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Objective: To analyze the effect of the fatty acid–binding protein (FABP2) gene Ala54Thr poly-
morphism on anthropometric and biochemical variables in response to a moderate-fat diet in
overweight or obese subjects.
Methods: One hundred nine subjects with a body mass index �25 kg/m2 were studied. Participants
underwent a dietary intervention that consisted of 30% fat (saturated fat <7% of total calories), 15%
protein, and 55% carbohydrates. The FABP2 genotypes were analyzed by polymerase chain reac-
tion–restriction fragment length polymorphism. Anthropometric and biochemical data were
measured at baseline, 1 mo, and 2 mo of nutritional intervention.
Results: The mean age was 38.6 � 11.3 y and the mean body mass index 32.7 � 6.1 kg/m2, with 20
men (18%) and 89 women (82%). Fifty-three patients (48.6%) had genotype Ala54Ala (wild-type
group) and 56 patients had genotype Ala54Thr/Thr54Thr (51.4%, mutant group). At baseline, no
significant difference was found between the FABP2 genotypes groups, except for the carbohydrate
intake and resting metabolic rate, which were higher in the Ala54Thr/Thr54Thr group (P < 0.05). At
2 mo, participants had lost 6.8% of their initial weight. The Ala54Thr/Thr54Thr group compared with
the Ala54Ala group showed significant decreases in the parameters of weight (�7.5 versus�4.2 kg),
body mass index (�2.1 versus�1.2 kg/m2), waist circumference (�7.6 versus�5.2 cm), waist-to-hip
ratio (�0.04 versus�0.02), and C-reactive protein (�1.4 versus�0.76 mg/L), respectively (P< 0.05).
After the resting metabolic rate was adjusted, the decreases in waist circumference, waist-to-hip
ratio, and C-reactive protein remained significant between the two groups.
Conclusions: This study showed that the Thr54 allele carriers responded better to amoderate-fat diet.

� 2013 Elsevier Inc. All rights reserved.
Introduction

Obesity has become a major health problem in modern
societies, with a prevalence of up to 31% in certain countries and
an increasing incidence in children [1,2]. Globally, Mexico
occupies the second place in the prevalence of obesity [3]. The
prevalences of overweight and obese people in the adult
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population are 40% and 30%, respectively [4]. Being overweight
or obese, specifically viscerally obese, increases the risk of
comorbid diseases such as cardiovascular diseases, type 2 dia-
betes, dyslipidemias, arterial hypertension, insulin resistance,
and the metabolic syndrome [5]. Some studies have reported
that a loss of 5% to 10% of the initial weight is enough to achieve
changes in clinical, anthropometric, and lipid parameters. These
changes can be achieved by low-energy diets, balanced diets, and
low-fat diets [6–8].

Obesity is a complex disease that involves interactions
between environmental and genetic factors, which contribute
substantially to its pathogenesis.
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The fatty acid–binding protein gene (FABP2) is a candidate
gene that is involved in the etiology of metabolic disorders such
as obesity and type 2 diabetes, among others [9–11]. The FABP2
gene encodes the intestinal fatty acid–binding protein (I-FABP),
which is found in enterocytes and is involved in the intracellular
transport of long-chain fatty acids. A nucleotide substitution of
G for A at codon 54 of exon 2 of the FABP2 gene results in an
alanine (Ala) for threonine (Thr) substitution [9]. The Thr54
variant has been shown to have a two-fold greater binding
affinity for the long-chain fatty acids [9,12]. The Thr54 isoformhas
been associated with hypertriglyceridemia, an increased body
mass index (BMI), hyperinsulinemia, and insulin resistance [9,10,
13,14]. Because of the role of I-FABP, it is considered a gene that
canmodify interindividual responses to a particular diet. The aim
of this study was to analyze the effect of a moderate-fat diet on
anthropometric and biochemical variables in overweight or
obese subjects to determine interindividual responses to the diet
according to the FABP2 genotype.
Materials and methods

Participants

This prospective study was based on a controlled dietary intervention. In the
study, 109 subjects (20 male and 89 female) were included; the subjects were
overweight or obese (BMI �25 kg/m2) and 18 to 65 y of age. We conducted the
trial from April 2008 through December 2008 in Guadalajara, Jalisco, Mexico. All
the studies were conducted at the Department of Molecular Biology in Medicine,
Civil Hospital of Guadalajara “Fray Antonio Alcalde”. The exclusion criteria
included a history of cardiovascular disease or stroke. In addition, subjects were
excluded if theywere pregnant. None of the subjects were alcohol and/or tobacco
users and they were not taking lipid- or weight-lowering medication, sulfonyl-
ureas, thiazolidinediones, insulin, glucocorticoids, antineoplastic agents, angio-
tensin receptor blockers, angiotensin-converting enzyme inhibitors, or
psychoactive medication. All the subjects gave their written informed consent
before inclusion in the study. The study was approved by the ethical committee
for human research of the Civil Hospital of Guadalajara “Fray Antonio Alcalde”
and the University of Guadalajara.
Dietary intake

The patients were provided with a prospective serial assessment of their
nutritional intake with 3-d written food records. All the enrolled subjects were
asked to record their daily dietary intakes for 3 d, including a weekend day. The
records were reviewed by the same registered dietitian and analyzed with
a computer-based data evaluation system (Nutrikcal VO program, Mexico, D.F.,
Mexico). Handling of the dietary data was performed by using food scales and
models to increase the accuracy of the portion size, which was based on Mexican
food composition tables as the reference [15]. The proportions of the daily intake
of macronutrients in the moderate-fat diet were 30% fat (saturated fat <7%,
monounsaturated fat 10–15%, and polyunsaturated fat 10%, of total calories), 15%
protein, and 55% carbohydrates. The dietary cholesterol was lower than 200 mg/
d, fiber intake was increased to 25 g/d (50% soluble fiber), and 2 g/d of plant
stanols/sterols were included. Each participant’s habitual caloric intake was
decreased by 500 kcal/d. In the recommended diet, the caloric intake was not
lower than 1000 or 1200 kcal/d inwomen andmen, respectively. The tool used to
evaluate the dietary adherence was a single 24-h dietary recall obtained from
each participant at 1 and 2 mo of follow-up. Also, during the 2-mo intervention,
the dietitian conducted motivational telephone calls with the participants who
had difficulties with adhering to the dietary advice.
Anthropometric measurements

The subjects, who were dressed in light clothing, were measured for height
and weight during a 12-h fast. The BMI was calculated as kilograms per meter
squared. The waist (narrowest diameter between the xiphoid process and the
iliac crest) and hip (the widest diameter over the greater trochanters) circum-
ferences were measured to derive the waist-to-hip ratio. Tetrapolar body elec-
trical bioimpedance was used to determine the body composition (InBody 3.0,
Biospace Co., Ltd., Korea [South]). Blood pressure was measured with a sphyg-
momanometer after at least a 10-min rest. Two readings were taken from the
right arm and the average was used.
Indirect calorimetry

For the measurement of the resting energy expenditure, the subjects
remained with a 12-h overnight fast. The resting metabolic rate (RMR) was
measured in the awake patient in a sitting position who was fitted with a face
mask in a temperature-controlled room over a 20-min period with an open-
circuit indirect calorimetry system (standardized for temperature, pressure,
and moisture; Cardio Coach Plus, 9000 model KORR, Salt Lake City, Utah, USA).
The RMR (kilocalories per day) was registered.

Biochemical measurements

Venous blood was taken from 07:00 to 09:00 a.m. after a 12-h overnight fast.
All biochemical evaluations were determined by dry chemistry on a Vitros 250
Analyzer (Ortho Clinical Diagnostics, Johnson & Johnson, Rochester, NY, USA). The
following testswere evaluated: glucose, C-reactive protein (CRP), triacylglycerols,
total cholesterol, high-density lipoprotein cholesterol, and low-density lipopro-
tein cholesterol were calculated using the Friedewald formula and very
low-density lipoprotein cholesterol concentration was calculated as: total
cholesterol minus (low-density lipoprotein cholesterol plus high-density lipo-
protein cholesterol).

For quality control purposes, we used a human pooled serum and
a commercial control serum (Ortho Clinical Diagnostics, Johnson & Johnson) to
account for the imprecision and inaccuracy of the biochemical measurements.
The intra-assay variability (coefficient of variation) of biochemical assays was
measured using 10 repeated determinations of the control serum in the same
analytical session, whereas the inter-assay coefficient of variation for each vari-
able was calculated by themean values of control serameasured in five analytical
sessions. When necessary, the serum was diluted with bovine serum albumin
according to the manufacturers’ instructions. Insulin levels were measured using
a microparticle enzyme immunoassay (Abbott Diagnostics, Abbot Laboratories,
Abbot Park, Illinois, USA). All determinations were performed at baseline and 1
and 2 mo after the nutritional intervention.

Definitions

The cutpoints used for hypertriglyceridemia, hypercholesterolemia, and
hypoalphalipoproteinemia were �150 mg/dL (1.69 mmol/L), �200 mg/dL (5.17
mmol/L), and �40 m/dL (1.29 mmol/L) respectively. The insulin resistance was
calculated using the homeostasis model assessment (HOMA-IR). The HOMA-IR
was calculated using the following formula: HOMA index ¼ (fasting insulin
[mU/mL] � fasting glucose [mmol/L]) � 22.5�1. A HOMA-IR >2.5 was considered
insulin resistance. The cutpoint used for the criteria of abdominal obesity was
a waist circumference >102 cm in male and >88 cm female subjects.

Genotyping of the FABP2 gene polymorphism

Genomic DNA was extracted from peripheral leukocytes using the method
previously described by Miller et al. [16]. A polymerase chain reaction (PCR)–
restriction fragment length polymorphism assay was developed for genotyping.
The genomic DNA fragment containing the Ala54Thr polymorphism was ampli-
fied by using two primers flanking exon 2 of the FABP2 gene. PCR was performed
in a total volume of 50 mL containing 500 ng of genomic DNA, 1.5 mM MgCl2, 50
mM KCl, 10 mM Tris-HCl (pH 8.3), 200 mM of each deoxynucleoside triphosphate,
1 U of Taq polymerase (Invitrogen, Life Technologies, Foster City, CA, USA), and 0.1
mM of each primer (forward primer, 50-ACAGGTGTTAATATAGTGAAAAG-30;
reverse primer, 50-CTGAGTTCAGTTCCGTCTGCTAG-30). PCR was carried out with
an initial denaturation time of 5 min at 94�C followed by 35 cycles (45 s at 94�C,
60 s at 55�C, and 45 s at 72�C) and a final extension of 5 min at 72�C (GeneAmp
PCR 2400 CA, Thermocycler Applied Biosystem, Foster City, CA, USA). Then, a 10-
mL PCR product (176 bp) was digested with 2.5 U of the restriction enzyme HhaI
(New England Biolabs, Beverly, MA, USA) in a total volume of 25 mL. After incu-
bation at 37�C for 3 h, the digested products were separated by electrophoresis
on a 3% agarose gel and visualized by staining with ethidium bromide.

The Thr54 allele lacking the HhaI restriction site migrates as a single 176-bp
fragment, and the Ala54 allele containing the HhaI restriction site is cleaved in
two 100-bp and 76-bp fragments. Thirty percent of the total population was
genotyped twice to exclude genotyping errors.

Statistical analyses

The sample size was calculated based on the assumption that the Thr54 allele
frequency worldwide is an average of 30% with 90% power. The data were
analyzed with the SPSS 10.0 (SPSS, Inc., Chicago, IL, USA). The distribution of
variables was analyzed by the Kolmogorov–Smirnov test. The results were
expressed as mean � standard deviation. The statistical analysis was performed
by placing the Ala54/Thr54 and Thr54/Thr54 carriers in a single group and the
wild-type Ala54/Ala54 carriers in a second group. The effect of the dietary
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intervention was assessed by using repeated measures analysis of variance using
intrasubject and intersubject contrast tests for the baselinemeasurements versus
those at months 1 and 2 (general linear model). Post hoc differences among
means were detected using the Bonferroni test. Changes in dependent
measurements from baseline to month 2 were calculated and compared using
the t test. A multivariate model was constructed to test the independent influ-
ence of the T allele. P < 0.05 was considered statistically significant.
Results

We analyzed 109 subjects (BMI �25kg/m2) with a mean
body weight of 86.1 � 18.0 kg and a mean age of 38.6 � 11.3 y.
Eighty two percent of the participants were women. Forty-one
patients (37.6%) were overweight and 68 patients (62.4%) had
different degrees of obesity. The average nutritional intake of
the patients according to the 3-d written food records was
2308.9 � 713.9kcal/d and was composed of 15% protein, 47%
carbohydrates, and 38% fat (11% saturated fat, 13% mono-
unsaturated fat, and 6% polyunsaturated fat of total calories).

The FABP2 Ala54Thr polymorphism was determined in the
total population.We identified 53 subjects with Ala54Ala (48.6%),
51 subjects with Ala54Thr (46.8%), and 5 subjects with Thr54Thr
(4.6%). The frequencies of the Ala54 and Thr54 allele were 0.72
and 0.28, respectively. The distribution of genotypes was
concordant with the Hardy–Weinberg equilibrium (P ¼ 0.329).
During the statistical analysis, subjects with the Ala54Thr geno-
type and those with the Thr54Thr genotype were grouped
together and compared with the Ala54Ala carrier group. The
proportions of overweight and obese subjects were similar in the
two groups (Ala54Ala versus Ala54Thr/Thr54Thr). Table 1 pres-
ents the differences in demographic, anthropometric, dietary,
serum lipid level, dyslipidemia, and abdominal obesity data in
the two groups (Ala54Ala versus Ala54Thr/Thr54Thr). No major
Table 1
Baseline characteristics of the study participants

Variables Ala54Ala (n ¼ 53)

Men/women 7/46
Age (y) 38.3 � 11.3
Weight (kg) 83.1 � 15.5
Body mass index (kg/m2) 32.5 � 5.6
Body fat (%) 40.6 � 6.6
Waist circumference (cm) 99.4 � 14
Waist-to-hip ratio 0.85 � 0.07
Energy (kcal/d) 2262 � 766
Carbohydrates (%) 45 � 8
Fat (%) 39 � 7
Saturated fat (%) 11 � 3
Protein (%) 16 � 3
Dietary fiber (g/d) 18 � 8
RMR (kcal/d) 1662 � 430
Systolic blood pressure (mmHg) 113 � 12
Diastolic blood pressure (mmHg) 78 � 10
Glucose (mg/dL) 99 � 23.4
Triacylglycerols (mg/dL) 169 � 115
Total cholesterol (mg/dL) 184 � 37
HDL-C (mg/dL) 39 � 9
LDL-C (mg/dL) 112 � 34
VLDL-C (mg/dL) 31.2 � 19
Insulin (mU/mL) 13.7 � 6
HOMA-IR 3.3 � 1.5
CRP (mg/L) 7.6 � 6
Hypertriglyceridemia (%) 49
Hypercholesterolemia (%) 35.8
Hypoalphalipoproteinemia (%) 60.4
Abdominal obesity (%) 75.4

CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin
cholesterol; NS, not significant; RMR, resting metabolic rate; VLDL-C, very low-densi
Categorical variables are presented as number (percentage) and continuous variables
differences in baseline values were observed between either
group, except for the carbohydrate intake and RMR, which were
higher in the Ala54Thr/Thr54Thr group compared with the
Ala54Ala group (P < 0.05).

Table 2 presents the anthropometrics and clinical character-
istics according to the FABP2 genotypes at baseline and 1 and 2
mo after the nutritional intervention. The biochemical
measurement changes according to the FABP2 genotype during
the dietary intervention are presented in Table 3. The changes in
endpoints between the FABP2 genotype groups are presented
in Table 4. Although the observed changes were more prominent
in the Thr54 allele carriers, we performed amultivariatemodel to
test the independent influence of the Thr54 allele on the
observed changes after including the carbohydrate intake and
RMR as covariables; only RMR remained as an independent
variable. The estimated marginal means of each observed
outcome change were �5.2 versus �7.2 for waist circumference
(P< 0.05),�0.018 versus�0.036 for waist-to-hip ratio (P< 0.05),
�0.74 versus�1.3 for CRP (P< 0.05),�4.4 versus�7.3 for weight
(P¼ 0.09), and�1.2 versus�2.06 for BMI (P¼ 0.08) for the Ala54
and Thr54 allele carriers, respectively.

Discussion

The genetic factors involved in the development of obesity
have been described: genes regulating body weight, adipocyte
differentiation, food intake, and lipid metabolism. One of the
genes involved in lipid metabolism is the FABP2 gene. Some
studies have associated the Thr54 allele of FABP2 to insulin
resistance, hypertriglyceridemia, obesity, and type 2 diabetes
[10,11,12]. In this study, we found that dietary intervention
allowed for differences between the Ala54Thr polymorphisms of
Ala54Thr/Thr54Thr (n ¼ 56) P

13/43 NS
38.9 � 11.4 NS
85.8 � 18.6 NS
32.8 � 6.7 NS
39.1 � 7 NS

101.1 � 15 NS
0.89 � 0.08 NS
2353 � 666 NS

49 � 7 <0.05
36 � 8 NS

10.5 � 2 NS
15 � 3 NS
20 � 7 NS

1854 � 471 <0.05
120 � 9 NS
79 � 11 NS
94 � 12 NS

181 � 124 NS
190 � 36 NS
43 � 12 NS

111 � 28 NS
32.4 � 17.2 NS
13.9 � 8 NS
3.2 � 2 NS
8.8 � 6 NS

43 NS
33.9 NS
51.8 NS
75 NS

resistance using homeostasis model assessment; LDL-C, low-density lipoprotein
ty lipoprotein cholesterol
as mean � SD



Table 2
Anthropometric variables according to FABP2 genotype

Variables Ala54Ala Ala54Thr/Thr54Thr

Baseline Month 1 Month 2 Baseline Month 1 Month 2

Weight (kg) 83.1 � 15.5 81.3 � 15.5* 80.3 � 15.6* 85.8 � 18.6 81.8 � 17.8* 80.2 � 17.6*

Body mass index (kg/m2) 32.5 � 5.6 31.7 � 5.6* 31.3 � 5.5* 32.8 � 6.7 31.4 � 5.9* 30.7 � 5.8*

Body fat (%) 40.6 � 6.6 39.4 � 6.8* 39 � 6.7* 39.1 � 7.0 37.8 � 7.8* 37.2 � 7.1*

Waist circumference (cm) 99.4 � 13.6 95.9 � 13.2* 94.1 � 12.4* 101.1 � 14.7 96.6 � 13.7* 93.6 � 13.2*

Waist-to-hip ratio 0.85 � 0.07 0.84 � 0.07* 0.83 � 0.06* 0.89 � 0.08 0.86 � 0.07* 0.85 � 0.06*

RMR (kcal/d) 1662 � 430 ND 1733 � 518 1853 � 471 ND 1917 � 538
Systolic blood pressure (mmHg) 112.6 � 12.2 108 � 8* 106 � 10* 120.5 � 9 114.9 � 8.5* 111.2 � 10*

Diastolic blood pressure (mmHg) 77.9 � 10.1 75.5 � 9.6* 75.5 � 11.4 78.9 � 11 74 � 9.3* 74.7 � 8.2*

ND, not determined; RMR, resting metabolic rate
All values are expressed as mean � SD

* Significant difference observed versus baseline (P < 0.01). Post hoc differences among means were detected using the Bonferroni test.
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the FABP2 gene in overweight and obese patients. Our results
showed that dietary modifications by limiting the saturated fat
intake (<7%) significantly decreased the parameters of BMI,
waist circumference, waist-to-hip ratio, and CRP in Thr54 allele
carriers. In addition, after the RMRwas adjusted, the decreases in
waist circumference, waist-to-hip ratio, and CRP remained
statistically significant. Chamberlain et al. [17] demonstrated
that the Ala54Thr/Thr54Thr genotypes of FABP2 have an associ-
ationwith increased lipids and insulin resistance compared with
the Ala54Ala genotype in the presence of high-saturated fat
intake. Therefore, the present results confirm the suggestions by
Chamberlain et al. that “limiting dietary intake of saturated fat is
particularly important in Thr54 allele carriers.” Previously, we
found that obese subjects carrying the Thr54 allele have an
increased cardiovascular risk, which was shown by an increase in
anthropometric and biochemical variables compared with Ala54
allele carriers [18]. Therefore, these outcomes are important
because they are anthropometric, cardiovascular, and inflam-
matory indicators of nutritional and clinical relevance that could
be useful for the prevention of chronic disease. Our study
suggests that the effects of the Thr54 allele and the diet
contributed to the decrease in these parameters as a result of
changes in the amount and type of fat intake. Under this
condition, the isoform Thr54-I-FABP captures more “good”
substrates (monounsaturated and polyunsaturated fats) instead
of “bad” substrates (saturated fats) [7,19]. Consequently, the
Thr54 isoform could be contributing indirectly to the expression
of genes influenced by the peroxisome proliferator-activated
receptor [20,21].

We observed that subjects with the Ala54Ala or Ala54Thr/
Thr54Thr genotypes had a similar lipid response to themoderate-
Table 3
Biochemical characteristics according to FABP2 genotype

Variables Ala54Ala

Baseline Month 1 Mo

Glucose (mg/dL) 99.7 � 26.5 88.6 � 13.6* 88
Triacylglycerols (mg/dL) 168.5 � 114.7 130.1 � 66.7* 131
Total cholesterol (mg/dL) 184.4 � 36.8 174.1 � 29.4* 181
HDL-C (mg/dL) 39.2 � 9.1 36.4 � 7.9*

LDL-C (mg/dL) 112 � 34.4 113 � 29.1 1
VLDL-C (mg/dL) 31.2 � 19.3 24.5 � 11.7* 26
Insulin (mU/mL) 13.7 � 5.8 12.2 � 6* 11
HOMA-IR 3.3 � 1.5 2.7 � 1.5 2
CRP (mg/L) 7.6 � 6.2 6.7 � 3 6

CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin
cholesterol; RMR, resting metabolic rate; VLDL-C, very low-density lipoprotein chole
All values are presented as mean � SD

* Significant difference observed versus baseline (P < 0.01). Post hoc differences am
fat diet. However, in previous studies, the Thr54 allele was
associated with increased postprandial lipemia in response to
the dietary fat type in chylomicron cholesterol [8], chylomicron
14–18 carbon fatty acids, and very low-density lipoprotein
cholesterol triacylglycerols [22], and triacylglycerols and non-
esterified fatty acids [23]. We probably did not find this associ-
ation because lipid measurements were performed in the fasting
state (12 h) and those investigators reported postprandial data.
Other investigators have demonstrated a relation of the Ala54Thr
polymorphism on insulin resistance with type 2 diabetes melli-
tus and with morbid obesity [24,25] and an association of the
Ala54Thr and Thr54Thr phenotypes with levels of CRP and
cardiovascular risk factors in obesity [26]. In this study, we did
not find changes in insulin resistance and CRP at baseline by
FABP2 genotype. These discrepancies in the insulin resistance
and CRP of this polymorphism may be explained by the BMI and
by the inclusion criteria of subjects in previous studies in the
literature.

Moreover, some studies have shown the influence of the
Ala54Thr polymorphism of FABP2 on the response to different
diets. Mar�ın et al. [27] reported that subjects with the Thr54
allele had less insulin sensitivity and increased free fatty acid
concentrations after a high saturated fatty acid diet compared
with the Mediterranean diet (high monounsaturated fat) and
low-fat and high-carbohydrate diets. This demonstrates the
importance of controlling the amount and type of fat intake,
specifically in Thr54 carriers. In contrast, de Luis et al. [28]
demonstrated that the FABP2 polymorphism influences the
response to a Mediterranean hypocaloric diet (1,520 kcal; 52%
carbohydrates, 25% lipids, and 23% proteins) and exercise in
obese patients. These investigators also demonstrated that
Ala54Thr/Thr54Thr

nth 2 Baseline Month 1 Month 2

.2 � 11.7* 93.7 � 12.2 87 � 11.7* 87.9 � 8.7*

.6 � 61.8* 180.8 � 124 154.2 � 97.4* 152.2 � 90.8*

.8 � 31.6* 189.8 � 36.3 175.7 � 30.5* 182 � 31.8*

36 � 8.5* 43.1 � 12 37.4 � 9.2* 36.9 � 9.3*

19 � 32.3 110.5 � 28.3 110.4 � 27.5 115.8 � 28
.8 � 15.9* 32.4 � 17.2 29.3 � 17* 28.7 � 15.4*

.6 � 5.9* 13.9 � 8.2 11.4 � 6.1* 11.1 � 6.1*

.5 � 1.4 3.2 � 2 2.3 � 1.4 2.4 � 1.4

.8 � 3.5 8.8 � 5.9 8.1 � 3.9 7.2 � 3.9*

resistance using homeostasis model assessment; LDL-C, low-density lipoprotein
sterol

ong means were detected using the Bonferroni test.



Table 4
Changes in anthropometric, clinical, and biochemistry endpoints between FABP2
genotypes

Variables FABP2 genotypes P

Ala54Ala (D) Ala54Thr/
Thr54Thr (D)

Weight (kg) �4.2 � 0.7 �7.5 � 1.2 <0.05
Body mass index (kg/m2) �1.2 � 0.2 �2.1 � 0.9 <0.05
Body fat (%) �1.6 � 0.1 �1.9 � 0.1 NS
Waist circumference (cm) �5.2 � 0.4 �7.6 � 0.6 <0.05
Waist-to-hip ratio �0.02 � 0.01 �0.04 � 0.02 <0.05
RMR (kcal/d) 71 � 88 64 � 66 NS
Systolic blood pressure (mm Hg) �6.7 � 3.2 �8.8 � 2 NS
Diastolic blood pressure (mm Hg) �2.4 � 1.1 �4.6 � 2.4 NS
Glucose (mg/dL) �9.8 � 12.7 �4.7 � 2.2 NS
Triacylglycerols (mg/dL) �35 � 51.2 �24.8 � 21.7 NS
Total cholesterol (mg/dL) �5.6 � 5 �6.6 � 4.3 NS
HDL-C (mg/dL) �4.5 � 1.8 �4.8 � 3.1 NS
LDL-C (mg/dL) 5.7 � 2.5 2.3 � 1.1 NS
VLDL-C (mg/dL) �4.3 � 3 �4 � 2.2 NS
Insulin (mU/mL) �1.9 � 0.2 �2.5 � 1.8 NS
HOMA-IR �0.7 � 0.1 �0.8 � 0.4 NS
CRP (mg/L) �0.76 � 0.2 �1.4 � 0.18 <0.05

CRP, C-reactive protein; D, mean of month 2 minus mean of baseline; HDL-C,
high-density lipoprotein cholesterol; HOMA-IR, insulin resistance using
homeostasis model assessment; LDL-C, low-density lipoprotein cholesterol; NS,
not significant; RMR, resting metabolic rate; VLDL-C, very low-density lipopro-
tein cholesterol
Data are presented as mean � SD
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weight loss and decreased anthropometrics and cardiovascular
risk factors were associated with the FABP2 genotype in response
to caloric restriction with different macronutrient distributions
(low-fat or low-carbohydrate diet) [7,28]; however, they did find
changes in inflammatory markers such as CRP. This may be due
to the percentage of saturated fat intake (�7%), or because in
these studies [7,25] the lipids and CRP background at baseline
were lower than in our study.

Obesity is a low-grade chronic inflammatory disease with
a positive association between BMI and serum CRP levels [29].
This is because the adipose tissue expresses inflammatory cyto-
kines such as tumor necrosis factor-a and interleukin-6. The
latter increases the production of acute-phase proteins (inflam-
matory markers) in the liver such as CRP [29]. Importantly, at
baseline, patients had increased CRP levels that decreased at the
end of the dietary intervention (P< 0.05). This result is consistent
with a previous report by Rankin and Turpin [30] that showed
that a high-carbohydrate (60%) and moderate-fat (<30%) diet
contributes to lower serum levels of CRP [30]. Our results showed
that Thr54 allele carriers had significantly lower CRP levels at the
end of the nutritional intervention compared with the Ala54
allele carriers. Also, it suggested that the dietary restriction and
composition (moderate-fat diet,<7% saturated fat) gradually had
influenced weight loss and adipose tissue, which can favor the
decrease of oxidative stress and inflammation. Nevertheless,
further studies are required to evaluate other molecules involved
in inflammation and oxidative stress. Therefore, as postulated by
the principles of nutrigenetics, this study showed the influence of
a dietary intervention based not only on the modulation of the
amount of calories and the type or source of macronutrients but
also according to an individual’s genotype.

However, the micronutrient intake is also important, as
indicated by Torres et al. [31] who demonstrated that a higher
dietary calcium intake (�800 mg/dL) is associated with lower
adiposity. Therefore, it would be interesting to analyze the
interindividual responses to different micronutrients.
However, the benefits of the selected diet are presented from
the 1-mo follow-up; these effects are probably due to an
adherence of approximately 90% to the diet reported by the
patients. However, at the 2-mo follow-up, the effects decreased,
which is probably due to an adherence of approximately 75% to
the dietary intervention (data not shown). Therefore, promoting
weight loss in patients with enthusiasm and persistence is a very
effective measure to achieve adherence and motivation.

Several differences between our results and those of other
studies could be explained by the interindividual variability
between populations and/or by others factors such as lifestyle
changes, population type, diet type, inflammatory background,
study design, time of follow-up, or baseline difference. The
limitations of this study were the lack of a comparative diet, loss
of dietary adherence, and a short follow-up.

Conclusion

This moderate-fat diet had a positive effect on anthropo-
metric and biochemical variables in overweight or obese
subjects. The Thr54 allele carriers were better responders.
Therefore, this evidence supports the fact that genetics and
environmental factors can be used as a treatment tool to
decrease body weight and weight-related complications.
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