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ABSTRACT
Objective: Gestational diabetes mellitus (GDM) is a metabolic disorder that shares pathophysiologic 
features with type 2 diabetes mellitus. The aim of this study was to investigate the association of the 
polymorphisms fat mass and obesity-associated (FTO) rs1421085, leptin receptor (LEPR) rs1137100, 
rs1137101, peroxisome proliferator-activated receptor gamma (PPARg) rs1801282, and transcription 
factor 7-like 2 (TCF7L2) rs7901695 with GDM. Subjects and methods: 252 unrelated Euro-Brazilian 
pregnant women were classified into two groups according to the 2015 criteria of the American and 
Brazilian Diabetes Association: healthy pregnant women (n = 125) and pregnant women with GDM 
(n = 127), matched by age. The polymorphisms were genotyped using fluorescent probes (TaqMan®). 
Results: All groups were in Hardy-Weinberg equilibrium. The genotype and allele frequencies of the 
studied polymorphisms did not show significant differences between the groups (P > 0.05). In the 
healthy and GDM groups, the C allele frequencies (95% CI) of the FTO rs1421085 polymorphism were 
36.8% [31–43%] and 35.0% [29–41%]; the G allele frequencies (95% CI) of the LEPR rs1137100 poly-
morphism were 24.8% [19–30%] and 22.8% [18–28%]; the G allele frequencies (95% CI) of the LEPR 
rs1137101 polymorphism were 43.6% [37–50%] and 42.9% [37–49%]; the G allele frequencies (95% 
CI) of the PPARg rs1801282 polymorphism were 7.6% [4–11%] and 8.3% [5–12%]; and the C allele fre-
quencies (95% CI) of the TCF7L2 rs7901695 polymorphism were 33.6% [28–39%] and 39.0% [33–45%], 
respectively. Conclusion: The studied polymorphisms were not associated with GDM in a Brazilian 
population. Arch Endocrinol Metab. 2017;61(3):238-48.
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INTRODUCTION

G estational diabetes mellitus (GDM) is a complex 
metabolic disorder defined as glucose intolerance 

diagnosed in the second or third trimester of pregnan-
cy (1). In Brazil, about 7% of pregnant women exhibit 
GDM and this prevalence is increasing in parallel with 
the obesity epidemic (2).

As for type 2 diabetes mellitus (T2DM), the 
pathogenesis of GDM is associated with insulin 
resistance owing to a reduction of beta cell function. 
In GDM, pancreatic beta cells are unable to produce 
enough insulin to compensate for the insulin resistance 
that commonly occurs during pregnancy (3,4). GDM 
and T2DM have similar pathophysiologic features, 
suggesting that GDM is also a polygenic disease (5). 
Therefore, studies on the etiology of GDM have 

primarily been based on T2DM-associated genetic 
variants (6).

To further elucidate the genetic mechanisms 
underlying GDM, we selected several gene 
polymorphisms previously associated with T2DM: 
rs1421085 (fat mass and obesity associated; FTO), 
rs1137100 and rs1137101 (leptin receptor; LEPR), 
rs1801282 (peroxisome proliferator-activated receptor 
gamma; PPARg), and rs7901695 (transcription factor 
7-like 2; TCF7L2) and investigated their association 
with GDM. To our knowledge, this is the first study 
involving these genetic variants and GDM in a 
Brazilian population. Figure 1 illustrates the genes and 
polymorphisms studied.

FTO is a protein-coding gene located at the 
chromosome region 16q12.2 and associated with the 
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control of food intake and energy balance (7). Because 
of the relationship between FTO and obesity, several 
studies have been conducted to verify the association 
of FTO polymorphisms and T2DM (8,9). In certain 
populations, FTO variants increase susceptibility to 
T2DM independent of their effect on weight gain, 
suggesting that changes in the environment or other 
genetic factors may contribute to the different associations 
observed between different ethnic groups (10).

Leptin is a hormone produced by adipocytes and 
other tissues such as the gastric mucosa, which acts 
as a signaling molecule in the regulation of body 
fat mass by negative feedback. Reaching the brain 
via the bloodstream, leptin acts on hypothalamic 
receptors thereby reducing appetite, stimulating energy 
consumption and the loss of body mass as well as the 
sympathetic nervous system (11). Leptin exerts its 
function by binding to leptin receptors (Ob-R). The 
soluble isoform of the Ob-R receptor, called Ob-Re, 
is generated by alternative splicing or by proteolytic 

cleavage of the membrane isoform. Leptin molecules 
may circulate as the free form or linked to Ob-R. This 
binding appears to postpone the action of leptin as the 
leptin-soluble receptor complex increases the half-life 
of leptin and modulates its action on target cells (12). 
Leptin receptors are encoded by the LEPR gene (13). 

Leptin receptors are located mainly in the 
hypothalamus, but are also found in tissues and cells 
that regulate glucose homeostasis such as pancreatic 
beta cells. Therein, leptin receptors effect the inhibition 
of insulin secretion mediated by leptin. This behavior 
suggests LEPR as a candidate gene for association with 
DM (14). Consistent with this, LEPR was recently 
identified as a strong candidate for GDM (15) and was 
therefore selected for our study.

Peroxisome proliferator activated receptors, known 
as PPARs, belong to the superfamily of hormonal 
nuclear receptors that act as transcription factors 
regulating gene expression. PPARs play a key role 
in regulating cell differentiation, the metabolism of 

Figure 1. Genomic structure of the studied genes and the location of the selected polymorphisms. rs: reference sequence. (A) FTO: fat mass and obesity 
associated gene. (B) LEPR: leptin receptor gene. (C) PPARg: peroxisome proliferator-activated receptor gamma gene. (D) TCF7L2: transcription factor 
7-like 2 gene.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

240

T2DM-associated genetic variants and GDM

Arch Endocrinol Metab. 2017;61/3

glucose and lipids, and inflammation (16). In long 
periods of hypoglycemia, PPARs are involved in the 
supply of fatty acids and ketone bodies from adipose 
tissue as a source of energy. There are 3 subtypes of 
PPARs encoded by distinct genes: α, β/δ, and γ 
(Figure 1). PPARγ (PPARg) acts as a mediator of 
the link between lipid and glucose metabolism (17). 
Accordingly, PPARg agonists have been used in the 
treatment of dyslipidemia and hyperglycemia (18).

TCF7L2 is a transcription factor involved in 
stimulating the proliferation of pancreatic beta cells 
and the production of GLP-1, which stimulates insulin 
secretion (19). The TCF7L2 gene has been associated 
with T2DM in different populations (19-21). Common 
variants in intronic region of TCF7L2 have been 
identified as strong predictors of T2DM genetic risk 
(22). TCF7L2 polymorphisms modulate blood glucose 
and insulin secretion and the association of rs7901695 
with GDM has previously been described in Caucasians 
(19). Another TCF7L2 polymorphism (rs7903146), 
which is in linkage disequilibrium with rs7901695, has 
been associated with GDM in Danish (23), Australian 
(21), Greek (5), and Swedish (20) populations. 

SUBJECTS AND METHODS

This cross-sectional study was conducted with unrelated 
Euro-Brazilian pregnant women who attended a 
Public Hospital in Southern Brazil. The ethnic group 
classification was based on phenotype (pigmentation of 
the abdomen, hair color, and type and conformation of 
the nose and lips). Participants having white skin and 
European physical characteristics and/or self-reported the 
European ancestry was classified as Euro-Brazilians (24).

The Ethics Committee of the Federal University 
of Parana approved the study and written informed 
consent was obtained from the subjects.

Euro-Brazilians pregnant women with any 
gestational period were included in the study. Subjects 
with kidney (preeclampsia) disease, cardiovascular 
disease or infection disease were excluded.

The sample (n = 252) was classified into two groups 
according to the 2015 criteria of the American Diabetes 
Association (1) and Brazilian Diabetes Association 
(2): healthy pregnant women (Control; n = 125) 
and patients with GDM (n = 127). The groups were 
matched by age. 

Clinical and anthropometric data were obtained 
from all subjects. Hypertension was defined according 

to the VI Brazilian Hypertension Guidelines (25), which 
consider hypertension in pregnancy when the systolic 
blood pressure > 140 mmHg and/or diastolic blood 
pressure > 90 mmHg. No subjects were under anti-
hypertensive treatment. Biochemical parameters were 
determined by routine laboratory methods using the 
automated system Architect ci8200 (Abbott Laboratórios 
do Brasil, Curitiba, PR, Brazil) with reagents, calibrators, 
and controls as recommended by the manufacturer. 
1,5 anhydroglucitol concentrations were measured 
enzymatically (GlycoMark, Inc., New York, NY, USA). 
Glycated hemoglobin (HbA1c) was measured using 
Cobas Integra® 400 Plus (Roche Diagnostica Brasil Ltda., 
São Paulo, SP, Brazil) with the A1C-2 Tina-Quant® 
Hemoglobin A1c Gen 2 reagent method certified by the 
National Glycohemoglobin Standardization Program.

DNA was extracted from whole blood using 
a modified “salting out” method (26) and the 
concentrations were normalized to 20 ng/μL for 
subsequent assays. Only samples with absorbance 
ratios (280/260) between 1.8 and 2.0 (NanoDrop, 
ThermoScientific, Waltham, MA, USA) were used 
in this study. The polymorphisms were genotyped 
using real-time polymerase chain reaction (PCR) 
amplification with fluorescent probes as described in 
Table 1. Genotyping experiments were carried out 
using a 7500 Fast™ Real-Time PCR System (Life 
Technologies/Applied Biosystems Foster City, CA, 
USA). The manufacturer provided the reagents (Master 
Mix® and Genotyping Assay® SNPs) and other real-
time PCR materials (Applied Biosystems). The reaction 
mixture (8 μL final volume) contained 3.0 μL Master 
Mix (DNA polymerase, Mg2+, buffer, and additives), 
0.1 μL SNP Genotyping Assay (40X), 1.9 μL ultrapure 
water, and 3.0 μL genomic DNA at 20 ng/μL. The 
cycle sequencing conditions were: 1 cycle of 1 min at 
60°C (pre-PCR), 1 cycle of 10 min at 95°C, 45 cycles 
of 15 s at 95°C followed by 60°C for 90 s, and 1 final 
cycle of 30 s at 60°C (final extension). The quality of 
the genotyping was 98% or higher.

Normality was tested with the Kolmogorov-Smirnov 
test. Comparisons of parameters with normal distribution 
were performed using the Student t-test for independent 
samples or the Mann-Whitney U test for non-normally 
distributed variables. Categorical variables were compared 
using the Fisher exact test (two-tailed) or the Chi-square 
test, as appropriate. Allele frequencies and Hardy-
Weinberg (HW) equilibrium were evaluated by the Chi-
square test (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl).
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Table 1. Characteristics of the studied polymorphisms

OMIM number Gene Chromosome position Location Polymorphism TaqMan® probe

610966 FTO 16q12.2 Intron 1 rs1421085 C>T C___8917103_10

601007 LEPR 1p31.3 Exon 4

Exon 6

rs1137100

rs1137101

A>G

A>G

C____518168_20

C___8722581_10

601487 PPARg 3p25.2 Exon B rs1801282 C>G C___1129864_10

602228 TCF7L2 10q25.2– 25.3 Intron 3 rs7901695 C>T C___384583_10

OMIM: Online Mendelian Inheritance in Man®.
References: (46,47).

Data analysis was performed using Statistica for 
Windows 8.0 software (StatSoft Inc., Tulsa, OK, USA), 
and a probability less than 5% (P < 0.05) was considered 
significant for all analyses.

RESULTS 

Anthropometric and laboratorial data are presented in 
Table 2. The GDM group presented a higher body mass 
index (32.7 ± 5.0 vs 26.9 ± 6.3 kg/m2; P < 0.001). 
The mean of systolic and diastolic blood pressure 
(mmHg) for control and GDM groups were 108.8 ± 
13.3/68.7 ± 9.2 vs 118.4 ± 12.9/73.8 ± 10.5 (P < 
0.001). The frequency of hypertension in subjects with 
GDM differed from the control group, being higher 
(14.9% vs 4.8%, respectively, P = 0.007). GDM group 
also had a higher family history of DM (approximately 
70%) when compared with Euro-descendant healthy 
pregnant women from Portugal (16%) (27) and France 
(19%) (28). The median (control vs GDM) of fasting 
glucose and 2-h, 75g glucose, 84 (79–88) vs 88 (81–
95) mg/dL and 86.2 (79–102) vs 161.0 (149–176) 
mg/dL, showed higher concentration in GDM group 
(P < 0.001). In GDM group no one of the patients 
were under insulin therapy. The lipid profile showed 
no difference between the groups (P > 0.05), but 
triglycerides was higher in GDM group, 124.0 (96–
171) vs 221.0 (175–270) mg/dL (P < 0.001) (Table 2). 
The other parameters were within reference range for 
both groups.

The genotype and allele frequencies of the studied 
polymorphisms were not significantly different (P > 
0.05) between the groups (Table 3). All genotypes 
were in Hardy-Weinberg equilibrium for both groups 
(P > 0.05). One-way ANOVA and correlation analysis 
(Pearson) were applied to identify association and 
correlation between laboratory biomarkers described in 
Table 2 and the studied polymorphisms. Genotypes for 
all polymorphisms, coded 1 (common homozygous),  

2 (heterozygous) and 3 (rare homozygous), showed no 
significance (P > 0.05) for all analysis.

DISCUSSION

Elevated BMI is a strong predictor of GDM and insulin 
resistance (29). In the present study, pregnant women 
with GDM were found to be heavier than healthy 
pregnant women (Table 2). The rate of hypertension in 
the GDM group was higher than that reported in the 
literature, which is 5–10% (30,31). However, GDM 
group showed good glycemic control as assessed by a 
HbA1c median value of 5.6%.

Notably, pregnant women with a family history for 
DM are at increased risk for developing GDM and for 
giving birth to macrosomic children (32,33). GDM also 
induces a dyslipidemia state that is consistent with insulin 
resistance (34); triglycerides concentrations in particular 
were higher in the GDM group (P < 0.001). Finally, 
although total protein, albumin, creatinine, urea and 
uric acid levels differed between the groups (P < 0.001), 
they were within the reference range for these parameters 
and none of the subjects exhibited clinical symptoms of 
kidney disease or others pathologies. Pregnancy affects 
essentially all aspects of kidney physiology. Glomerular 
filtration rate (GFR) increases 50% as compared with 
nonpregnant levels (35) with subsequent decrease in 
serum creatinine, urea, and uric acid values (36). Also, 
increases in glomerular filtration rate and minor increases 
in urinary albumin excretion have been reported early 
in the course of diabetes (37,38). These events, could 
explain the lower total proteins, albumin, creatinine and 
urea levels found in GDM compared to control group. 
The uric acid concentration in GDM was approximately 
0.7 mg/dL higher than in control group (4.3 vs 3.6 
mg/dL, p < 0.001) (Table 2). This observations has 
been described in other studies and associated with 
insulin resistance and hypertension, which predominates 
in GDM group (39-41).
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Table 2. Anthropometric and laboratory characteristics of the studied groups

Characteristics Control (n = 125) GDM (n = 127) P

Age, years 30.6 ± 4.7 31.9 ± 6.4 0.070

Body mass indexa, kg/m2 26.9 ± 5.0 32.7 ± 6.3 < 0.001

Hypertension, % 4.8 14.9 0.007*

Family history for diabetes, % – 70.1 –

Fasting glucose, mg/dL 84.0 (79–88) 88 (81–95) < 0.001**

2-h 75g glucose, mg/dL 86.2 (79–102) 161.0 (149–176) < 0.001**

HbA1c, % – 5.6 (5.3–5.9) –

1,5 anhydroglucitol, µg/mL 11.7 ± 6.9 9.8 ± 5.1 0.060

Total cholesterol, mg/dL 213.9 ± 50.0 224.7 ± 45.6 0.074

HDL-cholesterol, mg/dL 55.4 ± 15.8 56.8 ± 12.5 0.451

LDL-cholesterol, mg/dL 130.9 ± 41.5 123.5 ± 38.9 0.146

Triglycerides, mg/dL 124.0 (96–171) 221.0 (175–270) < 0.001**

Total protein, g/dL 6.9 ± 0.8 6.4 ± 0.5 < 0.001

Albumin, g/dL 4.2 ± 0.6 3.4 ± 0.4 < 0.001

Creatinine, mg/dL 0.80 (0.7–0.9) 0.70 (0.60–0.72) < 0.001**

Urea, mg/dL 20.4 ± 5.3 16.1 ± 4.8 < 0.001

Uric acid, mg/dL 3.6 (3.0–3.9) 4.3 (3.7–4.9) < 0.001**

Values are presented as mean ± SD, median (interquartile range) or %; “ –”: no information available. Control: healthy pregnant women; GDM: gestational diabetes. a Pregnant BMI calculated at 
blood collection time. P-values, Student’s t-test (independent variables), * Chi-square test or ** Mann-Whitney U test.

Table 3. Genotype and allele frequencies of the genetic variants studied in the Control and GDM groups

Gene/SNP Genotypes Control
n = 125

GDM
n = 127 P

FTO
rs1421085

(C>T)

TT 53 (42.4) 52 (40.9) 0.420*

TC 52 (41.6) 61 (48.0)

CC 20 (16.0) 14 (11.1)

C-allele

[95% CI]

36.8

[31–43]

35.0

[29–41]

0.680

LEPR 
rs1137100

(A>G)

AA 70 (56.0) 73 (57.5) 0.687*

AG 48 (38.4) 50 (39.4)

GG 7 (5.6) 4 (3.1)

G-allele

[95% CI]

24.8

[19–30]

22.8

[18–28]

0.604

LEPR
rs1137101

(A>G)

AA 43 (34.4) 38 (29.9) 0.228*

AG 55 (44.0) 69 (54.3)

GG 27 (21.6) 20 (15.8)

G-allele

[95% CI]

43.6

[37–50]

42.9

[37–49]

0.876

PPARg
rs1801282

(C>G)

CC 107 (85.6) 108 (85.0) 0.851*

CG 17 (13.6) 17 (13.4)

GG 1 (0.8) 2 (1.6)

G-allele

[95% CI]

7.6

[4–11]

8.3

[5–12]

0.782

TCF7L2 
rs7901695

(C>T)

TT 52 (41.6) 44 (34.6) 0.413*

CT 62 (49.6) 67 (52.8)

CC 11 (8.8) 16 (12.6)

C-allele

[95% CI]

33.6

[28–39]

39.0

[33–45]

0.209

Genotypes depicted as number (%). 95% CI: Confidence interval of 95%.  
All polymorphisms were in Hardy-Weinberg equilibrium. 
P: probability. Chi-square test or * Two tailed Fisher’s Exact test.
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FTO rs1421085 polymorphism 

The FTO rs9939609 predisposes to childhood, 
adult (42,43) and pregnancy obesity (44). The FTO 
rs1421085 polymorphism is associated with obesity in 
adults and in European and Chinese children (45) and 
with obesity and T2DM in African Americans (46). 
No information is available regarding its frequency 
in pregnant women or its association with GDM, 
underlying why this polymorphism was selected for 
analysis in the present study. However, the FTO 
rs1421085 polymorphism was not associated with 
GDM in the current population studied, nor with the 
parameters analyzed. The effect of sample size might 
have contributed to this result. Furthermore, the 
physiological effect of the presence of this intronic 
variant and the reported increased risk of obesity and 
DM need to be elucidated.

The frequency of the C allele on healthy pregnant 
women in this study was approximately two to three-
fold higher than the frequency reported in European, 
Chinese, and Japanese populations, whereas it was 
approximately 5 times lower than that reported in an 
African populations (HapMap – YRI). Brazilians are an 
admixture population. This genetic background could 
explain the differences of alleles frequencies when 
compared to others populations, even with populations 
with more similar ancestors such as Caucasians. Table 4 
compares the reported risk allele frequencies in healthy 
subjects, including the current cohort of pregnant 
women, from different populations. 

LEPR rs1137100 and rs1137101 polymorphisms 

The LEPR rs1137100 polymorphism (K109R; 
Lys109Arg; 326A > G) is characterized by an A > G 
substitution resulting in a change of lysine to arginine 
at codon 109 (Figure 1). Caucasians with the AA 
genotype are 2-fold more likely to develop T2DM 
than those with other genotypes (47). The LEPR 
rs1137101 polymorphism (Q223R; Gln223Arg; 
668A > G) is an A> G substitution resulting in the 
exchange of glutamine for arginine at position 668 
of LEPR (Figure 1). The presence of this variant 
was considered as an independent risk factor for 
T2DM in Malaysian subjects (48). Finns with glucose 
intolerance and the presence of the GG genotype 
(Finnish Diabetes Prevention Study) showed a higher 
risk for T2DM compared to those carrying the A 
allele. The rs1137100 and rs1137101 variants are 
each located in the region encoding the extracellular 

domain of the leptin receptor. The exchange of amino 
acids generated by the variants affects all receptor 
isoforms and might change the action of leptin toward 
insulin (49).

The allele frequency for rs1137100 G reported in 
the present studied was higher than the rate reported 
for Africans and significantly lower than that for 
Asians. The ethnic composition of the sample of this 
study (Euro-Brazilians) is the probable reason for the 
similarity with the frequencies reported for the English, 
French, and Europeans in general (Table 4). Elevated 
leptin concentrations are associated with adiposity 
and insulin resistance and it has been reported that 
individuals with the AA genotype of LEPR rs1137100 
showed higher concentrations than the G allele carriers. 
Although the function of this variant has not been 
elucidated, it was associated with the promotion of a 
change in the extracellular domain of the receptor that 
affects the leptin binding affinity (50). In this study 
it was not possible to verify the association of the 
polymorphism with obesity, BMI, or lipid or glucose 
changes (data not showed).

The frequency of G allele for rs1137101 variant was 
similar to those reported for Europeans and lower than 
those of Africans (HapMap). Asian subjects presented 
a higher frequency of the G allele for rs1137101 than 
other populations, as shown in Table 4. The variants 
rs1137100 and rs1137101 of LEPR were not associated 
with GDM in the studied population, nor with the 
analyzed parameters described in Table 2 (P > 0.05).

PPARg rs1801282 polymorphism

The PPARg rs1801282 polymorphism results in a 
substitution of proline for alanine at codon 12 of exon 
B (C > G; Pro12Ala; Figure 1). This polymorphism 
causes a conformational change in the protein, and the 
presence of the minor allele is associated with a reduction 
in the activity of PPARg (50). The rs1801282 C allele 
is associated with increased transcriptional activity 
of PPARg and, consequently, increased sensitivity to 
insulin. The association with T2DM is controversial, 
as some studies have found a positive association while 
others showed that the presence of the variant conferred 
protection against T2DM (51). Similarly, some studies 
found no association of rs1801282 with GDM (5,23). 
In a study conducted in Turkey, this polymorphism 
had no effect on the prevalence of GDM or glucose 
concentrations in pregnant women, but its presence 
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Table 4. Comparison between the allele frequencies of healthy pregnant women from the current study with those obtained from healthy subjects in other 
studies

FTO rs1421085 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

TT TC CC C

Euro-Brazilian GDM

Controls

127

125

40.9

42.4

48.0

41.6

11.1

16.0

35.0

36.8

Present work

Chinese Han 90 70.7 24.4 4.9 11.6 HapMap-HCB

European 180 27.4 53.1 19.5 16.7 HapMap-CEU

Japanese 91 67.1 28.2 4.7 18.8 HapMap-JPT

Turkish Obeses

Controls

190

97

30.5

28.8

51.1

52.6

18.4

18.6

43.9

44.8
(48)

Caucasian Obeses 29.5 30.5 40 55.2 (49)

African 90 86.7 13.3 0 6.6 HapMap-YRI

LEPR rs1137100 polymorphism

Population Characteristics N
Genotype 

(%)
Allele  
(%) Reference

AA AG GG G

Euro-Brazilian GDM

Controls

127

125

57.5

56.0

39.4

38.4

3.1

5.6

22.8

24.8

Present work

African 90 69.6 27.7 2.7 16.5 HapMap-YRI

French Obeses

Controls

877

877

56.7

53.4

37.4

39.2

5.9

7.4

24.6

27.0

(50)

British Obeses

Controls

190

132

54.0

55.0

38.0

39.0

8.0

6.0

27.4

25.8

(51)

European 180 49.6 42.5 8.0 29.2 HapMap-CEU

Brazilians Hypertension 470 42.8 46.8 10.4 33.8 (52)

Chinese Han 90 2.5 27.5 70.0 83.7 HapMap-HCB

Japanese 91 2.5 40.2 57.3 97.4 HapMap-JPT

LEPR rs1137101 polymorphism

Population Characteristics N
Genotype 

(%)
Allele  
(%) Reference

AA AG GG G

Euro-Brazilian GDM

Controls

127

125

29.9

34.4

54.3

44.0

15.8

21.6

42.9

43.6
Present work

French Obeses

Controls

877

877

31.6

31.6

50.0

47.1

18.4

21.3

43.4

44.9

(50)

British Obeses

Controls

190

132

29.0

28.0

53.0

58.0

18.0

14.0

44.6

42.8

(51)

European 180 25.9 53.6 20.5 47.3 HapMap-CEU

African 90 11.1 58.3 30.6 59.7 HapMap-YRI

Japanese 91 1.2 30.5 68.3 83.5 HapMap-JPT

Chinese Han 90 2.2 17.8 80.0 88.9 HapMap-HCB

impacted the weight of pregnant women with GDM 
(52). The presence of the rs1801282 GG genotype was 
associated with a higher BMI before pregnancy and a 

higher pre-pregnancy obesity rate, but was related to a 
50% reduction in the risk of developing GDM in a French 
population (53).
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PPARg rs1801282 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

CC CG GG G

Euro-Brazilian GDM

Controls

127

125

85

85.6

13.4

13.6

1.6

0.8

8.3

7.6

Present work

French Mothers with 
glucose tolerance

1708 80 19 1 10.4 (42)

Danish GDM

Women with glucose 
tolerance

283

2446

75.8

75.2

22.6

22.7

1.6

2.1

12.8

13.5

(22)

Danish T2DM

Controls 

1461

4986

76

75

22

23

2

2

13.0

13.9

(53)

Italian Peripheral arterial 
disease

Controls

201

201

74.1

84.6

23.9

14.9

2.0

0.5

14.0

8.0

(54)

Scandinavian GDM

Controls

637

1232

73.5

74.5

24.8

24.2

1.7

1.3

14.1

13.4

(19)

Scandinavian

Arabs 

GDM

Controls

GDM

Controls

400

428

100

122

71.5

74.1

91

86.9

27.7

24.5

9

12.3

0.8

1.4

0

0.8

14.6

13.7

4.5

7.0

(44)

Turkish GDM

Controls

62

100

80.7

84

19.3

16

0

0

19.4

16.0

(41)

Korean GDM

Controls

94

41

94.6

82.9

5.4

17.1

0

0

2.7

8.5

(55)

Greek GDM

Controls 

148

107

96.6

93.5

3.4

6.5

0

0

3.0

2.0

(5)

Chinese GDM

Controls 

55

173

94.5

90.8

5.5

9.2

0

0

3.0

5.0

(56)

Korean GDM

Controls

869

632

91.7

89.7

8.2

10.0

0.1

0.3

4.0

5.0

(43)

TCF7L2 rs7901895 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

TT TC CC C

Euro-Brazilian GDM

Controls

127

125

34.6

41.6

52.8

49.6

12.6

8.8

39.0

33.6

Present work

Chinese Han 90 95.3 4.7 0 2.3 HapMap-HCB

Swedish women GDM

Controls

1102

794

51.2

34.2

34.2

43.1

7.6

11.5

26.5

34.4

(45)

Swedish men T2DM

Controls 

825

793

52.6

59.2

39.9

36.0

7.5

4.8

27.5

22.8

(57)

European 180 54.5 34.8 10.7 28.1 HapMap-CEU

Japanese 91 94.2 4.7 0.1 3.5 HapMap-JPT

Caucasian

African-American

GDM

GDM

-

-

-

-

-

-

-

-

30

40

(18)

Spanish GDM

Controls

45

25

38

40

44

52

18

8

40

34

(58)

African 90 27.4 56.5 15.9 44.2 HapMap-YRI

Allele frequencies are presented as % [95% confidence interval]. The frequencies of the minor allele (T) that differ from the confidence interval (95%) for the healthy group of the current study are 
highlighted in bold.
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PPARg rs1801282 was not associated with GDM 
in the current studied population, nor with the 
analyzed parameters described in Table 2 (P > 0.05). In 
accordance with the results of our study, no association 
of the variant with GDM was found in Korean (54), 
Scandinavian, or Arab pregnant women (55). The G 
allele frequencies observed in this study were similar 
to the French and greater than those reported for the 
Arab, Greek, Korean, and Chinese populations, whereas 
Danish, Scandinavian and Turkish populations showed 
a higher frequency of the G allele (Table 4). Regional 
population differences might explain these findings.

TCF7L2 rs7901695 polymorphism

The T allele of rs7901695 conferred increased risk 
for GDM in American Caucasians, with an odds ratio 
of 1.98 (19). In Swedish patients with GDM the CT 
and CC genotypes of rs7901695 showed a strong 
association with GDM even after adjusting for maternal 
age, number of pregnancies, and family history of 
DM and HLA-DQ genotypes (56). Based on this 
information, we expected to find an association between 
the rs7901695 polymorphism and GDM in the current 
studied population, but this was not observed. 

The rs7901895 C allele is more common in African 
populations. The frequency found in healthy pregnant 
women in the present study is similar to those reported 
for Europeans in general and for Swedish and Spanish 
pregnant women. In this study, pregnant women with 
GDM showed allele frequencies similar to those of 
Spanish, Caucasian, and African American women with 
GDM, and slightly higher than those of Swedish women 
with GDM (Table 4). In contrast, less than 5% of the 
Asian population carries the C allele. Ethnicity-specific 
factors might be responsible for these differences.

In conclusion, the FTO rs1421085, LEPR 
rs1137100 and rs1137101, PPARg rs1801282, 
and TCF7L2 rs7901695 polymorphisms were not 
associated with GDM in a Brazilian population, nor 
with the other parameters analyzed. The data from 
this study will likely contribute to the understanding 
the potential roles of these variants across populations; 
however, further research is required to identify the 
underlying factors influencing the risk of GDM in the 
Brazilian white population.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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