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Objective. Acute intermittent porphyria (AIP) is caused

by a deficiency of hydroxymethylbilane synthase.

Clinical manifestations are abdominal pain and neuro-

visceral symptoms, accompanied by overproduction

of heme-precursors in the liver, which frequently

remains long-lasting in AIP patients. We tested the

hypothesis that this condition may be associated with

alterations of hepatic proteins known to be either

increased or decreased in serum according to diverse

pathological conditions including malnutrition, inflam-

mation or liver disease.

Design. Serum proteins were analyzed in 26 biochemi-

cally active AIP patients that were classified according

to the EPI (European Porphyria Initiative) guidelines as

follows: (i) patients who presented a single acute

attack having remained so far free of clinical symptoms;

(ii) patients who present recurrent attacks or chronic

symptoms associated with exacerbations of AIP.

Results. Most of the serum proteins were within

normal limits, however insulin-like growth factor 1

(IGF-1) was decreased in 53.8% of AIP patients

(z-score = )2.86 ± 0.37) and transthyretin (prealbu-

min) was found significantly decreased in 38.5% of

them. The IGF-1 z-score was lower in group B versus

group A patients ()2.66 vs. )1.43; P = 0.024). The

coincident decrease of both IGF-1 and transthyretin was

associated with worsening of the clinical condition.

Conclusions. This first study in humans suggests that

the clinical expression AIP is associated with a state

of under-nutrition and ⁄or with hepatic inflammation

due to the sustained accumulation of heme-precursors.

We propose the use of both IGF-1 and transthyretin

as biomarkers of disease morbidity ⁄ severity for the

clinical follow-up of AIP patients.

Keywords: acute intermittent porphyria, insulin-like

growth factor 1, malnutrition, transthyretin.

Introduction

Acute Intermittent Porphyria (AIP), the most common

acute hepatic porphyria, is an autosomal dominant

metabolic disorder. It results from partial deficiency of

hydroxymethylbilane synthase (HMBS, EC 2.5.1.61),

also known as porphobilinogen deaminase (PBGD),

the third enzyme of the heme biosynthetic pathway.

The prevalence of the AIP genotype may be as high

as one in 1675 in some countries [1]; however, the*These authors contributed equally to this work.
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penetrance is low and fewer than 10% of people, who

carry the mutation, have symptoms: most will only

have one acute attack in their lifetimes whilst others

will have repeated acute attacks, which may require a

special treatment regimen. The frequency and duration

of the attacks differ widely, even within families, due

to great variations in penetrance.

The clinical features of the disease include autono-

mous, central, motor or sensory symptoms, but the

most common clinical presentation is abdominal pain

caused by neurovisceral crises, accompanied by over-

production of heme-precursors in the liver. The acute

attack may be triggered, in AIP carriers, by a number

of therapeutic drugs, alcohol, infection, fasting, emo-

tional and physical stress, and hormonal changes.

Attacks are associated with hepatic overexpression of

the first enzyme of the pathway (5-aminolevulinate-

synthase, ALAS1), which leads to excess hepatic syn-

thesis of two heme-precursors, d-aminolevulinic acid

(ALA) and porphobilinogen (PBG). Both of these

heme-precursors are eliminated through the kidney.

Therefore, analysis of PBG and ALA in urine is a

valuable diagnostic tool [2]. AIP is potentially life-

threatening and the pathophysiological mechanisms

of neurologic damage may involve neurotoxicity of

the precursors [3] and ⁄or heme deficiency [4]. Carbo-

hydrate and intravenous heme administration con-

stitute specific therapies in the acute phase of the

disorder and their molecular effects rely on the

negative retro-control of ALAS1. Indeed, the activity

of ALAS1 is determined by its transcriptional, post-

transcriptional and mostly posttranslational retro-

control, which is mediated by heme itself [5].

Recently, expression of the hepatic ALAS1 gene has

been shown to be turned on by the fasting-induced

transcriptional coactivator proliferator-activated recep-

tor c coactivator 1a (PGC-1a) in a mouse model [6].

Such regulation remains to be investigated in humans.

However, preeminence of the liver in the patho-

physiology of AIP has been highlighted by the

spectacular benefit of liver transplantation in severe

AIP patients [7].

A sub-set of serum proteins is synthesized in the

hepatocytes and released in the circulation, including

positive acute-phase proteins (elevated during illness

and trauma) and negative acute-phase proteins

(decreased during the same conditions) [8]. The sus-

tained hepatic overproduction of heme-precursors in

the liver, of most AIP patients, may induce liver dys-

function and consequent changes in the serum protein

profile. The hepatic metabolism dysfunction may con-

tribute, in turn, to exacerbate the severity and the clin-

ical expression of the disease. We have investigated

this issue amongst AIP patients and have found that a

significant number of patients present a decrease in

serum of insulin-like growth factor 1 (IGF-1) and

transthyretin (prealbumin), which suggests a role of

nutritional status in the clinical expression of the dis-

ease. These findings support recent data, reported in a

mouse model, about the role of fasting in precipitating

acute attacks of porphyria [6] and extend, for the first

time, this observation to humans.

Material and methods

Patients and study design

We studied 26 adult patients with AIP (22 women

and four men, ranging between 22 and 61 years of

age). Twenty two were Spanish patients attending the

Hospital Clinic of Barcelona (Spain) for clinical fol-

low-up and four were French patients attending the

French Centre of Porphyria (Colombes, France).

All these patients had initially presented in the emer-

gency department of hospitals with symptoms of an

acute porphyria crisis (abdominal pain, vomiting,

tachycardia, etc). The acute attack (patients of Hospi-

tal Clinic Barcelona) had been treated with heme-arg-

inate (Normosang�; Orphan Europe, Puteaux, France)

infusions, without intravenous carbohydrate loading,

according to the EPI (European Porphyria Initiative)

recommendations (http://www.porphyria-europe.com)

and Elder and Hift [9]. The French patients had been

treated with heme-arginate and ⁄or intravenous carbo-

hydrate loading.

Plausible precipitating factors of the initial acute attack

could be identified in most of the cases. These were

porphyrinogenic drug intake (the most common causal
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factor) together with fasting, stress, recurrent infections

and hormonal changes. In all cases the AIP condition

was confirmed biochemically (chromatographic separa-

tions of porphyrins and isomers in urine and faeces, flu-

orescence scanning of plasma and measurement of

HMBS activity in red-blood cells) and genetically

(sequencing of the HMBS gene) [10–13]. All patients

with a confirmed diagnosis were correctly informed

about the disease, its risks and medications to avoid.

They were given life-style and dietary counselling.

According to the following clinical course of the dis-

ease and EPI classification, the patients were divided

into two groups. Group A (n = 12) were patients who

presented a single acute episode and had remained

asympthomatic thereafter. Group B (n = 14) were

chronic AIP patients who had more than one attack in

less than 4 years. These included three patients who

presented more than four attacks per year and

required monthly heme-arginate preventive treatment.

As the major possible precipitating factors (drugs, low

carbohydrate intake, etc) had been avoided, the cause

of the recurrent episodes was unknown, except for

one woman in whom recurrence was clearly associ-

ated with menstruation.

All the AIP patients were informed of the aims of the

study and agreed to participate by signing an

informed consent form. The research was conducted

in accordance with the Declaration of Helsinki Princi-

ples and was approved by the corresponding Ethics

Committees.

Biochemical assays

Blood samples of all the participants were taken,

between 8:00 am and 8.30 am after overnight fasting

and according to hospital protocols. Patients of group

A were asymptomatic. Patients of group B were in

variable clinical condition. For the chronic patients

who received treatment with heme-arginate, blood

was obtained 1 h prior to initiation of the treatment.

Standard haematological and biochemical measure-

ments were performed in all cases. Specific analyses of

serum hepatic proteins included: albumin, transthyretin,

transferrin, ferritin, ceruloplasmin, haptoglobin, C-reac-

tive protein, insulin-like growth factor-1 (IGF-1) and

insulin-like growth factor binding protein 3 (IGFBP-3).

Additional analyses included insulin, glucagon, corti-

sol, triiodothyronine (T3), thyroxin (T4), thyrotropin

(TSH), growth hormone (GH) and ghrelin.

The patients who presented an abnormal result in any

of these parameters were called again to carry out

new blood analyses for confirmation and follow-up.

These were undertaken between 1 and 3 months sub-

sequently to the initial analysis.

Biochemical measurements were performed on AD-

VIA2400 analyzers (Siemens Medical Solutions Diag-

nostics, Tarrytown, NY, USA). Cortisol, T3, T4 and

TSH levels were measured by chemiluminescent

immunoassays on the ADVIA Centaur analyzer (Sie-

mens Medical Solutions Diagnostics). IGF-1 was

measured by an immunoradiometric assay (IRMA)

with two monoclonal antibodies against two different

epitopes of IGF-1 (Immunotech, Marseille, France;

Biocode, Liège, Belgique). IGFBP-3, GH and ghrelin

were also measured by IRMA.

As serum IGF-1 levels change with age, age-adjusted

normalizing z-score transformation was applied. The

z-score values were calculated using the following

arithmetic formula: z-score = (IGF-1 sample)IGF1
mean age group) ⁄1 standard deviation [14].

Insulin-like growth factor 1 concentration in serum,

measured by the same technique (IRMA, Immunotech),

from 405 healthy blood donors (Hospital Germans

Trias i Pujol, Barcelona, Spain) and divided into age

groups, were used as controls for the calculations [14].

Fresh urine was collected at the same time as blood.

Creatinine was analyzed and the concentration of por-

phyrin precursors was measured by ion-exchange

chromatography (ALA ⁄PBG column test; Bio-Rad

GmbH, München, Germany). The concentration was

expressed as nmol of PBG or ALA per mmol of cre-

atinine. Porphyrins in urine and the isomer distribu-

tion were analyzed by reverse-phase high-pressure

liquid chromatography [15].
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Statistical analyses

Statistical significance was evaluated using the Mann–

Whitney nonparametric test, for comparison between

medians of two unpaired groups. In Table 1, pnominal

values were corrected using Bonferroni method and

results are thus presented as both pnominal and pcorrected.

GraphPad Prism software (GraphPad Software, San

Diego, CA, USA) was used for statistical evaluations.

Results

Persistent elevation of heme-precursors in urine

All patients included in the study presented persistent

elevation of heme-precursors (PBG and ALA in

urine) (Fig. 1a). The levels of PBG ranged from 3.9

to 192 nmol mmol)1 creatinine, which is from �5-
to 240-fold the upper normal limit in the general

population (0.8 nmol mmol)1 creatinine). Partition of

patients according to EPI criteria showed that

patients assigned to group B presented higher urinary

concentrations of ALA (P = 0.012) and PBG

(P = 0.003) than those in group A. However, the

heme-precursor levels overlapped between the two

groups (Fig. 1b).

Clinical expression of AIP is associated with alteration
of two serum hepatic proteins: IGF-1 and transthyretin

Main haematological, biochemical and hormonal

parameters were found to be essentially normal in

most patients and did not reveal any obvious alter-

ation linked to the AIP condition (not shown).

The screening of serum hepatic proteins, however,

revealed that a significant number of AIP patients

presented a decrease in IGF-1, transthyretin or both.

The IGF-1 z-score was <)1 in 23 patients (88%) with

14 showing IGF-1 z-score value <)2 (Fig. 2b left

graph and Table 1). In all cases a second blood analy-

sis confirmed the decrease. The IGF1 z-score was

lower in patients of group B than in group A ()2.66
vs. )1.43; P = 0.024; Table 1, Fig. 2). Although the

decrease in IGF-1 was more obvious in patients

assigned to group B (85% had a z-score value <)2),

Table 1 Biochemical data in AIP
patients

Biochemical parameter

Group A

(n = 12)

Group B

(n = 14)

Reference

values pnominal pcorrected

IGF-1 z-score )1.43 )2.66 0 0.003 0.024

IGFBP3 (lg mL)1) 2.7 2.5 1.33–3.58 NS NS

Ghrelin (pg mL)1) 1015 1452 600–1500 0.01 NS

GH (lg L)1) 0.38 0.22 0.06–5.0 NS NS

Transthyretin (g L)1) 0.22 0.16 0.17–0.39 0.002 0.016

Albumin (g L)1) 45 40.6 37–53 0.04 NS

BMI (kg m2)1) 25 19.5 20–30 0.002 0.016

Ferritin (lg L)1) 59.5 45.5 15–200 NS NS

Transferrin (g L)1) 2.84 2.59 1.93–3.08 NS NS

Ceruloplasmin (g L)1) 0.32 0.37 0.17–0.37 NS NS

Haptoglobin (g L)1) 1.46 0.78 0.32–1.81 NS NS

Data are given as median.
Group A includes patients who met a unique acute attack and who remain so far free of clinical symp-
toms, group B includes those who present recurrent attacks or chronic symptoms associated with exac-
erbations of AIP. Statistical comparison of patients from groups A or B is performed using
nonparametric test Mann–Whitney; pnominal values were thus corrected using Bonferroni method and
results are presented as both pnominal and pcorrected.
IGF-1, insulin-like growth factor 1; IGF-1 z-score, (mean IGF-1 measured)mean IGF-1 according to
age) ⁄ 1 SD; IGFBP3, insulin-like growth factor binding protein 3; GH, growth hormone; BMI, body
mass index (weight per h2).
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only a slight correlation (r = 0.143) was observed

between the IGF-1 z-score and PBG ⁄ALA levels.

Transthyretin was found to be below the lower refer-

ence limit in 10 AIP patients (38.5%) with eight

assigned to group B. Transthyretin concentrations

were lower in group B patients (0.16) vs. group A

patients (0.22, P = 0.016). The serum levels of IGF-1

and transthyretin were coincidently decreased in nine

patients (35%), two of them belonging to group A,

and seven to group B.

In contrast, albumin concentrations were within the

normal range, although a tendency to decrease in

group B was observed (Fig. 2a right graph and

Table 1): 40.6 vs. 45 in group A.

Insulin-like growth factor 1 circulates in the plasma

predominantly bound to its carrier IGF-Binding pro-

tein (IGF-BP). As IGF-BP3 is the most abundant

IGF-BP [16], we evaluated its level in theses groups

of AIP patients (Fig. 2b right graph and Table 1). The

results showed that the concentration of IGF-BP3 was

within the reference range in all the patients and did

not significantly change with the clinical expression

of the disease (2.7 in group A vs. 2.5 in group B).

The levels of GH, the hormone responsible for IGF-1

synthesis showed between-day variations but the med-

ian values were normal in patients of both groups

(Table 1).

The level of ghrelin, the hormone responsible for

stimulating GH synthesis and food intake, showed a

tendency to increase with the clinical expression of

the disease (Table 1, 1452 in group B vs. 1015 in

group A, P = 0.08), reaching the upper limit of the

interval reference values in patients of group B.

Other serum hepatic proteins (ferritin, transferrin,

ceruloplasmin and haptoglobin) were found to be

normal in most of the AIP patients (Table 1). Further-

more, only one patient showed increased values of

C-reactive protein.

The BMI was decreased in 30% of the patients. Inter-

estingly, five of the six patients presenting a
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Fig. 1 Biochemical diagnosis of patients with acute intermittent porphyria. (a) Urinary ALA and PBG were evaluated in 26
AIP patients recruited at the Hospital Clı́nic of Barcelona (Spain) or at the French Center of Porphyria (Colombes, France).
ALA and PBG are expressed in nmol mmol)1 creatinine and results are presented as median. (b) ALA and PBG urinary’s level
in AIP patients, parted accordingly to the clinical expression of the disease and the EPI guidelines. Group A: patients who met
a unique acute attack and who remain so far free of clinical symptoms (white circles). Group B: patients who present recurrent
attacks or chronic symptoms associated with exacerbations of AIP (black circles). *P-value £ 0.02. The shaded area indicates
normal range (ALA: 1–5 nmol mmol)1 creatinine; PBG: 0.1–0.8 nmol mmol)1 creatinine).
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BMI < 20 also had a low IGF-1 z-score and low

transthyretin. Some patients presented with changes of

BMI during the onset of the clinical disease. How-

ever, during the time-course of this study the BMI of

these patients remained constant.

Biochemical data in patients with recurrent crisis of
acute intermittent porphyria

We evaluated the time-course of serum hepatic pro-

teins over a 15-month follow-up of three patients pre-

senting recurrent exacerbations of AIP and receiving

monthly infusions of heme-arginate (Fig. 3). The

blood collected for analyses was obtained 1 h prior to

the drug administration. ALA (Fig. 3a, left graph) and

PBG (Fig. 3a, right graph) levels remained consis-

tently high throughout the period of the study and

with no apparent trend to normality.

As shown in Fig. 3b the low values of IGF-1 (left

graph) persist during the time-course with the IGF-1

z-score remaining <)2 throughout the measures (apart

from the two first values for patient 2: z-score £)1.5).
As an additional study in two of these patients, serum

hepatic proteins and ALA ⁄PBG in urine were mea-

sured 72 h after the heme-arginate infusion. A
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Fig. 2 Transthyretin, albumin, IGF-1and IGFBP3 in patients with acute intermittent porphyria. (a) Transthyretin and albumin
were evaluated in AIP patients of group A (patients who met a unique acute attack and who remain so far free of clinical
symptoms, white circles) and group B (patients who present recurrent attacks or chronic symptoms associated with exacerba-
tions of AIP, black circles) and are expressed in g L)1. The shaded area indicates normal range (transthyretin: 0.167–0.334 g
L)1; albumin: 37–53 g L)1). (b) Mean IGF-1 z-score in AIP patients of group A (white circles) and group B (black circles),
IGFBP3 was evaluated in AIP patients of both groups A (white circles) and B (black circles) and is expressed in lg mL)1.
The shaded area indicates normal values (1.33–3.58 lg mL)1). *P-value £ 0.02;**P-value <0.03; NS, non significant.
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notable, albeit transitory, decrease of ALA and PBG

in urine was observed (reaching values of PBG �
25% of those found before heme-arginate treatment).

However, the serum IGF-1 z-score values remained

low in both cases ()3.28 fi )3.47 and )3.64 fi
)3.31, respectively).

Transthyretin levels showed minor fluctuations, with

most values remaining below the lower value of the

normal range prior to heme-arginate administration

(Fig. 3b, right graph). The measurements 72 h after

drug administration did not show any obvious modifi-

cation over this fluctuation (0.157 fi 0.193;

0.139 fi 0.076).

On the other hand, albumin remained within the nor-

mal range throughout the measurements (data not

shown).

Discussion

To the best of our knowledge, this is the first study to

show that AIP is associated with a significant decrease

of serum IGF-1 and transthyretin. The later being a

serum hepatic protein that is commonly used to evalu-

ate nutritional status because of its short half life [17].

As GH levels were found mainly normal, a central

cause for the decrease of IGF-1 seems unlikely even if

it cannot be ruled out due to the pulsatile secretion of

GH. Moreover, the height of all patients was normal,

thereby ruling out the possibility that a decrease in GH

during childhood could have impaired their growth or

modulated the observed low level of IGF-1. In addition,

the normal values of IGF-BP3 [16] suggest that the low

circulating levels of IGF-1 do not result from its

reduced half-life. Modifications in blood concentrations

of IGF-1 are known to reflect changes in its synthesis

Patient 1

Patient 2

Patient 3
30

40

40

50

60

0

10

20

A
L

A
(n

m
o

l/m
m

o
l c

re
at

in
in

e)

P
B

G
(n

m
o

l/m
m

o
l c

re
at

in
in

e)

0

10

20

30

Time (months)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (months)

0

0.3

0.2

0.4

0.5

–2.5
–2

–1.5
–1

–0.5

0

0.1T
ra

n
st

h
yr

et
in

 (
g

/L
)

–4.5
–4

–3.5
–3

IG
F

1 
z-

sc
o

re

Time (months) Time (months)

(a)

(b)

Fig. 3 Follow-up of chronic AIP patients: Heme-precursors (a), transthyretin and z-score IGF-1 (b) were evaluated for a period
of time of 15 months in chronic AIP patients with recurrent acute crises recruited at the Hospital Clinic of Barcelona (white
square: patient 1, black square: patient 2, black triangle: patient 3). All patients received hemin monthly, and all measures were
performed 1 h prior to drug administration. A: Measure of urinary ALA (left graph) and PBG (right graph), both expressed in
nmol mmol)1 creatinine. The shaded area indicates normal values (ALA: 1–5 nmol mmol)1 creatinine; PBG: 0.1–0.8 nmol
mmol)1 creatinine). B: Measure of transthyretin expressed in g L)1. The shaded area indicates normal values (0.167–0.334 g
L)1). C: Measure of IGF-1 (z-score).
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and secretion from the liver, which accounts for 80% of

the total serum IGF-1 in animals [18]. Serum IGF-1

concentration is known to decline with age [16, 19],

but we observed a similar decrease in IGF-1 in patients

of every age. The IGF-1 level is also influenced by sex

steroids, liver function [20] and nutritional status [21].

Indeed, IGF-1 low levels of IGF-1 in serum are often

associated with malnutrition [22]. This parameter has

been shown to be a sensible marker of nutritional status

in different eating-disorder studies [23]. Thus, low

IGF-1 levels observed in our study could be due to a

general under-nutrition status as we observed a

decrease in BMI in several severe AIP patients in group

B. However, the low IGF-1 and transthyretin levels in

some AIP patients could also reflect a metabolic distur-

bance restricted to the liver.

The role of fasting in precipitating the crises of acute

porphyria has recently been highlighted in mice [6],

with the description of the ability of PGC-1a to acti-

vate the expression of ALAS-1 in the fasted liver [6].

PGC-1a is a coactivator of nuclear receptors and other

transcription factors [24] that play a major role in

liver energy metabolism [25] and this hepatic factor

links liver nutritional status to heme biosynthesis and

acute porphyria. We appreciate that the role of this

hepatic factor in humans remains to be elucidated.

However, the benefit of liver transplantation in severe

AIP patients has highlighted the importance of this

organ in the pathophysiology of this disease. Thus,

such a state of liver energy metabolism modification

in AIP patients could support the induction of ALAS1

thereafter worsening the symptoms of the disease and

contribute to the persistence of the clinical expression.

The carbohydrate loading, known to decrease ALAS

activity and to alleviate symptoms of AIP, could affect

IGF-1 and transthyretin. However, interestingly in our

study, patients treated in the Barcelona centre did not

receive high doses of carbohydrates whereas French

patients were treated with heme-arginate (Normo-

sang�) infusions and intravenous carbohydrates. In

both cases IGF-1 and transthyretin levels were simi-

larly decreased. Moreover, in two chronic patients

analyzed before, and 72 h after heme-arginate treat-

ment, a notable decrease of ALA and PBG levels in

urine was found as well as stable and unaffected low

IGF-1 values. These data could indirectly support the

hypothesis that chronic under-nutrition may be a

cause of recurrence of AIP. However, severe recurrent

exacerbation of the porphyria condition is usually

accompanied by nausea, vomiting and a decrease in

appetite, and this in turn could lead to partial under-

nutrition. Therefore, the under-nutrition status could

be either a causal factor and ⁄or a consequence of the

exacerbation of the disease.

If the level of the negative acute-phase proteins is fre-

quently used to evaluate protein malnutrition, compel-

ling evidence suggests that it is not only modulated by

nutritional intake, but also by trauma, underlying liver

disease, or inflammation [8]. Serum levels of these pro-

teins correlate with the morbidity and mortality in vari-

ous diseases [8]. In particular, transthyretin and IGF-1

are known to decrease during inflammation or liver

disease [26, 27]. The decrease of transthyretin and

IGF-1 in AIP patients could therefore reflect the exis-

tence of an hepatic chronic inflammation process asso-

ciated with porphyria itself and the sustained

overproduction of heme-precursors. However, some

inflammatory markers such as C-reactive protein, ferri-

tin and haptoglobin were not obviously altered in these

AIP patients, thus the confirmation of the existence of

inflammation would require further investigation.

Independently of the causal factor, our report shows

an atypical profile of serum hepatic proteins in AIP in

humans. As heme-precursor excretion remains ele-

vated for a long period of time in most AIP patients

and is not clearly correlated with the clinical status,

we suggest the measurement of IGF-1 and transthyre-

tin as biomarkers of disease morbidity ⁄ severity for the

clinical follow-up of AIP patients.
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