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Objective: The FABP2 Ala54Thr polymorphism has been associated with insulin resistance and diabetes in several population

The aim of this study was to estimate the prevalence of FABP2 genotypes in 223 Chilean subjects (136 women and 87 men aged 65

79 years) and its association with type 2 diabetes in a 4 years follow-up.

Methods: Glucose, Insulin and lipids were measured in fasting plasma samples. Insulin resistance was estimated through th

homeostasis model assessment. Diabetes was diagnosed according ADA criteria. The Ala54Thr allelic variant was determined b

polymerase chain reaction and restriction fragment-length polymorphism analysis. Logistic regression techniques were used t

assess gene–disease associations.

Results: Genotype frequencies were estimated as 30.5, 49.3 and 20.2% for the Ala/Ala, Ala/Thr and Thr/Thr, respectively. Th

crude OR for the association between Thr54 carriers and diabetes was estimated as 2.18 (1.12–4.24). The corresponding OR for th

association between Thr54 carriers with Metabolic Syndrome was 1.06 (0.59–1.88). After adjustment by BMI and age, a significan

association persists for Thr54Thr carriers and diabetes (OR 2.70; 95% CI 1.113–6.527). The 4-year cumulative incidence o

diabetes was higher in Thr carriers than in non-carriers (20.1% versus 8.5%; p < 0.04). The adjusted association between Thr54Th

polymorphism and diabetes incidence was OR 3.84 (95% CI: 1.140–12.910)

Conclusion: Our results strongly suggest an association between the Ala54Thr polymorphism of FABP2 with diabetes, revealing

genetic dosage effect regarding its association with diabetes in Chilean elders
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1. Introduction

The fatty acid binding protein 2 (FABP2) is a

intracellular protein expressed in the villus tips of th

small intestine, involved in the absorption and transpor

of dietary long chain fatty acids (FA) [1].
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A single nucleotide polymorphism (G-to-A) i

codon 54 of exon 2 resulting in an alanine to threonin

substitution was first associated with insulin resistanc

in Pima Indians without type 2 diabetes [2]. Th

Ala54Thr polymorphism of the FABP2 is relativel

common occurring in 30% to 35% of the studie

populations [2,3]. Individuals carrying at least one cop

of the Thr54 allele have a two-fold greater affinity fo

the long-chain FA than those with the Ala54-containin

FABP2 [2]. A resulting increased flux of dietary fatt

acids in the circulation may lead to an impairment o
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sensitivity of glucose metabolism to insulin, supporting

the role of the FABP2 Ala54Thr polymorphism in the

aetiology of metabolic disorders [3,4]. FABP2

Ala54Thr variant has been associated with an increased

fasting insulin concentration, an increased rate of fat

oxidation, reduced insulin-stimulated glucose uptake

and increased concentrations of fasting and postprandial

triglyceride-rich lipoprotein [4–9]. Previous studies

have found contradictory associations between FABP2

genotypes and the occurrence of type 2 diabetes, obesity

or decreased insulin sensitivity [4,9–13].

The aim of this study was to estimate the prevalence

of FABP2 genotypes in a population-based sample of

Chilean subjects and to evaluate their association with

type 2 diabetes in a 4-year follow up.

2. Subjects and methodology

The present study is part of a cross sectional study conducted

in the year 2000 in a representative sample of 1301 subjects�60

years and older residing in Santiago, Chile, described elsewhere

[14,15] to study health and wellbeing of the elderly (SABE

Study). From the SABE original sample, 1202 subjects had

complete measurements from which 909 frozen blood samples

were available to study Ala54Thr genotypes of FABP2. Of these

909 individuals, four years later 151 were reported to have died,

594 subjects were accessible and 164 were lost to follow-up.

Our study sample is a sub-sample selected, regardless of disease

status, from the 594 accessible subjects. We studied 223 indi-

viduals, 136 women and 87 men, aged 65–79 years. This sample

size provides a statistical power of 80% and a confidence level

of 95% to find differences between FABP2 genotypes and the

incidence of type 2 diabetes, assuming a 4-year incidence of

10% for the reference group, and a hypothesized incidence

probability of 0.20 for genetic high-risk group.

The study protocol was approved by the Institutional

Review Board at INTA, University of Chile and all subjects

gave written informed consent.

2.1. Anthropometric measurements

Height and weight were measured in light clothing, with-

out shoes. Body mass index (BMI) was calculated as weight in

kilograms divided by the square of height in meters. Obesity

was defined according World Health Organization (WHO)

criteria as a BMI �30 kg/m2 [16]. Waist circumference was

measured in a horizontal plane around the abdomen at level of

iliac crest. Elevated waist circumference was defined as

�102 cm in men and �88 cm in women [17]. Blood pressure

was measured using a sphygmomanometer after at least a 5-

min rest. Two readings were taken from the left arm, systolic

pressure and diastolic pressure were estimated and the average

was used. Hypertension was defined according 1999 World

Health Organization—International Society of Hypertension

guidelines for the management of hypertension [18], as the
proportion of subjects with systolic blood pressure at least

140 mmHg or diastolic blood pressure at least 90 mmHg or

presently using hypertension medication. Diagnosis of dia-

betes was made with a fasting plasma glucose �126 mg/dl or

presently taking oral hipoglycemic drugs [19].

2.2. Biochemical measurements

Blood samples were taken in the morning after a 12 h

overnight fast. Serum fasting glucose was measured by the

glucose oxidase technique and serum fasting insulin was

determined by means of radioimmunoassay (RIA Diagnostic

Corporation, USA). The lipid profile total cholesterol, HDL-

cholesterol and triglycerides were determined with enzymatic

colorimetric methods using commercial kits (Boehringer

Mannheim, Germany). Insulin resistance was assessed by

the relationship between fasting glucose and insulin concen-

trations, and analyzed by the homeostasis model assessment

(HOMA) [20].

2.3. Genetic analysis of FABP2 gene

Genomic DNAwas extracted from leukocytes by the phenol/

chloroform method followed by proteinase K (GIBCO BRL,

USA). Amplification of the FABP2 gene sequence was per-

formed by polymerase chain reaction (PCR) in a volume of

25 ml containing 0.5 U of Taq DNA polymerase (Invitrogen,

USA). 10 mmol/l Tris–HCl pH 8.3, 50 mmol/l KCl, 1.5 mmol/l

of MgCl2, 100 mmol/l of dNTPs using the following primers: 50-
AC AGG TGT TAA TAT AGT GAA AAG-30 and 50-TA CCC

TGA GTT CAG TTC CGT C-30. After 35 cycles of 1 min at

94 8C, 1 min at 58 8C and 1 min at 72 8C, aliquots (7 ml) of PCR

products were analyzed on 2% agarose gels (Invitrogen, USA).

The amplified PCR product (180 bp) was digested with 2U HhaI

(Invitrogen, USA) in 10 mmol/l Tris–HCl pH 7.9, 50 mmol/l

NaCl, 10 mmol/l MgCl2 and 1 mmol/l dithiothreitol. After

incubation at 37 8C for 3 h, the digested samples were separated

by electrophoresis through 3% agarose gel and visualized by

staining with ethidium bromide. PCR products having an intact

HhaI site are cleaved into 99 and 81 bp fragments; whereas the

Ala54Thr substitution abolishes the restriction site.

2.4. Statistical methods

Genotype frequencies were estimated by gene counting.

Hardy–Weinberg equilibrium was evaluated through Chi-

square goodness-of-fit test. Differences in frequencies of

dichotomus variables among study groups were assessed

through Chi-square tests. Logistic regression techniques were

used to assess gene–disease associations after adjustment by

confounding variables. All statistical analyses were performed

with STATA 8.0 package (Statacorp. 2003).

3. Results

Genotype and allele frequencies for the FABP2

polymorphism in the sample by gender are given in
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Table 1

Genotype and allele frequencies for the FABP2 polymorphism in the total sample by gender (N = 223)

Men (N = 87), frequency (%) Women (N = 136), frequency (%) Total (N = 223), frequency (%)

Genotype

Ala54Ala 30 (34.5) 38 (27.9) 68 (30.5)

Ala54Thr 45 (51.7) 65 (47.8) 110 (49.3)

Thr54Thr 12 (13.8) 33 (24.3) 45(20.2)

Allele

Ala 105 (60.3) 141(51.8) 246 (55.2)

Thr 69 (39.7) 131(48.2) 200 (44.8)

Table 2

Characteristics of the study group according FABP2 X/Thr genotype

Genotype Ala54Ala mean � S.D.

(N = 68)

Ala54Thr mean � S.D.

(N = 110)

Thr54Thr mean � S.D.

(N = 45)

Total mean � S.D.

(N = 223)

Age (years) 72.1 � 4.6 71.3 � 4.3 71.5 � 4.0 70.5 � 3.9

BMI (kg/m2) 28.9 � 3.9 29.5 � 5.3 28.7 � 4.2 29.2 � 4.7

WC (cm) 98.7 � 10.8 96.9 � 11.6 95.5 � 9.9 97.1 � 11.1

TC (mg/dl) 204.4 � 44.0 211.3 � 43.2 210.0 � 45.0 208.9 � 43.7

TG (mg/dl) 173.1 � 92.7 196.6 � 167.3 184.8 � 117.5 187.0 � 138.9

HDLc (mg/dl) 37.2 � 10.7 40.9 � 14.8 40.4 � 13.2 39.7 � 13.4

SBP (mmHg) 137.3 � 20.2 138.9 � 22.1 137.6 � 17.2 138.1 � 20.5

DBP (mmHg) 81.3 � 12.8 80.5 � 10.2 81.6 � 10.4 80.9 � 11.2

Glucose (mg/dl) 101.4 � 41.0 108.0 � 43.9 107.0 � 44.3 105.8 � 43.0

Insulin (mUI/ml) 9.7 � 8.2 10.3 � 8.5 7.9 � 5.4 9.6 � 7.9

HOMA 2.4 � 2.3 3.0 � 3.8 2.1 � 1.5 2.6 � 3.0

Values are means � S.D.; p = NS.
Table 1. The frequency of Thr carriers was 44.8%,

being the frequencies for the Thr54Thr 20.2 %.

Genotype frequencies agreed with Hardy–Weinberg

expectations.

In Table 2 are described the anthropometric,

biochemical and metabolic characteristic of the study

group according FABP2 genotype. No significant

genotype–phenotype associations with the genotype

were observed.

The crude association of FABP2 polymorphism with

obesity, diabetes, hypertension and elevated waist

circumference is presented in Table 3. There was

significant association between Ala54Thr polymorph-

ism and diabetes (OR = 2.18; 95% CI 1.12–4.24), but
Table 3

Crude association between FABP2 X/Thr genotype and obesity, diabetes, h

Ala54Ala (N = 68)

Obesity 27

Diabetes 14

Hypertension 34

Elevated Waist Circumference 44
not with hypertension nor with obesity neither with

elevated waist circumference.

From the subsample of 223 subjects, 190 subjects

were free of diabetes in 2000. The 4-year cumulative

incidence of diabetes for that group, presented in

Table 4, was 8.5% for the Ala/Ala carriers 17.4% for

Ala/Thr carriers and 28.2% for Thr/Thr carriers

(Pearson x2 = 6.5647 Pr = 0.038).

Finally, in Table 5 is presented a multivariate

analysis to adjust the association between FABP2

polymorphism with diabetes by other possible con-

tributing variables as gender, age, BMI. The analysis

demonstrated a significant association between

Thr54Thr genotype with diabetes for both prevalent
ypertension and elevated waist circumference

X54Thr (N = 155) OR (95% CI) p-Value

62 1.25 (0.73–2.15) 0.236

56 2.18 (1.12–4.24) 0.022

93 1.50 (0.85–2.66) 0.850

83 0.64 (0.34–1.19) 0.134
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Table 4

Risk of type 2 diabetes according FABP2 genotype

4-Year risk Relative risk 95%

Ala54ala 0.0847 Reference –

Ala54Thr 0.1739 2.05 0.79–5.30

Thr54Thr 0.2821 3.33 1.25–8.84
cases (OR = 2.70; 95% CI 1.11–6.53) and incident

cases (OR = 3.84; 95% CI 1.14–12.91).

4. Discussion

The genotype frequencies for FABP2 Ala54Thr

polymorphism in the study group, shows that allele

frequencies (0.45) were slightly higher than those

reported for other populations. It must be stated that the

study group is mostly of Caucasian origin arising from a

representative sample from the city of Santiago where,

according the 2002 Chilean census, only 2% of this age

group population have aboriginal ethnic ancestries [21].

The frequencies of FABP2 Ala54Thr polymorphism

described in others populations fluctuate between 0.30

and 0.35 as in non-diabetic Pima Indians (0.30), Korean

(0.34), Japanese (0.35), Swedish (0.30) and Caucasian

individuals from USA (0.32) [2,3,13,22,23].

Several studies have reported the association

between the Ala54Thr polymorphism of FABP2

with insulin resistance and diabetes [2,13,22–26]. In

the present study we have not found differences in

glycemia, insulin, and serum lipids between FABP2 X/

Thr and Ala54Ala genotype groups although significant

differences in type 2 diabetes were attained. Multiple

gene/environment interactions such as diet, exercise,

body composition and life style modification [27,28]

would determine a potential effect not examined in the

present study. However the apparent contradiction may

in part be explained by the pharmacologic management

of hyperglycemia in diabetics and the therapies directed
Table 5

Logistic regression for prevalent cases and 4-year incident cases of Diabetes

variables

Parameter Diabetes prevalence (n = 222)

OR (95% CI)

Gender (male) 0.02 (0.000–1415)

Age (continuous variable) 0.90 (0.811–1.010)

BMI 1.11 (1.036–1.183)

Ala54Thr genotype 1.84 (0.885–3.810)

Thr54Thr genotype 2.70 (1.113–6.527)

Interaction age/gender 1.06 (0.907–1.244)
to accompanying conditions such as dyslipidemia and

hypertension. Glycemia in diabetic patients are extre-

mely variables depending on diet, physical activity and

pharmacotherapy adherence; on the other side a

confirmed diagnosis of diabetes reveals more accurately

a metabolic disturbance.

The results of the present study are consistent with an

association between the Ala54Thr polymorphism of

FABP2 with Diabetes (OR 2.18; 95%CI 1.12–4.24) but

not with serum lipid alterations, nor with obesity neither

hypertension. The 4-year cumulative incidence of

diabetes demonstrates a higher risk in individuals

carrying at least 1 copy of the Thr54 allele. The highest

incidence of diabetes was observed in individuals

homozygous for the Thr allele suggesting an allelic-

dosage effect.

In a previous study, we have described an association

between the Ala54Thr polymorphism of FABP2 with

insulin resistance and obesity in women [13]. Other

studies reported significant associations between the

FABP2 locus and increased prevalence of insulin

resistance, type 2 diabetes or decreased insulin

sensitivity [2,9,23–26,29]. In Japanese men, the

Thr54Thr genotype was associated with higher insulin

levels at baseline and 2 h after a glucose challenge [23].

Similar results were found in the presence of the Thr54

allele in fasting samples after correcting for body mass

index in Pima Indians [2].

In addition to its association with insulin resistance

and diabetes, it has been proposed that the heavyweight

of dosage of functional mutations of FABP2, the higher

postprandial lipid abnormalities [7]. The Ala54Thr

polymorphism, which results in a higher affinity of

FABP2 for long chain fatty acids, has been associated

with increased total body fat oxidation and a small

elevation of plasma FFA level; however these results

have been inconsistent. An association with higher

postprandial triglyceride levels and lipoprotein extru-

sion has also been observed [7,24]. Moreover, in
as outcome and FABP2 genotype, gender, BMI and age as contributing

Diabetes incidents (n = 190)

p-Value OR (95% CI) p-Value

0.497 0.45 (0.00–73644) 0.913

0.070 0.92 (0.810–1.044) 0.197

0.003 1.13 (1.027–1.233) 0.012

0.103 2.03 (0.681–6.043) 0.204

0.028 3.84 (1.140–12.910) 0.030

0.455 1.01 (0.827–1.244) 0.892
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patients with type 2 diabetes, Thr54 FABP2 poly-

morphism results in increased concentrations of fasting

and postprandial triglyceride and dyslipidemia [8].

It is possible that Thr/Thr homozygous genotype

confers some degree of susceptibility to obesity,

associated with an influence of the genotype on

parameters related to lipid metabolism [29–31]. As it

is well known, elevated FFA increase the accumulation

of triglycerides in the liver (related to compensatory

hyperinsulinemia), this effect is associated with high

levels of fasting insulin. This observation may indicate

the existence of complex unmeasured gene-gene or

gene-environment interactions that may enhance meta-

bolic abnormalities [30,31].

It has been observed that disturbances in glucose

metabolism, dyslipidemias, obesity and elevated blood

pressure are all conditions linked to a higher risk in

several candidate genes. The evidence for a causal

association linking adaptative responses in complex

diseases should be analysed in the context of gene-

environmental and/or gene-gene interaction [27,32]. Two

functional variations in FABP2 gene have been

described. The Ala54Thr variant, that affects binding

and transport and allelic variants in the promoter region

leading to alterations of gene expression. Recent findings

in Caucasian population, suggest that the FABP promoter

haplotype may contribute to type 2 diabetes in a sex-

specific manner [33]. It has been also proposed ethnic-

specific effects on metabolic characteristics determined

by variation in the FABP2 promoter region [29,30]. In

Pima Indians, complete genotypic concordances were

found between promoter variants and the Ala54Thr

polymorphism [32]. On the other hand, in a sample of

non-diabetic Hispanic and non-Hispanic white subjects,

a promoter variant was associated with alterations in

body composition and lipid metabolism in the later but

not in the former [34]. However, it would be possible that

such functional variants are not in genotypic concordance

in other populations and may interact differently on the

development of obesity-related phenotypes.

The cohort old age and accordingly low male

representation is a characteristic that might pose some

limitation to the present study. Although the possible

exercise effects on diabetes incidence have not been

controlled, this factor probably is not determinant

taking in consideration that according the 2003 National

Health Survey 95.7% of the Chilean population >64

year is sedentary [35].

In conclusion, our findings strongly suggest an

association between the Ala54Thr polymorphism of

FABP2 with diabetes, revealing a genetic dosage effect

regarding its association with diabetes in Chilean elders.
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gua, A. Lozano, et al., The Ala54Thr polymorphism of the fatty

acid binding protein 2 gene is associated with a change in insulin

sensitivity after a change in the type of dietary fat, Am. J. Clin.

Nutr. 82 (2005) 196–200.

[7] M.T. Berthier, C. Couillard, D. Prud‘homme, A. Nadeau, J.

Bergeron, A. Tremblay, et al., Effects of the FABP2 A54T

mutation on triglyceride metabolism of viscerally obese men,

Obes. Res. 9 (2001) 668–675.

[8] A. Georgopoulos, O. Aras, M.Y. Tsai, Codon 54 polymorphism

of the fatty acid-binding protein 2 gene is associated with

elevation of fasting and postprandial triglyceride in type 2

diabetes, J. Clin. Endocrinol. Metab. 85 (2000) 3155–3160.

[9] L.J. Baier, C. Bogardus, J.C. Sacchettini, A polymorphism in the

human intestinal fatty acid binding proteins alters fatty acid

transport across Caco-2 cells, J. Biol. Chem. 271 (1996) 10892–

10896.

[10] M.D. Brown, A.R. Shuldinger, R.E. Ferrell, E.P. Weiss, M.T.

Korytkowski, J.M. Zmuda, et al., FABP2 genotype is associated

with insulin sensitivity in older women, Metabolism 50 (2001)

1102–1105.

[11] J.R. Galluzzi, L.A. Cupples, J.B. Meigs, P.W.F. Wilson, E.J.

Schaffer, J.M. Ordovas, Association of the Ala54Thr poly-

morphism in the intestinal fatty acid-binding protein with 2 h

postchallenge insulin levels in the Framingham Offspring Study,

Diabetes Care 24 (2001) 1161–1166.

[12] M. Carlsson, M. Orho-Melander, J. Hendenbro, P. Almgren, L.

Groop, The T54 allele of the intestinal fatty acid-binding protein

2 is associated with a parental history of stroke, J. Clin. Endo-

crinol. Metab. 85 (2000) 2801–2804.

[13] C. Albala, J.L. Santos, M. Cifuentes, A.C. Villarroel, L. Lera, C.

Libermann, et al., Intestinal FABP2 A54T polymorphism: Asso-



C. Albala et al. 
ciation with insulin-resistance and obesity in women, Obes. Res.

12 (2004) 340–345.

[14] C. Albala, M.L. Lebrao, E.M. Leon Diaz, R. Ham-Chande, A.J.

Hennis, A. Palloni, et al., The Health, Well-Being, and Aging

(‘‘SABE’’) survey: methodology applied and profile of the study

population, Rev. Panam. Salud Pública 17 (2005) 307–322.

[15] J.L. Santos, C. Albala, L. Lera, C. Garcia, P. Arroyo, F. Perez

Bravo, et al., Anthropometric measurements in the elderly

population of Santiago, Chile, Nutrition 20 (2004) 452–457.

[16] World Health Organization. Obesity: preventing and managing

the global epidemic. Report of a WHO consultation on obesity.

Geneva: WHO; 1997, p. 9.

[17] Grundy SM, Brewer HI, Cleeman JI, Smith SC, Lenfant C for the

Conference Participants. Definition of metabolic syndrome.

Report of the national heart, lung, and blood institute/American

heart association conference on scientific issues related to defi-

nition. Circulation 2004;109:433–38.

[18] World Health Organization-International Society of hyperten-

sion guidelines for the management of hypertension. Guidelines

subcommittee. J Hypertens 1999;17:151–83.

[19] World Health Organization. Definition, diagnosis and classifica-

tion of diabetes mellitus and its complications. Geneva, Switzer-

land: WHO; 1999. Accessed February 3, 2005. http://

whqlibdoc.who.int/hq/1999/WHO_NCD_NCS_99.2.pdf.

[20] D.R. Matthews, J.P. Hosker, A.S. Rudenski, B.A. Naylor, D.F.

Treacher, R.C. Turner, Homeostasis model assessment: insulin

resistance and b-cell function from fasting plasma glucose and

insulin concentrations, Diabetologı́a 28 (1985) 412–418.

[21] Instituto Nacional de Estadı́sticas (INE) Chile 2004. Resultados

Oficiales Censo de Población 2002. Santiago, Chile; 2004. http://

www.ine.cl.

[22] C.H. Kim, S.K. Yun, D.W. Byun, et al., Codon 54 polymorphism

of the fatty acid binding protein 2 gene is associated with

increased fat oxidation and hyperinsulinemia but not with

intestinal fatty acid absorption in Korean men, Metabolism 50

(2001) 473–476.

[23] K. Yamada, X. Yuan, S. Ishiyama, et al., Association between

Ala54Thr substitution of the fatty acid binding protein 2 gene

with insulin resistance and intra-abdominal fat thickness in

Japanese men, Diabetologia 40 (1997) 706–710.

[24] S. Boullu-Sanchis, F. Lepretre, G. Hedelin, et al., Type 2 diabetes

mellitus: association study of five candidate genes in an Indian
population of Guadeloupe, genetic contribution of FABP2 poly-

morphism, Diabetes Metab. 25 (1999) 150–156.

[25] K.C. Chiu, L.M. Chuang, C. Yoon, The A54T polymorphism at the

intestinal fatty acid binding protein 2 is associated with insulin

resistance in glucose tolerant Caucasians, BMC 2 (2001) 7–13.

[26] N.L. Duarte, S. Colagiuri, T. Palu, X.L. Wang, D.E. Wilcken,

Obesity, type II diabetes and the Ala54Thr polymorphism of

fatty acid binding protein 2 in the Tongan population, Mol Genet

Metab 79 (2003) 183–188.

[27] E.P. Weiss, M.D. Brown, A.R. Shuldiner, J.M. Hagberg, Fatty

acid binding protein 2 gene variants and insulin resistance: gene

and gen-environmental interaction effects, Physiol Genomics 10

(2002) 145–570.

[28] D.A. de Luis, R. Aller, O. Izaola, M.G. Sagrado, R. Conde,

Influence of ALA54THR polymorphism of fatty acid binding

protein 2 on lifestyle modification response in obese subjects,

Ann. Nutr. Metab. 50 (2006) 354–360.

[29] R. Sipilainen, M. Uusitupa, S. Heikkinen, et al., Variants of the

human intestinal fatty acid binding protein 2 gene in obese

subjects, J. Clin. Endocrinol. Metab. 82 (1997) 2629–2632.

[30] Y. Yanagisawa, T. Kawabata, O. Tanaka, M. Kawakami, K.

Hasegawa, Y. Kagawa, Improvement in blood lipid levels by

dietary sn-1,3-diacylglycerol in young women with variants of

lipid transporters 54T-FABP2 and—493-MTP, Biochem. Bio-

phys. Res. Commun. 302 (2003) 743–750.

[31] S. Nakanishi, K. Yamane, N. Kamei, M. Okubo, N. Kohno, The

effect of polymorphism in the intestinal fatty acid-binding

protein 2 gene on fat metabolism is associated with gender

and obesity amongst non-diabetic Japanese-Americans, Dia-

betes Obes. Metab. 6 (2004) 45–49.

[32] M.L. Formanack, L.J. Baier, Variation in the FABP2 promoter

affects gene expression: implications for prior association stu-

dies, Diabetologia 47 (2004) 349–435.

[33] Y. Li, E. Fisher, M. Klapper, H. Boeing, A. Pfeiffer, J. Hampe,

et al., Association between functional FABP2 promoter haplo-

type and type 2 diabetes, Horm. Metab. Res. 38 (2006) 300–307.

[34] C.M. Damcott, E. Feingold, S.P. Moffet, M.M. Barmada, J.A.

Marshall, R.F. Hamman, et al., Variation in the FABP2 promoter

alters transcriptional activity and is associated with body compo-

sition and plasma lipid levels, Hum. Genet. 112 (2003) 610–616.

[35] Ministry of Health, National Institute of Statistics. National

Health Survey (ENS) 2003. Ministry of Health, 2004.

http://whqlibdoc.who.int/hq/1999/WHO_NCD_NCS_99.2.pdf
http://whqlibdoc.who.int/hq/1999/WHO_NCD_NCS_99.2.pdf
http://www.ine.cl/
http://www.ine.cl/

	FABP2 Ala54Thr polymorphism and diabetes in Chilean elders
	Introduction
	Subjects and methodology
	Anthropometric measurements
	Biochemical measurements
	Genetic analysis of FABP2 gene
	Statistical methods

	Results
	Discussion
	Acknowledgment
	References


