 

treatment   ,  343   
 iodine defi ciency goiters, prophylaxis 

and treatment of   ,  341   
 thyroid disturbance, risk of causing   , 

 341 – 3   
   see also   Drinking water, iodine nature in   

 Minimum detectable concentration 
(MDC)   ,  33   

 Missense mutations   ,  236   
 MMA/PA express   ,  396   
 MMA/PA gel   ,  396   
 MNG   ,  see   Multinodular goiter (MNG)   
 Moderate iodine defi ciency   ,  473   ,  509   , 

 564   ,  1179   ,  1182   
 Molecular iodine   ,  11   ,  12   ,  76   ,  88   ,  172   , 

 249   ,  743   ,  802  
 placebo-controlled human effi cacy trials 

with   ,  804 – 6   
 vs. iodine   ,  803 – 4    

 Mondini cochlea   ,  238   
 Monoclonal antibodies   ,  967   
 Monoiodothyronine   ,  193   ,  233   ,  540   ,  

890   
 Monoiodotyrosine   ,  40   ,  139   ,  147   
 Monte Carlo (MC) simulations   ,  33   ,  263   , 

 264   
 Montomorillonite   ,  97   

 More than adequate and excessive iodine 
intake:  

 and autoimmune thyroiditis (AIT)   ,  1216   
 and hypothyroidism incidence   , 

 1214 – 16   ,  1216 – 17    
 More than adequate iodine intake (MAI)   , 

 1213   ,  1214   ,  1216   ,  1218   
 Mother’s milk   ,  199   ,  479   ,  589  

 bromide transfer through   ,  see   Bromide 
transfer through mother’s milk   

 dietary bromide infl uence:  
 in elemental composition   ,  201   
 in production rate   ,  203    

 iodine content   ,  479   
 iodine transfer   ,  200  

 bromide infl uence   ,  199   
   see also   Breast milk   ;  Human milk   

 Motoneurons:  
 function   ,  1089   
 structure   ,  1088 – 9    

 Motor units:  
 classifi cation of   ,  1088   
 thyroid hormone effects on   ,  1098    

 Movement disorders:  
 in hypothyroidism   ,  710   
 in TTX   ,  707    

 MR   ,  see   Mental retardation (MR)   
 MRI   ,  see   Magnetic resonance imaging 

(MRI)   
 mRNA   ,  see   Messenger ribonucleic acid 

(mRNA)   
 MRR   ,  see   Maximum relative risk (MRR)   
 MRS   ,  see   Magnetic resonance 

spectroscopy (MRS)   
 MSCA   ,  see   McCarthy scales of children’s 

abilities (MSCA)   
 MSKCC   ,  see   Memorial Sloan – Kettering 

Cancer Center (MSKCC)   
 MSUD   ,  see   Maple syrup urine disease 

(MSUD)   
 MTC   ,  see   Medullary thyroid cancer 

(MTC)   
 MTF   ,  see   Maternal thyroid failure (MTF)   
 MUC1 promoter   ,  984   
 MUI excretion   ,  see   Median urinary iodine 

(MUI) excretion   
 Multi-mineral tablets   ,  431   ,  525   
 Multinodular goiter (MNG)   ,  323   ,  327   , 

 555   ,  1231 
   see also   Toxic adenoma and toxic 

multinodular goiter   
 Multi-nutrient tablets   ,  431   
 Multiple dose and chronic toxicity   ,  913   
 Multiple endocrine neoplasia (MEN) 

type   ,  2   ,  326   
 Multiple myeloma   ,  984   
 Muscle, T3 and T4 in   ,  562   
 Muscle wasting   ,  616   
 MX02-CLN-04   ,  804 – 5   
 MX02-CLN-05   ,  807   
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 MX02-CLN-07   ,  807   
 MX02-CLN-09   ,  807   
 Myasthenia gravis (MG)   ,  707   
 Myelogenesis   ,  478   
 Myocardial imaging   ,  751   
 Myoinositol   ,  629   
 Myokymia   ,  1106   
 Myopathy:  

 in hyperthyroidism   ,  705 – 6   
 in hypothyroidism   ,  708 – 9    

 Myosin cross-bridge cycling, rates of   ,  1096   
 Myosin heavy chain content and fi ber 

cross-sectional area   ,  1091 – 2   
 Myosin heavy chain isoforms, expression 

of   ,  1092 – 3   
 Myosin heavy chains (MHC)   ,  1075   ,  1088   
 Myxedema coma   ,  1044   
 Myxedematous cretinism   ,  687 – 8   ,  688   , 

 1049   

  N (G)-monomethyl-l-arginine (l-NMMA)   , 
 1065   

  N , N -dimethylaniline   ,  9   
  N -methyl- N -nitrosourea (MNU)   ,  253   
 N-3 fatty acids   ,  521   
  N -acetyl aspartate (NAA)   ,  625   ,  629 – 30  

 thyroxine therapy effects on   ,  632 – 3    
  N -acetylaspartylglutamate   ,  629   
  N -bromosuccinimide   ,  744   ,  745   
  N -chloroamides   ,  743 – 4   
  N -chlorosuccinimide   ,  7   ,  744   
  N -halosuccinimides   ,  744 – 5   
 N-terminal pro – brain natriuretic peptide 

(NT-pro-BNP)   ,  1083   
 N 2  – O 6  dibutyryl cAMP (DBcAMP)   ,  307   
 Na/Ca exchanger (NCX)   ,  1075   
 Na/K ATPase   ,  1075   
 NAA   ,  see   Neutron activation analysis 

(NAA)   
 NADH   ,  see   Nicotinamide adenine 

dinucleotide reduced (NADH)   
 NADH-ubiquinone oxidoreductase   ,  300   
 NADPH-cytochrome c reductase   ,  311   
 NADPH-oxidase   ,  57   
 National Academy of Clinical 

Biochemistry (NACB)   ,  1218   
 National Board of Health   ,  1161   
 National Danish schoolchildren survey, 

goiter prevalence in   ,  1160   
 National Food Agency   ,  1159   ,  1161   
 National Food Institute   ,  see   Danish 

National Food Agency   
 National Goiter Control Program 

(NGCP)   ,  see   National Iodine 
Defi ciency Disorders Control 
Program (NIDDCP)   

 National Health and Nutrition 
Examination Surveys (NHANES)   , 
 284   ,  1027   ,  1028   ,  1131   

 National Health Service   ,  1151   

 National institute of standards and 
technology (NIST)   ,  666   

 National Iodine Day   ,  1224   
 National Iodine Defi ciency Disorders 

Control Board (NIDDCB)   ,  1224   , 
 1225   

 National Iodine Defi ciency Disorders 
Control Program (NIDDCP)   , 
 1222   ,  1224   ,  1225   ,  1272   ,  1277   

 National Program against Iodine 
Defi ciency Disorders (PNCDDI)   , 
 1208   

 National Program for Prevention and 
Control of Iodine Defi ciency 
Disorders (Pr ó -Iodo)   ,  1208 – 9   

 National Research Council (NRC)   ,  291   
 National salt iodization programs   ,  365   
 National strategy for elimination of iodine 

defi ciency disorders in Bulgaria   , 
 see   Iodine nutrition, in Bulgaria   

 Natrium-iodine symporter (NIS)   ,  57   
 Natural iodine   ,  30   
 NBAS   ,  see   Neonatal behavioural 

assessment scale (NBAS)   
  Necator americanus    ,  504   ,  507   
 Nefazodone hydrochloride   ,  189   
 Neonatal behavioural assessment scale 

(NBAS)   ,  659 – 60   
 Neonatal brain, hypothyroidism due to 

iodine defi ciency in:  
 hypothyroxinemia and iodine 

defi ciency   ,  626 – 8   
 magnetic resonance spectroscopy 

(MRS)   ,  625   ,  628  
 basic principles   ,  628   
 brain metabolites in   ,  629 – 30   
 for intrauterine iodine defi ciency 

examination   ,  630 – 2   
 methodology   ,  628 – 9    

 major cerebral metabolites   ,  632 – 3    
 Neonatal hypothyroidism   ,  604  

 in India   ,  1274    
 Neonatal TSH and endemic goiter, 

relationship between   ,  1183   
 Neonates   ,  469  

 excess of iodine   ,  482   
 with hypothyroidism:  

 thyroid hormone levels of   ,  631    
 iodine defi ciency and thyroid function 

in   ,  479   
 iodine requirements in   ,  478   
 in negative iodine balance   ,  481   
 preterm babies, iodine defi ciency in   , 

 481 – 2   
 thyroid function:  

 protocols for monitoring   ,  483    
 thyroid hormones role   ,  478  

 in human central nervous system   , 
 478     

 Neoplastic glands, iodine in   ,  253 – 5   

 Neuroendocrine model, of heart failure   , 
 1074 – 5   

 Neuroendocrine tumors   ,  984   
 Neurological cretinism   ,  599   ,  601 – 2   ,  616   , 

 687   ,  688   ,  690   ,  1049   
 Neuromuscular junction (NMJ)   ,  1088  

 function   ,  1090 – 1   
 structure   ,  1089 – 90    

 Neuromuscular transmission failure 
(NMTF)   ,  1090   ,  1091   

 Neuro-ophthalmological dysfunction, in 
relation to thyroid disease and 
iodine   ,  see   Hypothyroidism: ocular 
aspects   

 Neutron activation analysis (NAA)   ,  12   , 
 19 – 21   ,  177 – 80   ,  444   ,  666   

 New Guinea, iodization in   ,  773 – 4   
 New York Heart Association (NYHA)   , 

 1079   ,  1082   
 New Zealand, iodine status in   ,  685   ,  898   , 

 1228 – 30   ,  1251 – 7   ,  1262   ,  1263  
 in 1940s – 1980s   ,  1254   
 etiology of iodine defi ciency in   ,  1256  

 pre-1940   ,  1256   
 pre-1940   ,  1256    

 iodine intake   ,  1251  
 from dairy foods   ,  1252 – 3   
 from iodized salt   ,  1252   
 post-1990s   ,  1253    

 possible solutions   ,  1256 – 7   
 post-1990   ,  1254 – 6  

 adults   ,  1254   
 infants and children   ,  1254 – 5   
 pregnant women   ,  1255 – 6    

 pre-1940   ,  1253 – 4    
 New Zealand Total Diet Survey 

(NZTDS)   ,  1252   ,  1253   
 Newborns, iodine nutrition in   ,  477 – 82   
 NGO   ,  see   Nongovernment organization 

(NGO)   
 Niacin   ,  521   
 Nicotinamide adenine dinucleotide 

reduced (NADH)   ,  916   
 NIDDCB   ,  see   National Iodine Defi ciency 

Disorders Control Board 
(NIDDCB)   

 NIDDCP   ,  see   National Iodine Defi ciency 
Disorders Control Program 
(NIDDCP)   

 NIS   ,  see   Sodium iodide symporter (NIS)   
 NIS-mediated radioiodide therapy   ,  979  

 alternative radionuclides application   , 
 984 – 5   

 in mammary gland and possible 
relevance:  

 lactating breast and breast cancer   , 
 985 – 6    

 therapeutic gene   ,  981 – 2   
 thyroid cancer:  

 radioiodine treatment for   ,  981    
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NIS-mediated radioiodide therapy 
(continued )

 and tumor therapy   ,  981   
 tumorselective gene transfer:  

 colon and medullary thyroid cancer   , 
 983   

 liver cancer   ,  984   
 MUC1 promoter   ,  984   
 multiple myeloma   ,  984   
 neuroendocrine tumors   ,  984   
 prostate cancer   ,  983    

 unselective gene transfer:  
 glioma   ,  982   
 liver cancer   ,  982 – 3   
 thyroid cancer   ,  982   
 tumor models   ,  982     

 NIS regulatory pathways in thyroid and 
breast cancer   ,  see   Endogenous 
sodium iodide symporter 
expression   

 NIS upstream enhancer (NUE)   ,  222   ,  223   
 NIST   ,  see   National institute of standards 

and technology (NIST)   
 Nitisinone 2-(2-nitro-4-

trifl uoromethylbenzoyl)-1,3-
cyclohexanedione   ,  394   

 Nitrate   ,  288   ,  1174   
 Nitric oxide (NO)   ,  1063   ,  1065   
 Nitric oxide synthase (NOS)   ,  1063   ,  1065   
 Nitrogen   ,  83  

 urinary excretion of   ,  433    
 NMJ   ,  see   Neuromuscular junction (NMJ)   
 NMTF   ,  see   Neuromuscular transmission 

failure (NMTF)   
 NO-donor S-nitroso- N -acetyl- d ,  l -

penicillamine (SNAP)   ,  218   
 NOD.H2 h4  mice   ,  320   
 NOEL   ,  see   Non-observable effect level 

(NOEL)   
 Nonendemic goiter   ,  233  

 papillary:follicular carcinoma ratio   ,  515    
 Nongoitrous children, with normal UI 

levels plus mild iodine defi ciency 
(NMID-C)   ,  491   

 Nongovernment organization (NGO)   , 
 724   

 Non-intended radiation exposure to 
patient, risks associated with   ,  969  

 cancer induction, risks of   ,  969 – 70   
 infertility, gonadal failure and genetic 

effects   ,  970 – 1    
 Noniodinated thyronine (T0)   ,  316   
 Noniodine-avid tumor   ,  1020   
 Nonionic contrast media   ,  929   
 Nonionic dimers   ,  920   
 Non-observable effect level (NOEL)   ,  157   , 

 164   ,  913   
 Nonradioactive iodine ( 127 I)   ,  958   
 Nonthyronine pharmacologic activity   ,  802  

 iodinated lipids (ILs)   ,  802 – 3   

 mammary tissue:  
 iodide, studies with   ,  803   
 iodide vs. molecular iodine (I 2 )   , 

 803 – 4     
 Nordic nationwide nutrition surveys   , 

 1140   
 Nori   ,  897   
 Normal pregnancy:  

 thyroid function in   ,  405   ,  676  
   see also   Pregnancy   

 Normal-tension glaucoma (NTG)   ,  1108   
 Northwest (NOA) region, in Argentina   , 

 1191   ,  1192  
 endemic goiter   ,  1199   
 iodine intake   ,  1199 – 200    

 Norway   ,  1140  
 iodine intake studies in   ,  347   ,  348   
 iodine nutrition in   ,  350 – 1    

 Norwegian Food Composition Table 
(2006)   ,  24   ,  345   

 Norwegian perspectives:  
 foods and diets, iodine content of:  

 dietary iodine intake, in children   , 
 349   

 dietary sources, of iodine   ,  345 – 7   
 iodine nutrition   ,  347 – 9   ,  350 – 1   
 iodine recommendations   ,  347   
 thyroid disorders   ,  349 – 50     

 NOS   ,  see   Nitric oxide synthase (NOS)   
 Nose breathers vs. mouth breathers   ,  261   
 NRC   ,  see   National Research Council 

(NRC)   
 NTG   ,  see   Normal-tension glaucoma 

(NTG)   
 Nuclear magnetic resonance   ,  244   
 Nucleophilic substitution   ,  746 – 7   
 NYHA   ,  see   New York Heart Association 

(NYHA)   
 NZTDS   ,  see   New Zealand Total Diet 

Survey (NZTDS)   

 Oarweed   ,  76   
 Obstetric and neonatal units, UK use of 

iodine in   ,  377   
 Occam’s razor rule   ,  306   
 Ocean life   ,  120   
 Oculotoxicity   ,  913 – 14   
 Odds ratio (OR)   ,  1174   
 OGG1   ,  see   8-oxoguanine DNA 

glycosylase   
 oHGD   ,  see   Overt hyperthyroidism in 

Graves ’  disease (oHGD)   
 Ohio State University (OSU)   ,  1008   ,  1009   
 oHTA   ,  see   Overt hyperthyroidism in 

thyroid autonomy (oHTA)   
 OMIM   ,  see   Online Mendelian inheritance 

in man (OMIM)   
 Omnivorous diet, iodine content of   , 

 524 – 5   
 On-column analyte focusing   ,  7   

 On-column matrix elimination 
techniques   ,  7   

 Online Mendelian inheritance in man 
(OMIM)   ,  237   

 Ophthalmoplegia   ,  1103   ,  1109   
 Optical emission spectrometry   ,  22   
 Optimal iodine nutrition:  

 iodized salt for   ,  1173 – 4   
 World Health Organization daily 

intake   ,  761    
 ORD   ,  see   Outer ring deiodination (ORD)   
 Organic iodine   ,  4   ,  89   ,  140   
 Organic  N -iodo compounds   ,  743   
 Organifi cation   ,  233   
 Organs and tissues:  

 iodide uptake   ,  590 – 1    
 Osteoarthritis deformans endemica   ,  692   
 OSU   ,  see   Ohio State University (OSU)   
 OTC   ,  see   Over-the-counter (OTC)   
 Outer ring deiodination (ORD)   ,  299   
 Over-the-counter (OTC)   ,  805   
 Overt hyperthyroidism (OH)   ,  452   ,  794   , 

 893   ,  1113   ,  1118  
 after iodine fortifi cation of salt   ,  1165 – 6   
 in GD family members   ,  1217 – 18  
   see also   Hyperthyroidism   

 Overt hyperthyroidism in Graves ’  disease 
(oHGD)   ,  820   ,  821   

 Overt hyperthyroidism in thyroid 
autonomy (oHTA)   ,  820   ,  821   

 Overt hypothyroidism   ,  807   ,  1034   ,  1065   , 
 1113   ,  1214   ,  1215  

 after iodine fortifi cation of salt   ,  1166    
 Overt thyroid disease   ,  807   
 Oxic – anoxic boundaries, effects of   , 

 112 – 13   
 Oxic soils, migration in   ,  113   
 Oxidative agents:  

 chemical oxidants   ,  745   
 electrochemical oxidation   ,  745   
  N -chloroamides   ,  743 – 4   
  N -halosuccinimides   ,  744 – 5   
 peracids   ,  745   
 peroxidases   ,  745    

 Oxidative damage   ,  487  
 iodine defi ciency:  

 animal studies   ,  489 – 91   
 human studies   ,  491 – 2   
 and thyroid malignancy   ,  492 – 4    

 oxidative stress:  
 and thyroid gland   ,  488 – 9   
 and thyroid hormones   ,  489     

 Oxidative DNA damage, markers of   , 
 552 – 4   

 Oxytocin   ,  210   ,  211   ,  221   ,  222   ,  224   ,  225   , 
 227   

 P2495   ,  319   
 PAHO   ,  see   Pan American Health 

Organization (PAHO)   
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 Painful goiters   ,  324   
 Paired-domain containing transcription 

factor-8 (Pax-8)   ,  223   
 Pampa H ú meda   ,  1191   ,  1192   ,  1195   ,  1196  

 endemic goiter   ,  1195   
 iodine intake   ,  1195 – 6    

 PAN   ,  see   Peroxyacetyl nitrate (PAN)   
 Pan American Health Organization 

(PAHO)   ,  1179   
 Pancakes   ,  525   
 Papillary carcinoma   ,  58   ,  515   ,  516   ,  867   
 Papillary microcarcinoma   ,  513   ,  516   ,  1009   
 Papillary thyroid cancer (PTC)   ,  1218   
 Papillary:follicular carcinoma ratio:  

 in endemic goiter   ,  515   
 in nonendemic goiter   ,  515    

 PAPS   ,  see   3 � -phosphoadenosine 5 � -
phosphosulfate   

 Papua New Guinea   ,  600   ,  616   ,  773   ,  1230   
 Parafollicular cells   ,  40   
 Parameter sensitivity analysis:  

 for 3-month-old infants and 1-year-old 
children   ,  267 – 8   

 for 5- and 10-year-old children   ,  266 – 7   
 for 15-year-old adolescents   ,  266   
 for adults   ,  266    

 Parasitosis:  
 iron and iodine defi ciency   ,  499   ,  504 – 9  

 fortifi cation   ,  509     
 Parenteral nutrition and iodine 

metabolism   ,  see   Metabolism of 
iodine: and parenteral nutrition   

 Parietal white matter (PWM)   ,  630   ,  631   , 
 632   

 Parotid glands   ,  186   
 Particle mass density   ,  263   ,  266   
 Particle shape factor   ,  263   
 Particulate deposition, in respiratory tract   , 

 259   ,  260  
 comparison of results with 

investigators   ,  268   
 experimental results of investigators:  

 regional deposition comparison   , 
 268 – 9   

 total lung deposition comparison to   , 
 270 – 1    

 extrathoracic region fractional 
deposition   ,  262   

 inhalability   ,  261 – 2   
 nose breathers versus mouth breathers   , 

 261   
 parameter distributions   ,  262  

 aerodynamic diameter   ,  262 – 3   
 anatomical dead space   ,  264   
 breathing rate (BR)   ,  263 – 4   
 bronchiole, diameter of   ,  263   
 functional residual capacity (FRC)   , 

 264   
 particle mass density   ,  263   
 particle shape factor   ,  263   

 terminal bronchiole, diameter of   , 
 263   

 trachea, diameter of   ,  262   
 wind speed   ,  262    

 parameter sensitivity analysis   ,  266  
 for 3-month-old infants and 1-year-

old children   ,  267 – 8   
 for 5- and 10-year-old children   , 

 266 – 7   
 for 15-year-old adolescents   ,  266   
 for adults   ,  266    

 regional deposition comparison 
to theoretical results of other 
investigators   ,  269 – 70   

 regional deposition fraction, 
uncertainty of   ,  264  

 compartmentalized deposition 
fraction   ,  265   

 ICRP estimates of deposition 
fraction, comparison to   ,  265   

 particulate deposition, factors 
infl uencing estimates of   ,  265   

 particulate deposition’s infl uence on 
radiation dose to respiratory tract   , 
 265   

 trends demonstrated via particulate 
deposition   ,  265    

 thoracic region fractional deposition   , 
 262   

 total lung deposition:  
 comparison to experimental results 

of other investigators   ,  270 – 1   
 comparison to theoretical results of 

other investigators   ,  271 – 2     
 Particulate iodine   ,  90   ,  143   
 Partitioning, to gaseous phase:  

 iodine transfer   ,  114 – 16    
 Parts per million (ppm)   ,  80   ,  628   ,  629   , 

 847   
 Patagonia Andina:  

 endemic goiter   ,  1193   ,  1194   
 iodine intake   ,  1195    

 Patagonia Atl á ntica   ,  1192  
 endemic goiter   ,  1193   
 iodine intake   ,  1193    

 Pathogenic thyroglobulin (Tg) peptides:  
 containing iodotyrosyls   ,  317 – 18   
 containing primary hormonogenic 

sites   ,  316 – 17    
 Patient-specifi c prognostic factors:  

 age at diagnosis   ,  1008 – 9   
 gender   ,  1009    

  Pax8    ,  211 – 12   ,  238   
 PCBE   ,  see   Program against Endemic 

Goiter (PCBE)   
 PCBs   ,  see   Polychlorinated biphenyls (PCBs)   
 PCDDs   ,  see   Polychlorinated dibenzo- p -

dioxins (PCDDs)   
 PCDFs   ,  see   Polychlorinated dibenzofurans 

(PCDFs)   

 PCR   ,  see   Polymerase chain reaction (PCR)   
  PDS/SCL26A4  gene   ,  234   ,  235   
 Pediatric parenteral nutrition   ,  372   
 Pendred’s syndrome   ,  231   ,  981   ,  992  

 candidate alternative apical iodide 
transporters   ,  237   

 clinical presentation   ,  234   
 history and defi nition   ,  233 – 4   
 iodide effl ux, at apical membrane   ,  233   
  PDS/SCL26A4  gene   ,  234   ,  235   
 pendrin:  

 in inner ear   ,  238 – 9   
 in kidney   ,  238   
 protein structure   ,  235   
 in tissues   ,  239    

 pendrin in thyroid cells:  
 function   ,  235 – 6   
 questions concerning   ,  237   
 regulation   ,  237 – 8    

 pendrin mutations, functional 
consequences of   ,  236   ,  237    

 Pendrin   ,  57  
 in inner ear   ,  238 – 9   
 in kidney   ,  238   
 mutations   ,  236   ,  237   
 protein structure   ,  235   
 in thyroid cells:  

 function   ,  235 – 6   
 questions concerning   ,  237   
 regulation   ,  237 – 8    

 in tissues   ,  239    
 Peracids   ,  745   
 Perchlorate   ,  219   ,  233   ,  250   ,  251   ,  283   , 

 287   ,  288   ,  305   ,  306   ,  542   ,  544   , 
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 and iodate, in water   ,  291 – 3   
 methods for detection   ,  288 – 9   
 modern era   ,  289 – 90   
 premodern era   ,  288 – 9   
 recent advances   ,  290 – 1   
 test   ,  233    

 Perinetti, H é ctor   ,  1192   
 Perithyroidal tissues, invasion of   ,  1009   
 Peroxidase-inhibiting goitrogens   ,  777   
 Peroxidases   ,  343   ,  745   
 Peroxiredoxins (PRDX)   ,  552   
 Peroxisome proliferator-activated receptor 

(PPAR)   ,  255   
 Peroxisome proliferator-activated receptor-

 γ  (PPAR γ )   ,  227   
 Peroxyacetyl nitrate (PAN)   ,  80   
 Pescetarian   ,  522   ,  523   
 PET   ,  see   Positron emission tomography 

(PET)   
 Phenobarbitone   ,  49   
 Phenylalanine hydroxylase   ,  384   ,  385   
 Phenylketonuria   ,  384 – 9   ,  394   
 Phenytoin   ,  49   
 Philippines   ,  366  

 IDD in   ,  1231    
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 Phlexy-10 System   ,  385   ,  389   
 Phlexy-Vits   ,  389   
 Phosphatidylcholine   ,  629   
 Phosphocholine   ,  629   
 Phosphoinositide-3 kinase (PI3K)   ,  224   
 Phospholamban   ,  1063   ,  1075   
 Phosphorus   ,  22   ,  83   
 Photoelectric absorption   ,  30   ,  31   ,  32   
 Photolysis and gas-phase iodine chemistry   , 

 76 – 8   
 Physiological goiters   ,  326   
 Pigs   ,  153   ,  154  

 iodine and thyroid hormone status   , 
 164   ,  165    

 Pigs fed iodine antagonists, growth 
response of   ,  157 – 8   

 PII   ,  see   Plasma inorganic iodine (PII)   
 PK-Aid-4   ,  389   
 PKA   ,  see   Protein kinase-A (PKA)   
  PLAB    ,  994   
 Placenta   ,  211 – 12   
 Placenta-derived cells, NIS expression in   , 

 228   
 Plant uptake and soil iodine 

concentration   ,  113 – 14   
 Plants, iodine content of   ,  155   
 Plasma and different tissues, T4 and T3 in:  

 iodine defi ciency, adaptation to   , 
 559 – 66    

 Plasma analytes   ,  see   Thyroid status 
determination, plasma analytes for   

 Plasma catalase   ,  343   
 Plasma glutathione peroxidase (pGpx)   , 

 489   ,  686 – 7   
 Plasma inorganic iodine (PII)   ,  471   
 Plasma test, of thyroid function   ,  40   
 Platinum   ,  30   ,  174   
 Plummer’s disease   ,  874   
 PMA   ,  see   Postmenstrual age (PMA)   
 PNCDDI   ,  see   National Program against 

Iodine Defi ciency Disorders 
(PNCDDI)   

 POAG   ,  see   Primary open angle glaucoma 
(POAG)   

 Poland, salt iodization in   ,  see   Salt 
iodization: in Poland   

 Polarography   ,  11   
 Policy implications, based on natural 

experiment   ,  786   
 Polish model, of iodine prophylaxis   ,  813   
 Politicians and ministerial health staff   , 

 366 – 7   
 Pollotarian   ,  522   ,  523   
 Poly(ethylene glycol)   ,  8   ,  9   
 Polychlorinated biphenyls (PCBs)   ,  295  

 circulating iodine containing thyroid 
hormones, effect on:  

 mechanisms of action   ,  297 – 300   
 thyroid hormone concentrations, 

changes in   ,  296 – 7     

 Polychlorinated dibenzofurans (PCDFs)   , 
 295   ,  296   

 Polychlorinated dibenzo- p -dioxins 
(PCDDs)   ,  295   ,  296   

 Polymerase chain reaction (PCR)   ,  862   
 Polyoma virus middle T antigen (PyVT)   , 

 224   
 Polystyrene – divinylbenzene matrix   ,  7   
 Polyunsaturated fatty acids   ,  255   
 Population iodine statistics and iodine 

status   ,  411  
 comprehensive assessment, in Leipzig   , 

 415 – 19   
 current global status   ,  414   
 in different age groups   ,  414   
 for individual status   ,  419   
 statistical considerations   ,  413   
 thyroid diseases:  

 risk factors   ,  412 – 13    
 WHO requirement, achieving   ,  414 – 15    

 Population surveys, to assess iodine status 
in Tasmania   ,  1236  

 evaluation of survey fi ndings   ,  1238  
 dietary sources of iodine   ,  1243   
 geographical location   ,  1241 – 3   
 socioeconomic status   ,  1240 – 1   
 urinary iodine concentrations   , 

 1239 – 40    
 implications   ,  1243  

 fortifi cation and monitoring, 
importance of   ,  1247 – 8   

 geographical region, socioeconomic 
status, diet and gender, 
associations with   ,  1245 – 7   

 improvement following fortifi cation   , 
 1243   ,  1245   

 reemergence of iodine defi ciency   , 
 1243    

 post-intervention surveys   ,  1237 – 8   
 pre-intervention surveys   ,  1237   
 sample collection and urinary iodine 

measurements   ,  1238    
  Porphyra  sp.   ,  898   
 Positioning, in XRF measurements   ,  33 – 4   
 Positron emission tomography (PET)   ,  440   
 Postcolumn reaction   ,  291  

 detection   ,  6   ,  7    
 Postmenstrual age (PMA)   ,  480   
 Postpartum hypothyroidism   ,  1030   
 Postpartum thyroiditis (PPT)   ,  1027   , 

 1120   ,  1213   ,  1216   
 Postsurgical  131 I remnant ablation   , 

 1011 – 12   
 Potassium channel (KCNJ10)   ,  238   
 Potassium iodate (KIO 3 )   ,  569   ,  737   ,  738   , 

 836   ,  910   ,  1174   ,  1207   
 Potassium iodide (KI)   ,  147   ,  171   ,  180   , 

 253   ,  474   ,  569   ,  571   ,  734   ,  737   , 
 812   ,  818   ,  836   ,  910   ,  924   

 Potatoes   ,  24   ,  346   ,  349   ,  438   

 Poultry   ,  24  
 excess iodine in   ,  163   
 low-iodine diet   ,  962    

 Povidone-induced hypersensitivity 
reactions   ,  924   

 Povidone-iodine (PVP-I)   ,  377  
 adverse reactions   ,  924   
 preparations   ,  924   
 and thyroid dysfunction   ,  929 – 30    

 PPAR   ,  see   Peroxisome proliferator-
activated receptor (PPAR)   

 PPAR γ    ,  see   Peroxisome proliferator-
activated receptor- γ  (PPAR γ )   

 PPT   ,  see   Postpartum thyroiditis (PPT)   
 PRDX   ,  see   Peroxiredoxins (PRDX)   
 Preanalytical variation:  

 in iodine excretion   ,  421 – 2    
 Preconcentration technique   ,  4   
 Prefecture Salt Corporation   ,  833   
 Pregnancy:  

 and breast-feeding   ,  967 – 8   
 and hypothyroidism   ,  1113  

 diagnosis   ,  1114 – 16   
 epidemiology   ,  1114   
 etiology   ,  1114   
 repercussions   ,  1116 – 18   
 treatment   ,  1118 – 20    

 dietary iodine requirements   ,  1259 – 60   , 
 1260 – 1   

 dietary recommendations for   ,  1262 – 3   
 early maternal hypothyroxinemia 

effects, in CNS development   , 
 714 – 15   

 good dietary sources   ,  1261 – 2   
 hypothyroxinemia in developed 

countries   ,  715 – 16   
 insuffi cient iodine supplementation   , 

 405 – 6   
 iodine balance   ,  472 – 3   
 iodine defi ciency:  

 clinical studies   ,  471 – 3   
 pathophysiology   ,  469 – 71    

 iodine defi ciency and 
hypothyroxinemia:  

 diagnosis   ,  716 – 17   
 options to correct   ,  717 – 18    

 iodine intakes:  
 assessment   ,  1260   
 improvement, with supplementation   , 

 1261    
 iodine requirements   ,  473   
 iodine status:  

 current studies   ,  473   
 indications   ,  404    

 iodine supplementation   ,  474  
 undesirable consequences of   ,  718 – 19    

 reduced iodine intake and iodine 
prophylaxis   ,  713   

 salt use in   ,  1262   
 thyroid function regulation   ,  405   
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 thyroid hormones   ,  403 – 4  
 increased production   ,  406   
 and iodine requirements   ,  404   
 trimester-specifi c changes   ,  406 – 8    

 thyroid parameters   ,  404   
 thyroidal activity and physiological 

changes   ,  404 – 5   
 urinary iodine excretion   ,  471 – 2    

 Pregnant animals, iodine defi ciency in   , 
 154   

 Premedication regimens:  
 medical literature evaluation   ,  922   
 role   ,  921 – 2    

 Pre-separation-neutron activation analysis 
(PS-NAA)   ,  20 – 1   

 Preterm newborns, iodine defi ciency in   , 
 481 – 2   

 Primary myxedema   ,  see   Atrophic 
thyroiditis   

 Primary open angle glaucoma (POAG)   , 
 1108   ,  1109   

 Primary thyroid lymphoma   ,  514   ,  517 – 18   , 
 867   

 Primary tumor size   ,  1009 – 11   
 Process indicator, iodine knowledge as   , 

 366   
 Processed foods, producers of   ,  368   
 Progesterone   ,  250   ,  253   
 Program against Endemic Goiter (PCBE)   , 

 1208   
 Prolactin   ,  211   ,  222   ,  227 – 8   
 Propanolol   ,  49   ,  894   
 Propylthiouracil (PTU)   ,  244   ,  306   ,  894   , 

 950   
 Prostaglandin E1 (PGE1)   ,  306   
 Prostaglandins   ,  254   
 Prostate cancer   ,  983   
 Prosthetic groups   ,  750  

 Bolton – Hunter reagent   ,  747    
 Protein energy malnutrition (PEM)   ,  1222   
 Protein kinase-A (PKA)   ,  223   
 Protein tyrosine kinases (PTKs)   ,  356   
 PTC   ,  see   Papillary thyroid cancer (PTC)   
 PTKs   ,  see   Protein tyrosine kinases (PTKs)   
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 in India   ,  365   
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 in Philippines   ,  366   ,  369   
 in South Africa   ,  366   
 in United States   ,  1133    
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iodization:  

 moving forward   ,  1126   
 partnerships   ,  1124   
 universal salt iodization (USI)   ,  1123 – 4  

 key factors   ,  1125 – 6   
 partnerships essentiality   ,  1124 – 5     

 Purifi cation:  
 labeling stability and quality control   , 

 751    

 PWM   ,  see   Parietal white matter (PWM)   
 PyVT   ,  see   Polyoma virus middle T antigen 

(PyVT)   

 Qualifi ed Iodized Salt Coverage Rate   ,  832   
 Quality of Life Development Program   , 

 1225   
 Quartz crystal microbalance (QCM) 

method   ,  23   

 Radiation dose, in XRF measurements   , 
 34 – 5   

 Radiation dose to respiratory tract, 
particulate deposition’s infl uence 
on   ,  265   

 Radiation exposure   ,  949  
 external exposure   ,  968 – 9   
 internal exposure   ,  969   
 risks with:  

 to members of the public, caregivers 
and relatives   ,  971 – 4   

 to patient   ,  969 – 71     
 Radiation protection authorities, 

recommendations of:  
 dose limits and constraints:  

 caregivers and relatives, exposure of   , 
 974 – 5   

 occupational exposure   ,  975   
 public and nonoccupational 

exposure   ,  974    
 hospitalization   ,  975 – 6   
 instructions   ,  976    

 Radiation thyroiditis   ,  1013   
 Radical reactions   ,  747   ,  749   
 Radioactive iodine (RAI)   ,  66 – 7   ,  792   ,  793   , 

 944   ,  969  
 atmospheric sources and consequences   , 

 80 – 1   
 treatment, for thyroid cancer   ,  1001 – 2   
 use in children   ,  946 – 7    

 Radioactive iodine uptake (RAIU)   ,  180   , 
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 change in, by thyroid   ,  849    
 Radioactive isotopes of iodine   ,  215   ,  966   
 Radioactive sodium iodide   ,  327   
 Radioactivity   ,  966   
 Radiobiology and 131-iodine:  

 properties   ,  966   
 radiation quantities and units   ,  966   
 and radiation sensitivity of thyroid 

gland   ,  966 – 7    
 Radiochemical analysis, of iodine:  

 gamma ray spectrometric analysis   , 
 176 – 7   

 procedure   ,  175 – 6   
 separation   ,  176  

 of iodine oxidation states   ,  176     
 Radiochemical neutron activation analysis 

(RNAA)   ,  20   ,  21   ,  664   ,  665   ,  667   
 Radiochemical purity   ,  751   

 Radiochemistry of iodine, health and 
disease relevance   ,  171  

 and nuclear properties of iodine 
isotopes   ,  174  

 isotopic exchange reactions   ,  172 – 3   
 radiation chemistry in aqueous 

solutions   ,  173   
 reactions in aqueous solutions   ,  172    

 gamma ray spectrometric analysis, of 
radioiodine   ,  176 – 7   

 iodine isotopes, production of:  
 carrier-free iodine-131   ,  174 – 5   
 iodine-120   ,  175   
 iodine-123   ,  175   
 iodine-124   ,  175   
 iodine-125   ,  175   
 radioiodine preparation, in chemical 

forms other than iodide   ,  175    
 iodine oxidation states, separation of   , 

 176   
 neutron activation analysis   ,  177 – 80   
 nuclear accident conditions:  

 radioiodine exposure protection   ,  180    
 radiochemical procedure   ,  175 – 6   
 radiochemical separation   ,  176    

 Radiocontrast agents, of iodine   ,  52 – 3   
 Radiographic contrast media   ,  889   
 Radioimmunoassays (RIA)   ,  41   ,  58   ,  204   , 

 576   
 Radioiodine   ,  171   ,  327   ,  957   ,  976   ,  1011  

 gamma ray spectrometric analysis   , 
 176 – 7   

 LID in combination with rTSH and 
thyroid hormone replacement to   , 
 960   

 NIS-mediated radioiodide therapy   ,  979   
 preparation of, in chemical forms other 

than iodide   ,  175   
 radioiodine exposure protection:  

 under nuclear accident conditions   , 
 180    

 scans and therapy   ,  958   
 treatment   ,  792 – 3    

 Radioiodine uptake, in thyroid cancer   ,  991  
 retinoids   ,  993 – 7   
 thyroid cells, iodine uptake by   ,  992 – 3    

 Radioisotopes of iodine, in thyroid:  
 radiation risk   ,  445 – 6    

 Radionuclide agents   ,  889   
 Radionuclide thyroid scans   ,  326   
 Radionuclides therapy, following NIS 

gene transfer   ,  984 – 5   
 RAI   ,  see   Radioactive iodine (RAI)   
 RAIU   ,  see   Radioactive iodine uptake 

(RAIU)   
 Raman spectroscopy   ,  289   
 Rape   ,  277   ,  732   
 RAR   ,  see   Retinoic acid receptor (RAR)   
 RAREs   ,  see   Retinoic acid response 

elements (RAREs)   
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 body weight gain   ,  203   
 dietary bromide effect:  

 in food and water consumption   , 
 202 – 3   

 in milk production   ,  203    
 high bromide intake effects:  

 and iodine metabolism   ,  201 – 2   
 during lactation period   ,  202 – 3    

 hypothyroidism induction   ,  203 – 5    
 Rat sodium iodide symporter (rNIS)   ,  209   , 

 979   
 Rat thyroid cells (PCCL3)   ,  223   ,  227   , 

 238   ,  306   
 Raw food diet   ,  522   ,  523   
 RC3/neurogranin   ,  300   ,  1052   
 rCBF   ,  see   Regional cerebral blood fl ow 

(rCBF)   
 RDA   ,  see   Recommended dietary 

allowance (RDA)   
 RDI   ,  see   Recommended daily intake 

(RDI)   
 Reactions of iodine, types of   ,  919 – 20   
 Reactive oxygen species (ROS)   ,  253   ,  488   , 

 551   ,  697   ,  879   
 Rearranged in transformation/papillary 

thyroid carcinoma (RET/PTC)   , 
 224   

 Receiver operating characteristics (ROC) 
curve   ,  1079   ,  1080   ,  1081   

 Recombinant human thyroid stimulating 
hormone (rhTSH)   ,  544   ,  545   , 
 967   ,  1002   ,  1016   ,  1019 – 20   

 Recombinant TSH (rTSH)   ,  958   ,  960   
 Recommended daily intake (RDI)   ,  17   , 

 153   ,  441   ,  483 – 4   ,  608   ,  734   ,  1260   
 Recommended dietary allowance (RDA)   , 

 162   ,  163   ,  477   ,  478   ,  686   ,  1135   , 
 1204   ,  1260   

 Recommended nutrient intake (RNI)   , 
 406   ,  1260   

 Red algae   ,  897   ,  898   
 Red seaweeds   ,  897   
 Redox factor-1 (Ref-1)   ,  223   
 Reduction – oxidation (Redox) potential 

effects   ,  110   
 Re-emergence of iodine defi ciency, in 

Tasmania   ,  1235 – 6   ,  1243   ,  1247   
 Regional cerebral blood fl ow (rCBF)   ,  754   
 Regional deposition comparison:  

 to experimental results of investigators   , 
 268 – 9   

 theoretical results of investigators   , 
 269 – 70    

 Regional deposition fraction, uncertainty 
of   ,  264  

 compartmentalized deposition fraction   , 
 265   

 estimates of particulate deposition, 
factors infl uencing   ,  265   

 ICRP estimates of deposition fraction, 
comparison to   ,  265   

 radiation dose to respiratory tract, 
particulate deposition’s infl uence 
on   ,  265   

 trends demonstrated via particulate 
deposition   ,  266    

 Regional inspectorates for protection 
and control of public health 
(RIPCPH)   ,  1170   

 Register database   ,  67  
 background   ,  67   
 backup and database security   ,  68   ,  70   
 data export   ,  70   
 evaluation results   ,  68   ,  69    

 Regulations on Salt Management   ,  830   
 Regulatory T cells (Tregs)   ,  319   
 Reindeer   ,  443   
 Relative risk (RR)   ,  820   ,  888   ,  969   
 Repeated open application test (ROAT)   , 

 924   
 Repercussions of hypothyroidism, on 

pregnancy:  
 fetal aspects   ,  1117 – 18   
 maternal aspects   ,  1116 – 17    

 Repetitive nerve stimulation (RNS)   ,  709   , 
 1105   ,  1106   

 Reproductive toxicity   ,  913   ,  915 – 16   
 RER   ,  see   Rough endoplasmic reticulum 

(RER)   
 Respiratory tract, particulate deposition 

in   ,  see   Particulate deposition, in 
respiratory tract   

 Ret oncogen (RET)   ,  517   ,  867   
 Retailers and wholesalers   ,  367   
 Retention of iodine in human body   ,  

185  
 biological half-life measurement:  

 counting effi ciency   ,  187   
 counting protocol   ,  188   
 detector systems   ,  187   
 half-life determination   ,  188 – 90   
 HML’s low-background counting 

chamber   ,  186 – 7   
 retention model   ,  190 – 1   
 uptake determination   ,  190   
 volunteers   ,  187 – 8     

 Retinoblastoma (Rb)   ,  993   
 Retinoic acid (RA)   ,  224   ,  227   ,  227   ,  861   , 

 981   ,  993   
 Retinoic acid receptor (RAR)   ,  224   ,  228   , 

 861   ,  993   
 Retinoic acid response elements (RAREs)   , 

 224   ,  861   
 Retinoid X receptors (RXR)   ,  224   ,  993   
 Retinoids:  

 clinical studies   ,  994 – 7   
  in vitro    ,  993 – 4    

 Reverse transcription-polymerase chain 
reaction (RT-PCR)   ,  209   ,  216   

 Reverse triiodothyronine (rT3)   ,  40   ,  45   , 
 52   ,  53   ,  139   ,  144   ,  378   ,  503   ,  619   , 
 620   ,  688   ,  860   ,  880   ,  888   ,  1033   , 
 1075   

 Reversed-phase ion-pair liquid 
chromatography   ,  23   

 Reversed-phase ODS column   ,  7 – 8   
 Rhabdomyolysis   ,  706   ,  709 – 10   
 RIA   ,  see   Radioimmunoassays (RIA)   
 Ribonucleic acid (RNA)   ,  208   ,  244   
 Ribosomal protein L18a (RPL18a)   ,  222   , 

 223   
 Riggs model   ,  193   
 RIPCPH   ,  see   Regional inspectorates for 

protection and control of public 
health (RIPCPH)   

 Risk factors, of iodine-induced 
hyperthyroidism:  

 age   ,  892   
 gender   ,  892   
 iodine intake, amount of   ,  892   
 iodine-defi cient regions   ,  890   
 preexisting thyroid abnormalities   , 

 890 – 2    
 Risk population groups, epidemiologic 

studies on   ,  see   Iodine nutrition, in 
Bulgaria   

 Risks of cancer:  
 after drug therapy   ,  951    

 RNA   ,  see   Ribonucleic acid (RNA)   
 RNAA   ,  see   Radiochemical neutron 

activation analysis (RNAA)   
 RNI   ,  see   Recommended nutrient intake 

(RNI)   
 rNIS   ,  see   Rat sodium iodide symporter 

(rNIS)   
 RNS   ,  see   Repetitive nerve stimulation 

(RNS)   
 ROAT   ,  see   Repeated open application test 

(ROAT)   
 Roche electrochemiluminescence 

immunoassay   ,  609   
 ROS   ,  see   Reactive oxygen species (ROS)   
 Rough endoplasmic reticulum (RER)   ,  57   
 rTSH   ,  see   Recombinant TSH (rTSH)   
 Russia   ,  108   ,  113   
 RXR   ,  see   Retinoid X receptors (RXR)   
 RyR   ,  see   Ryanodine receptor (RyR)   
 Ryanodine receptor (RyR)   ,  1093   

 S-nitroso- N -acetyl-d, l-penicillamine 
(SNAP)   ,  218   

 Salivary glands   ,  186  
 lacrimal glands   ,  212    

  Salmonella    ,  914   ,  916   
  Salmonella typhimurium    ,  914   
 Salt:  

 use in low-iodine diet   ,  962   
 use in pregnancy   ,  1262  
   see also   Iodized salt   
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 Salt fortifi cation:  
 with iodine in Denmark   ,  1161 – 2    

 Salt iodization   ,  510   ,  1206   ,  1222  
 before and after salt ionization  

 autoimmune diseases   ,  819 – 20   
 thyroid cancer   ,  820 – 1   
 urinary iodine excretion and goiter 

prevalence   ,  819    
 in Brazil   ,  see   Iodine defi ciency disorders 

(IDD): in Brazil   
 in India   ,  1125 – 6  

 Graves ’  disease, effect on   ,  849 – 50   
 iodine-induced thyrotoxicosis   ,  850   
 radioactive iodine uptake by thyroid, 

change in   ,  849   
 serum thyroid hormone levels, 

change in   ,  849   
 thyroid cancer   ,  850   
 thyroid iodine kinetics, change in   , 

 848 – 9    
 legislation, in Brazil (1953 – 2006)   , 

 1209   
 iodine supplementation   ,  1207 – 8   
 in Poland   ,  811  

 history   ,  812   
 iodine prophylaxis, effects of   , 

 813 – 15   
 present   ,  812 – 13    

 status before salt ionization   ,  1163 – 4   
 status after salt ionization   ,  1164 – 5   
 and thyroiditis   ,  see   Thyroiditis and salt 

iodization  
   see also   Iodized salt   

 Salt producers   ,  367   ,  368   
 Salt prophylaxis and thyroid cancer   ,  516   
 Sample decomposition   ,  18   
 Sandell – Koltholl reaction   ,  18   ,  19   ,  157   , 

 445   
 Sarcoplasmic reticulum (SR)   ,  1092   ,  1093   
 Sarcoplasmic reticulum Ca 2 �   ATPase 

pump (SERCA)   ,  1062   ,  1075   , 
 1083   ,  1093   

  Sargassum kjellanianum    ,  146   ,  147   
  Sargassum kjellmanianum    ,  898   ,  899   
 Saudi Arabia   ,  473   
 SCH   ,  see   Subclinical hypothyroidism 

(SCH)   
 scHGD   ,  see   Subclinical hyperthyroidism 

in Graves ’  disease (scHGD)   
  Schistosoma haematobium    ,  504   
  Schistosoma intercalatum    ,  504   
  Schistosoma japonicum    ,  504   
  Schistosoma mansoni    ,  504   ,  507   
  Schistosoma mekongi    ,  504   
 School-age children:  

 insuffi cient iodine intake   ,  464   
 iodine defi ciency in Tasmania   ,  1233  

 dietary sources of iodine   ,  1243   ,  1244   
 evidence of re-emergence, in 1990s   , 

 1235 – 6   

 fortifi cation and monitoring, 
importance of   ,  1247 – 8   

 geographical location   ,  1241 – 3   
 geographical region, socioeconomic 

status, diet and gender, 
associations with   ,  1245 – 7   

 history   ,  1234 – 5   
 implications   ,  1243   
 improvement following fortifi cation   , 

 1243   ,  1245   
 population surveys   ,  1236   
 post-intervention surveys   ,  1237 – 8   
 pre-intervention surveys   ,  1237   
 reemergence of iodine defi ciency   , 

 1243   
 sample collection and urinary iodine 

measurements   ,  1238   
 socioeconomic status   ,  1240 – 1   
 survey fi ndings, evaluation of   ,  1238   
 urinary iodine concentrations   , 

 1239 – 40    
 urinary iodine concentrations   ,  727  
   see also   Children   

 scHTA   ,  see   Subclinical hyperthyroidism in 
thyroid autonomy (scHTA)   

 Screening, for hypothyroidism   ,  1045   
 SDH   ,  see   Succinate dehydrogenase (SDH) 

activity   
 SDS   ,  see   Sodium dodecyl sulfate (SDS)   
 Seafood   ,  24   ,  923   ,  962   
 Seawater, iodine and iodine species in   ,  83  

 distribution   ,  84  
 dissolved oxygen   ,  84   
 iodate   ,  84 – 6   
 iodide   ,  84 – 6   
 latitudinal variations, of inorganic 

iodine   ,  87   
 nutrient   ,  84   
 salinity   ,  84   
 total iodine and dissolved organic 

iodine   ,  86 – 7   
 vertical profi les of temperature   ,  84   
 vertical variations   ,  87    

 speciation, factors controlling:  
biological control, of I  –   and IO  –   3 , 

87 – 8  
 chemical control, of I  –   and IO  –   3    ,  87   
 dissolved organic iodine   ,  89 – 90   
 iodine in sediments   ,  90   
 molecular iodine transfer   ,  88   
 particulate iodine   ,  90   
 volatile organic iodine   ,  88    

 iodine determination in   ,  3  
 atomic emission spectrometry   ,  

11 – 12   
 capillary electrophoresis (CE)   ,  4 – 6   
 gas chromatography (GC)   ,  9 – 10   
 high-performance liquid 

chromatography (HPLC)   ,  9   ,  10   
 ion chromatography (IC)   ,  6 – 9   ,  10   

 ion-selective electrode   ,  11   
 neutron activation analysis (NAA)   ,  12   
 pathways   ,  4   
 polarography   ,  11   
 spectrophotometry   ,  10 – 11   
 voltammetry   ,  11     

 Seaweeds   ,  430 – 1   ,  856 – 7   ,  1150  
 speciation analysis of iodine   ,  146 – 7    

 Second primary malignancies (SPM)   ,  970   
 Secondary tumors   ,  1015   
 Selenium defi ciency   ,  488   ,  685  

 and iodine   ,  686  
 and bone metabolism   ,  690 – 2   
 and thyroid   ,  687 – 90     

 Selenium interactions and endocrine 
system   ,  686 – 92   

 Selenoproteins in eukaryotes   ,  687   
 Self-defi ned vegetarian   ,  523   
 SEM   ,  see   Standard error of the mean 

(SEM)   
 Sengi, iodine prophylaxis in   ,  774   
 Sensitive biological marker, of iodine 

nutrition   ,  1170 – 1   
 Septojod   ,  see   Human toxicity experience   
 Serum FT4 concentrations   ,  1116   
 Serum Tg concentrations and iodine   ,  60 – 1   
 Serum Tg testing and rhTSH   ,  1019 – 20   
 Serum thyroid hormone levels, change 

in   ,  849   
 Serum thyroid-stimulating hormone   ,  326   , 

 462   ,  1140   ,  1115 – 16   
 Serum thyrotropin, upper and lower 

limits of   ,  1218 – 20   
 Serum thyrotropin levels and excess iodine 

intake   ,  1218   
 Serum thyroxine   ,  590   ,  849   
 Serum total T4 concentrations   ,  1116   
 Serum triiodothyronine   ,  849   
 Severe hypothyroidism and myxedema 

coma   ,  1044   
 Severe iodine defi ciency   ,  564   
 Severely plus moderately iodine defi cient 

goitrous children (SMOID-G)   , 
 491   

 Sex hormone-binding globulin (SHBG)   , 
 355   

 Sex hormone regulation:  
 soy isofl avones effect on   ,  354 – 5    

 SHBG   ,  see   Sex hormone-binding globulin 
(SHBG)   

 Sheep thyroid   ,  443   
 SHIP   ,  see   Study of Health in Pomerania 

(SHIP)   
 Shuttle Program   ,  938   
 Sialadenitis   ,  1014   
 Silent prophylaxis (SP) vs. active 

prophylaxis (AP):  
 contribution   ,  780 – 6   
 natural experiment   ,  780   
 policy implications   ,  786    
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 Silicon lithium Si(Li) detector   ,  32   
 Single cell gel electrophoresis (SCGE)   , 

 644   
 Single-fi ber electromyography (SFEMG)   , 

 1104 – 5   ,  1106   
 Single photon emission computed 

tomography (SPECT)   ,  440   ,  742   , 
 754   

 SIR   ,  see   Standard incidence ratio (SIR)   
 Skeletal muscle changes, in 

hypothyroidism   ,  1087  
 motoneurons:  

 function   ,  1089   
 structure   ,  1088 – 9    

 motor units, classifi cation of   ,  1088   
 neuromuscular junction (NMJ):  

 function   ,  1090 – 1   
 structure   ,  1089 – 90    

 skeletal muscles:  
 function   ,  1093 – 8   
 structure   ,  1091 – 3    

 thyroid hormone effects, on motor 
units   ,  1098    

 Skin:  
 iodide uptake, bromide infl uence on   , 

 592   
 iodide-containing skin disinfectants   , 

 376 – 7    
 Skin disinfectants   ,  see   Iodinated skin 

disinfectants   
 Skylab Program   ,  938   
 SMR   ,  see   Spontaneous mutation rate 

(SMR)   
 SNAP   ,  see   S-nitroso- N -acetyl-d, 

l-penicillamine (SNAP)   
 SOD   ,  see   Superoxide dismutase (SOD)   
 Sodium dodecyl sulfate (SDS)   ,  145   ,  146   
 Sodium iodide   ,  743   
 Sodium iodide symporter (NIS)   ,  29   ,  180   , 

 208   ,  209 – 10   ,  211   ,  245   ,  250   ,  283   , 
 297   ,  298   ,  304   ,  307   ,  343   ,  452   , 
 540   ,  702   ,  803   ,  879   ,  937   ,  992   , 
 993   ,  1002  

 breast cancer, gene regulation in   ,  224   
 in breast cancer cells   ,  227 – 8   
 detection strategies for   ,  209   
 endogenous NIS expression   ,  see  

 Endogenous sodium iodide 
symporter expression   

 in gastric mucosa   ,  215  
 background   ,  216   
 detection and distribution   ,  216 – 17   
 during development   ,  217   
 functional role   ,  219   
 and gastric cancer   ,  219   
 gastric iodide transport mediated by   , 

 217 – 18   ,  219   
 regulation   ,  218    

 in lactating mammary glands   ,  227   
 methods to detect   ,  208 – 9   

 NIS-mediated radioiodide therapy   ,  see  
 NIS-mediated radioiodide therapy   

 in placenta-derived cells   ,  228   
 stimulator in breast tissues   ,  225 – 6   
 stomach and kidney, expression in   ,  212   
 and thiocyanate   ,  275 – 6   
 in thyroid   ,  225   
 thyroid cancer, transcriptional 

regulation in   ,  223 – 4   
 in tissue culture cells   ,  224    

 Sodium – iodide symporter/solute carrier 
family 5A5 (NIS/SLC5A5)   ,  232   , 
 237   

 Sodium – potassium adenosine 
triphosphatase (Na  �  /K  �  -ATPase)   , 
 216   ,  218   ,  707   ,  980   

 Soil, liquid phase of:  
 iodine speciation   ,  110 – 11    

 Soil – plant – air system, iodine transfer in:  
 iodine behavior   ,  108   
 iodine in soils:  

 concentrations   ,  108   
 sources   ,  107 – 8    

 migration, to liquid-phase:  
 fi eld observations   ,  112   
 oxic – anoxic boundaries, effects   , 

 112 – 13    
 partitioning:  

 to gaseous phase   ,  114 – 16   
 to liquid phase   ,  109 – 11    

 plants uptake   ,  113 – 14   
 sorption   ,  109    

 Solute carrier family 26A4 ( SLC26A4 )   , 
 234   ,  235   ,  236   ,  237   ,  238   

 Somatostatin (SS)   ,  297   
 Sources of iodine   ,  569   
 South Atlantic water   ,  85   
 Soy consumption, short-term effect of:  

 on thyroid hormone levels   ,  359 – 62    
 Soy isofl avones:  

 and hormone replacement therapy   ,  354   
 and hormone signaling   ,  356  

 and thyroid hormone levels, in 
humans   ,  356 – 7    

 and human health   ,  354   
 in nature   ,  354   
 sex hormone regulation, effect on   , 

 354 – 5   
 thyroid hormone function, effect on   , 

 355   
 thyroid hormone levels correlate with   , 

 357 – 9    
 Soy isofl avonoids:  

 and deiodinases   ,  356   
 thyroid hormone transport, effect on   , 

 356   
 as thyroid peroxidase inhibitors   ,  356    

 Specialized feeds, for conditions of 
intolerance   ,  392   ,  398 – 9   

 Speciation   ,  139  

 in air   ,  143  
 species   ,  143   
 of volatile iodine   ,  143 – 4    

 bioavailability   ,  147   
 in foodstuffs and environmental 

samples   ,  145 – 6  
 fi sh   ,  146   
 milk   ,  146   
 seaweeds   ,  146 – 7    

 in tissues and biological samples   ,  144 – 5   
 in water:  

 distribution   ,  140   
 in freshwater   ,  141   ,  143   
 of inorganic iodine   ,  140 – 1   
 of volatile organic iodine   ,  141   ,  142    

 toxicity, of excessive intake   ,  147 – 8    
 SPECT   ,  see   Single photon emission 

computed tomography (SPECT)   
 Spectrometric techniques:  

 atomic absorption spectrometry   ,  22   
 mass spectrometry   ,  21 – 2   
 optical emission spectrometry   ,  22    

 Spectrophotometry   ,  10 – 11   
 Spectrum of thyroid disease, in Calabrian 

adult population   ,  1180   
 SPM   ,  see   Second primary malignancies 

(SPM)   
 Spontaneous mutation rate (SMR)   ,  554   , 

 555   
 Sports drinks   ,  736   
 Spot urine sampling   ,  425   
  90 Sr   ,  1185   
 Sri Lanka   ,  472   ,  580   ,  1216   
 Stanbury, John   ,  1192   
 Standard error of the mean (SEM)   ,  635   
 Standard incidence ratio (SIR)   ,  969   
 Standard infant formula, iodine content 

of   ,  383  
 for term and preterm infants   ,  384   ,  385    

 Standing Committee on Nutrition 
(SCN)   ,  1124   

 STAS   ,  see   Sulfate transporter and 
antisigma factor antagonist 
(STAS)   

 Stiff-man syndrome   ,  1106   
 Strontium   ,  30   
 Studies, of iodine nutrition   ,  see   Iodine 

nutrition studies   
 Study and Project Funding Agency 

(FINEP)   ,  1210   
 Study of Health in Pomerania (SHIP)   , 

 1154   ,  1155   ,  1156   
 Study of Women’s Health Across the 

Nation (SWAN)   ,  1029   
 Styrene – divinylbenzene copolymer   ,  7   
 Subclinical cretinism   ,  827   
 Subclinical hyperthyroidism in Graves ’  

disease (scHGD)   ,  820   ,  821   
 Subclinical hypothyroidism (SCH)   ,  791   , 

 807   ,  1118   ,  1215  



Index 1307

 defi nition   ,  758   
 treatment   ,  1042 – 4    

 Subclinical hyperthyroidism in thyroid 
autonomy (scHTA)   ,  820   ,  821   

 Subcommittee on Nutrition (SCN)   ,  723   
 Subcretins   ,  603   
 Sublingual glands   ,  186   
 Submandibular glands   ,  186   
 Succinate dehydrogenase (SDH) activity   , 

 1097   
 Sugar, concentration of iodine in   ,  438   
 Sulfate ions   ,  83   
 Sulfate transporter and antisigma factor 

antagonist (STAS)   ,  235   
  Sulfation    ,  299 – 300   
 Sulfotransferases   ,  300   
 Summer milk   ,  430   
 Sundarban delta, endemic goiter in   ,  777   
 Superoxide dismutase (SOD)   ,  488   ,  489   , 

 552   ,  879   
 Supplementation and monitoring, of 

school-age children   ,  1234 – 5   ,  1236   
 Supplementation of iodine   ,  254   
 Supraphysiologic levels of iodine, in 

treatment regimens   ,  801  
 clinical trials   ,  804  

 placebo-controlled human effi cacy 
trials   ,  804 – 6   

 safety trials with   ,  806 – 8    
 iodine chemistry   ,  802   
 nonthyronine pharmacologic activity   , 

 802  
 iodinated lipids (ILs)   ,  802 – 3   
 mammary tissue   ,  803 – 4     

 Surgery   ,  950  
 for hypofunctioning thyroid nodules 

and euthyroid diffuse goiters   ,  796   
 and hypothyroidism   ,  1044  

 elective surgery   ,  1044   
 urgent surgery   ,  1044 – 5    

 iodine-induced hyperthyroidism   ,  894   
 and radioiodine treatment   ,  792   
 for toxic adenoma and toxic 

multinodular goiter   ,  793 – 4    
 Sushi   ,  898   ,  1263   
 sVEP   ,  see   Sweep visual evoked potential 

(sVEP) responses   
 SWAN   ,  see   Study of Women’s Health 

Across the Nation (SWAN)   
 Sweat:  

 iodine loss in   ,  570   ,  571  
 consequences   ,  572   
 vs. urinary iodine loss   ,  571     

 Sweden   ,  180   ,  515   ,  763   ,  764 – 5   ,  768   ,  1148   
 Swedish Cancer Registry   ,  969   
 Sweep visual evoked potential (sVEP) 

responses   ,  1107   
 Switzerland   ,  334   ,  515   ,  874   ,  912   ,  1143  

 impact of iodized salt in   ,  772    
 SYM-002   ,  805 – 6   

 Synthetic thyroxine   ,  1077   
 Synthetic triiodothyronine (L-T3)   ,  1081   , 

 1082   ,  1083   ,  1084   

 T0(2553) peptide   ,  316   
 T4 and T3, in plasma and different 

tissues   ,  559  
 experimental approach   ,  560  

 iodine defi ciency, adaptation to   ,  559     
 T 4 -uridine diphosphoglucuronyl-

transferase (UDP-UGT)   ,  300   
 T4(5) peptide   ,  318   
 T4(2553) peptide   ,  316   ,  318   ,  319   
 T4(2567) peptide   ,  316   
 Table salt, iodine supplementation in   ,  525   
 TAC   ,  see   Thyroid Advisory Committee 

(TAC)   
 Tama Chemical Co   ,  1186   
 TAS   ,  see   Total antioxidant status (TAS)   
 Tasmania   ,  874   ,  1128   ,  1129  

 goiter endemics in   ,  776   
 iodine defi ciency in schoolchildren   , 

 1233 – 48    
 Tasmanian Department of Health and 

Human Services (DHHS)   ,  1236   , 
 1248   

 Tasmanian Thyroid Advisory Committee   , 
 1229   

 Tassilo light   ,  341   
 TBAH   ,  see   Tetrabutylammonium 

hydroxide (TBAH)   
 TBII   ,  see   Thyroid-binding inhibiting 

immunoglobulins (TBII)   
 TBPH   ,  see   Tibet Bureau of Public Health 

(TBPH)   
 TCDD   ,  see   2,3,7,8-tetrachlorodibenzo- p -

dioxin (TCDD) 296, 298 – 9   
 TDOH   ,  see   Tibet Department of Health 

(TDOH)   
 Technetium   ,  555   
  Technical and Operational Handbook    ,  1209   
 Technicon AutoAnalyzer II (AAII) 

systems   ,  19   
 TEDA   ,  see   Triethylene diamine (TEDA)   
 TEDE   ,  see   Total effective dose equivalent 

(TEDE)   
 Term and preterm newborns, iodine 

nutrition and defi ciency   ,  477  
 iodine defi ciency and thyroid function   , 

 479   
 neonates, iodine requirement in   ,  478   
 thyroid hormones role   ,  478  

 in human central nervous system   , 
 478     

 Terminal bronchiole, diameter of   ,  263   
 Terminal deoxynucleotidyl transferase 

mediated dUTP nick end labeling 
(TUNEL)   ,  879   

 Tetrabutylammonium hydroxide 
(TBAH)   ,  143   

  Tetrahymena pyriformis    ,  148   
 Tetraiodothyronine   ,  see   Thyroxine (T4)   
 Tetrakis(4- N , N -dimethylaminobenzen

e)porphyrinatomanganese(III) 
acetate   ,  11   

 Tetramethyl ammonium hydroxide 
(TMAH)   ,  21   ,  22   ,  95   ,  99   ,  1186   

 TFTs   ,  see   Thyroid function tests (TFTs)   
 TGP   ,  see   Total goiter prevalence (TGP)   
 Therapeutic dosage, of iodine   ,  797   
 Thermodynamic deposition   ,  262   ,  263   
 Thermoluminescence dosimeters (TLD)   , 

 972   
 Thiamazole   ,  792   ,  893   ,  904   
 Thiocyanate   ,  434   ,  488   ,  524   ,  688   ,  777   , 

 980  
 and iodine   ,  275  

 from food   ,  279 – 80   
 maternal smoking and iodine 

nutrition, of breast-fed child   , 
 278 – 9   

 in milk   ,  276 – 8   
 and NIS   ,  275 – 6   
 smoking and iodine intake, 

interaction between   ,  276   
 and tobacco smoking   ,  276     

 Thionamides 972   ,  893   ,  894   ,  951   ,  1035   
 Thiooxazolidones   ,  434   
 Thoracic region fractional deposition   ,  262   
 Thorium   ,  30   
 ThOX   ,  see   Thyroid oxidase (ThOX)   
 Thyrogen   ,  544   
 Thyroglobulin (Tg)   ,  44   ,  193   ,  210   ,  437   , 

 1012   ,  233   ,  29   ,  462   ,  48   ,  860   ,  890   , 
 967   ,  992  

 determination of   ,  58  
 immunoassays, standardization of   ,  59   
 interference of Tg autoantibodies   ,  59   
 occurrence of Tg autoantibodies   ,  59    

 immunogenicity of:  
 Abs recognizing iodinated 

determinants, as Tg-specifi c T-cell 
reactivity   ,  319 – 20   

 human thyroiditis, pathogenesis of   , 
 320 – 1   

 iodinated pathogenic T-cell 
determinants, in Tg   ,  316 – 18   

 peripheral T-cell reactivity and 
iodine   ,  318 – 19    

 and intake of iodine   ,  59  
 serum Tg concentration and iodine   , 

 60 – 1    
 as iodine intake indicator   ,  55   
 major iodoglycoprotein, of thyroid 

gland   ,  56  
 gene expression   ,  57   
 Tg homodimer, structure of   ,  56 – 7   
 Tg release into circulation   ,  58   
 thyroid hormones, biosynthesis of   , 

 57 – 8    
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Thyroglobulin (Tg) (continued )
 mechanism of   ,  802   
 and Tg-antibody   ,  576  

 detection, in healthy individuals   , 
 578 – 9   

 measurement methods   ,  576     
 Thyroglobulin antibody (Tg-Ab)   ,  44   , 

 576   ,  578   ,  883   ,  928   ,  1114  
 measurement methods   ,  576   
 and thyroglobulin (Tg)   ,  576   
 and TPO-Ab   ,  577 – 8    

 Thyroglobulin gene expression   ,  57   
 Thyroid and heart failure, clinical 

evidence of:  
 iodine intake, primary mild thyroid 

dysfunction and cardiac prognosis   , 
 1077 – 8   

 thyroid hormone metabolism:  
 in heart failure   ,  1079   
 and prognosis in heart disease   , 

 1078 – 9   
 and prognosis in heart failure   , 

 1079 – 81     
 Thyroid Advisory Committee (TAC)   , 

 1235   
 Thyroid asialoglycoprotein receptor   ,  58   
 Thyroid autoantibodies   ,  43   ,  1116  

 and autoimmunity   ,  578   
 epidemiological studies on   ,  580 – 2   
 in iodine-defi cient areas   ,  582   
 in iodine-replete areas   ,  582 – 3   
 TPO and Tg-Ab   ,  45   
 TSH receptor antibody   ,  45 – 6    

 Thyroid autoimmunity   ,  842   ,  1034  
 and autoantibodies   ,  578   
 infl uence of   ,  838  

 on ioduria   ,  838 – 9   
 on thyroid function   ,  840 – 1   
 on thyroid volume   ,  839 – 40    

 and iodine supplementation   ,  1276   
 paradox of iodine intake   ,  583    

 Thyroid autonomy   ,  890 – 1   
 Thyroid binding globulin   ,  49   ,  356   ,  378   , 

 655   ,  676   ,  677   ,  703   
 Thyroid-binding inhibiting 

immunoglobulins (TBII)   ,  44   
 Thyroid cancer   ,  514   ,  850   ,  957   ,  982  

 and dietary iodine   ,  515  
 angiosarcoma   ,  517   
 primary thyroid lymphoma   ,  517 – 18   
 undifferentiated carcinoma   ,  516 – 17    

 etiology   ,  515   
 features   ,  514   
 and iodine defi ciency   ,  513   
 in iodine-defi cient areas   ,  517   
 and iodine prophylaxis   ,  513   ,  514   
 and lifelong iodine supplementation   , 

 767 – 8   
 radioiodine treatment for   ,  983   
 and salt prophylaxis   ,  516   

 and thyroiditis   ,  867 – 8   
 treatment of   ,  967    

 Thyroid Cancer Survivors ’  Association   , 
 960   ,  961   ,  962   

 Thyroid cancer treatment, lithium in   , 
 see   Lithium, in thyroid cancer 
treatment   

 Thyroid cells:  
 function of pendrin in   ,  235   ,  237   
 iodine uptake by   ,  992 – 3   
 regulation of NIS proximal promoter 

in   ,  223   
 regulation of Pendrin in   ,  237 – 8   
 TSH receptor stimulation in   ,  224 – 7    

 Thyroid diseases   ,  1213  
 autoimmune thyroiditis, incidence of   , 

 1216   
 hypothyroidism in an autoimmune 

thyroiditis population   ,  1216 – 17   
 overt hyperthyroidism, in GD family 

members   ,  1217  
 iodine excess and thyroid nodules   , 

 1218   
 iodine excess and tyroid goiter   , 

 1217 – 18    
 papillary thyroid cancer (PTC)   ,  1218   
 risk factors for:  

 age and physical activity   ,  413   
 goitrogens   ,  413   
 UI excretion variations   ,  412 – 13    

 serum thyrotropin, upper and lower 
limits of   ,  1218 – 20   

 serum thyrotropin levels and excess 
iodine intake   ,  1218    

 Thyroid disorders   ,  39   ,  55   ,  65   ,  66   ,  171   , 
 349 – 50   ,  449   ,  1028   ,  1073   , 
 1103 – 4   ,  1108  

 in Germany   ,  1153  
 current fi ndings   ,  1154 – 5   
 iodine defi ciency, history of   ,  1153 – 4   
 iodine fortifi cation, problems and 

challenges of   ,  1155 – 6   
 perspectives   ,  1156    

 and iodine intake   ,  449  
 in Danish population   ,  see   Danish 

investigation of iodine intake and 
thyroid disease program    

 iodine-induced   ,  899 – 901    
 Thyroid dysfunction 933   ,  703 – 4   
 Thyroid eye disorders, investigations in:  

 blood investigations   ,  1104   
 electromyography   ,  1104   
 imaging   ,  1104   
 repetitive nerve stimulation (RNS)   , 

 1105   
 single-fi ber EMG (SFEMG)   ,  1104 – 5   
 visual evoked potentials (VEP)   ,  1104   
 visual fi elds   ,  1104    

 Thyroid function:  
 infl uence on   ,  840 – 1   

 and iodine intake   ,  120 – 1   ,  480   ,  481   , 
 482   

 and iodine loss   ,  572   
 status, in India   ,  1275    

 Thyroid function tests (TFTs)   ,  47   ,  849   , 
 1118  

 abnormalities   ,  50   
 general interpretation   ,  48 – 50   
 iodine and thyroid function, effect of 

iron defi ciency on   ,  53   
 in iodine defi ciency   ,  50 – 2   
 in iodine excess   ,  52 – 3   
 in vegans   ,  434    

 Thyroid gland   ,  48   ,  210 – 11   ,  560 – 1  
 and brain, DNA damage in   ,  644 – 8   
 defi nition of   ,  758   
 direct effects on   ,  297 – 9   
 independent regulation   ,  see   Thyroid 

growth and function by iodine, 
autoregulation of   

 iodine defi ciency, antioxidant response 
and mutagenesis in   ,  549  

 DNA damage   ,  555   
 high somatic mutation rate, 

consequences of   ,  555 – 6   
 oxidative DNA damage, markers of   , 

 552 – 4   
 spontaneous mutation   ,  554 – 5   
 thyroid hormone metabolism, 

substrates of   ,  550 – 1    
 and oxidative stress   ,  488   
 volume of   ,  839    

 Thyroid growth and function by iodine, 
autoregulation of   ,  243  

 2-iodohexadecanal   ,  246   
  δ -iodolactone   ,  245   
 thyroid iodolipids   ,  244 – 5    

 Thyroid hormone distribution models:  
 tissue metabolism   ,  194 – 5   
 volume of distribution   ,  194    

 Thyroid hormone receptor  α  (TR α )   ,  233   , 
 1053   ,  1062   

 Thyroid hormone receptor  β  (TR β )   ,  233   , 
 1053   ,  1062   

 Thyroid hormone receptors (TRs)   ,  470   , 
 861   ,  1054   ,  1062   ,  1077   

 Thyroid hormone response elements 
(TREs)   ,  861   

 Thyroid hormones (THs)   ,  48   ,  296   ,  855   , 
 1047   ,  1050   ,  1053   ,  1129  

 action of:  
 cardiac effects   ,  1062 – 3   
 hemodynamic effects   ,  1064 – 5   
 microcirculatory effects   ,  1063 – 4   
 vascular effects   ,  1063    

 analogs administration   ,  1082   
 biosynthesis of   ,  57 – 8   
 on body tissue   ,  45   
 cardiomyocytes and vascular cells, 

action on   ,  1075 – 6   
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 concentrations   ,  296 – 7   
 correlation with soy isofl avone, in 

children   ,  357 – 9   
 defi nition of   ,  758   
 effect on:  

 neural development   ,  470   
 TH transport   ,  299    

 fetal brain availability   ,  472   
 free hormone measurement   ,  42   
 genes affected by   ,  471   
 heart and peripheral vasculature, TH 

effects on   ,  1075   
 in heart failure:  

  ex vivo  and  in vivo  models   ,  1077   
 signaling and heart failure   ,  1076 – 7    

 immune response and production, of 
antibodies   ,  41   

 immunoassay techniques   ,  41   
 immunoassays, interferences in   ,  42   
 iodine intake and heart failure   ,  1075   
 and iodine requirements, in pregnancy   , 

 404 – 6   
 measurement   ,  41   
 metabolism   ,  1075  

 effects on   ,  299 – 300   
 and prognosis in heart disease   , 

 1078 – 9   
 and prognosis in heart failure   , 

 1079 – 81    
 on muscular tissues   ,  703   
 and oxidative stress   ,  489   
 role of iodine in synthesis of   ,  889 – 90   
 secretion   ,  40 – 1   
 signaling and heart failure   ,  1076 – 7   
 soy consumption and TH levels:  

 in humans   ,  356 – 7   
 short-term effect of   ,  359 – 62    

 soy isofl avonoids effect:  
 on TH function   ,  355   
 on TH transport   ,  356    

 structure   ,  40   ,  931   
 and TH receptors, role of   ,  1054   
 and thyroid receptors, binding of   ,  300    

 Thyroid hypofunction   ,  see  
 Hypothyroidism   

 Thyroid iodine determination   ,  see  
  Determination of iodine in vivo 
and in vitro    

 Thyroid iodine kinetics, change in   ,  848 – 9   
 Thyroid iodolipids   ,  244 – 5   
 Thyroid malignancy:  

 and iodine defi ciency   ,  492 – 4    
 Thyroid metabolism and Fe status   ,  502 – 3   
 Thyroid nodules and multinodular goiter, 

management of   ,  327 – 8   
 Thyroid oxidase (ThOX)   ,  550   
 Thyroid peroxidase (TPO)   ,  44   ,  57   ,  159   , 

 250   ,  297   ,  305   ,  306   ,  341   ,  355   , 
 503   ,  539   ,  540   ,  541   ,  542   ,  544   , 
 550   ,  759   ,  802   ,  879   ,  890   ,  928   ,  992  

 defi ciency and TIOD   ,  539  
 and congenital hypothyroidism   ,  543   
 isoforms   ,  541   
 polymorphisms and mutations   , 

 541 – 2   
 structure and function   ,  540 – 1    

 isofl avonoids as inhibitors of   ,  356   
 and thyroglobulin, in iodine defi ciency   , 

 575 – 83   
 and TPO-antibody   ,  576 – 7  

 detection, in healthy individuals   , 
 577 – 8   

 measurement methods   ,  577     
 Thyroid peroxidase antibodies (TPOAb)   , 

 350   ,  767   ,  866   ,  1034   ,  1037   ,  1043   , 
 1116   ,  1118   

 Thyroid physiology and Graves ’  disease 
in India   ,  see   Salt iodization: effects 
on normal thyroid physiology and 
Graves ’  disease in India   

 Thyroid scintigraphy (TS)   ,  544   ,  545   ,  796  
 and ultrasonography   ,  765 – 6    

 Thyroid size and iodine intake   ,  533  
 between countries/populations   ,  534 – 5   
 fortifi cation programs effects   ,  533 – 5   
 relationship between measures of   ,  535 – 6   
 within populations   ,  535    

 Thyroid slices and follicles   ,  305   
 Thyroid status determination, plasma 

analytes for:  
 3,3 � ,5 � -triiodothyronine (rT3)   ,  45   
  α -subunits   ,  44 – 5   
 calcitonin   ,  44   
 erythrocyte zinc   ,  45   
 thyroglobulin   ,  44   
 thyroid autoantibodies   ,  43 – 4   
 thyroid hormone measurement   ,  41  

 free hormone measurement   ,  42   
 immune response and production, of 

antibodies   ,  41   
 immunoassay techniques   ,  41   
 immunoassays, interferences in   ,  42    

 thyroid hormone secretion   ,  40 – 1   
 thyroid hormones on body tissue:  
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