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ABSTRACT

Background: Gestational diabetes mellitus (GDM) is a complex metabolic
disorder of pregnancy with a strong genetic predisposition. GDM is
associated with complications during pregnancy and increased risk of type
2 diabetes later in mothers and develops a vicious cycle of metabolic
diseases for future generations. Evidence is accumulating that women with
genetic variants at transcription factor 7-like 2 (TCF7L2) gene are more
susceptible to GDM. The aim of the current meta-analysis was to assess the
association of the TCF7L2 polymorphisms with GDM risk.

Methods: PubMed, Web of Science, Embase, SID and CNKI databases
were searched to identify relevant studies up to November 01, 2020. Using
the fixed-effect or random-effect model, the pooled odds ratio and its
corresponding 95% confidence interval were computed.

Results: A total of 38 case-control studies including 24 studies with 6021
cases and 13289 controls on rs7903146, eight studies with 2404 cases and
2615 controls on rs12255372 and six studies with 1357 cases and 2858
controls on rs7901695 polymorphism were selected. Pooled data showed that
there was a significant association between the TCF7L2 rs7903146,
rs12255372 and rs7901695 polymorphisms and an increased risk of GDM in
whole population. Stratified analysis showed that the TCF7L2 rs7903146
polymorphism was associated with GDM in Caucasian, mixed and Chinese
women, but not in Asians. Moreover, the TCF7L2 rs12255372 polymorphism
was associated with GDM in Asians and Caucasians women with GDM.

Conclusion: The combined data indicated that the TCF7L2 rs7903146,
rs12255372 and rs7901695 polymorphisms were associated with a significant
risk of GDM in whole population, especially in Caucasian women.
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Introduction

estational diabetes mellitus (GDM) is
described as abnormal glucose
tolerance that is first identified or
diagnosed during pregnancy.’? The number
of women diagnosed with GDM will continue
to increase in the face of epidemic rates of
obesity.>* GDM causes adverse pregnancy
outcomes, including long-term effects on the
offspring through metabolic programming
and epigenetic changes in utero.>” It is
estimated that almost 4% of all pregnancies
could increase to as much as 18% if the new
International Association of the Diabetes and
Pregnancy  Study  Groups  (IADPSG)
guidelines are implemented.® ™" It is estimated
that GDM affected about 204 million women
worldwide in 2017 and would be increased to
308 million by 2045.% Similar to type 2
diabetes mellitus (T2DM), GDM is also
increasing alarmingly, attributed partly to
increasing maternal age and  body
weight.***** However, GDM is distinguished
from diabetes mellitus (DM) as the onset of
Type ll-like, impaired musculoskeletal insulin
sensitivity during pregnancy. There is not any
internationally accepted method of screening
for GDM with disparities in whom to screen,
gestation of screening, dose and duration of
glucose tolerance test (GTT), and the cut-off
levels used.™ In the United States, insulin is
the only approved treatment for GDM.®
Women with GDM are more prone to have
complications during the pregnancy with
higher risk of polyhydramnios, hypertension
and vaginal candidiasis, pre-eclampsia and
primary caesarean section.””*® The most
common and serious outcomes of GDM in
pregnancy are fetal macrosomia (defined as
birth weight > 4-45 kg) and large for
gestational age (LGA) (defined as birth
weight > 2 SD greater than mean or > 90
centile after controlling for age and sex),
shoulder dystocia and birth injuries, neonatal
hypoglycaemia and respiratory  distress
syndrome.?®?* Moreover, women diagnosed
with GDM and their offspring are at increased

Motamadinasab, et al.

risk of developing of T2DM.>%

Several lines of evidence support that
GDM is a multigenic disease in which
common variants in multiple genes interact
with environmental factors to cause the
disease.?*® It is suggested that GDM share
common genetic polymorphisms with T2DM
and with the advent of the sequencing
technologies and genome-wide association
studies (GWASSs), the number of confirmed
susceptible loci such as TCF7L2, CDKAL1,
TCF2, and FTO for development of GDM
increased dramatically.?®***! Evidence is also
accumulating  that  polymorphisms  at
transcription factor 7-like 2 (TCF7L2) gene
might be associated with development of
GDM.** The TCF7L2 gene, also known as
TCF4, is located on chromosome 10025.2-
g25.3 and encompass 19 exons.**** Human
TCF7L2 gene encodes a high mobility group
(HMG) box-containing transcription factor
that plays an important role in the Wnt/p-
catenin signaling pathway and negative
regulation of adipogenesis.*** This gene
harbors several polymorphisms which among
them rs7903146, rs12255372 and rs7901695
have been widely studied in GDM and T2DM
risk.>*3" To date, several epidemiological
studies have evaluated the association
between the TCF7L2 polymorphisms with
susceptibility to GDM in different
populations 2383 However, those studies
results are controversial or inconclusive.
Therefore, we performed this meta-analysis to
obtain a more precise estimation of the
association of the TCF7L2 rs7903146
polymorphism with susceptibility to GDM in
whole population and by ethnicity.

Materials and Methods

Study Selection: The online databases
including PubMed, Web of Knowledge, Web
of Science, Embase, Scientific Information
Database (SID), WanFang, VIP, Chinese
Biomedical Database (CBD), Scientific
Electronic Library Online (SciELO) and
China National Knowledge Infrastructure
(CNKI) database were used for the
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publication search. Two authors
independently carried out a comprehensive
search up to November 01, 2020, with the
following key terms: (’Gestational Diabetes’’
OR “’gestational  Diabetes Mellitus’> OR
“GDM”’) AND (“’Transcription factor 7-like
2 OR “TCF7L2” OR “TCF4”’) AND
(°Gene’” OR “’Genotype’” OR “’Allele’” OR
“’Polymorphism’> OR “’Single nucleotide
polymorphisms’” OR “’SNPs’” OR “’Variant®’
OR  “Variation” OR  “Mutation”).
Moreover, the reference lists of the literature
items were reviewed independently by two
authors to find more potential relevant
studies. The search was carried out in English,
Chinese and Persian. If there was overlapping
data on the same cases in more than one
publication, only the one with the larger
sample size was selected.

Selection criteria: The inclusion criteria
for these studies were as follows: 1) studies
evaluating the association between the
TCF7L2 polymorphisms and GDM risk;
2) the study design was a case-control study
in humans; 3) studies reported universal allele
and genotype frequency; 4) Studies written in
English, Persian and Chinese; 5) detailed data
for estimation of odds ratio (OR) and 95%
confidence interval (ClI), as well as available
allele genotype frequencies for cases and
controls. The exclusion criteria were as
follows: 1) Studies that did not describe the
association of TCF7L2 polymorphisms with
GDM; 2) studies focusing on animals or in
vitro; 3) studies that did not provide sufficient
data for meta-analysis; 4) case only studies or
no controls; 5) linkage studies and family
based studies (twins and sibling); 6) case
reports, abstracts, comments, conference
abstracts, editorials, reviews, meta-analysis;
and 7) duplicated studies or data.

Data Extraction: Data extraction was done
by two authors independently and third author
verified the data. The data was compared, and
any disagreement was discussed and resolved
with consensus. First author name, year of
publication, ethnicity (Asian, Caucasian,
African and mixed populations), country of
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origin, genotyping methods, number of cases
and controls for each genotype, frequencies of
genotypes in cases and controls, minor allele
frequency (MAF) in controls, and Hardy-
Weinberg equilibrium (HWE) in controls
were data extracted from each study. If
selected articles had not reported the
necessary data, the corresponding authors
were contacted by email to request the
missing data. Using excel-based Court lab-
HW calculator software, Minor allele
frequencies and Hardy-Weinberg equilibrium
in control groups were calculated.

Assessment of study quality: The quality
of the selected studies was verified by the
Newcastle-Ottawa Scale (NOS). NOS is
consisted of three parts including a selection
of participants (four items), comparability of
cases, and control groups (two items), and
adequacy of outcome (three items). It
evaluated studies with a star-rating system
ranging from zero to nine stars, in which the
score >7 were expressed high quality and <7
represent low or moderate quality (high or
moderate risk of bias).

Statistical Analysis: The association of the
TCF7L2 polymorphisms with GDM risk was
analyzed by calculating the odds ratio (OR)
and 95% confidence interval (95% CI). The
significance of the pooled OR was evaluated
by the Z-test. The associations was performed
under all five genetic models, i.e., allele (B
vs. A), homozygote (BB vs. AA),
heterozygote (BA vs. BB), dominant
(BB+BA vs. AA) and recessive (BB vs.
BA+AA). To evaluate the heterogeneity
between these studies, a Chi-square-based Q-
test was performed. Moreover, in order to
evaluate the HWE of TCF7L2 genotypes
frequency distribution in the control group,
the Chi-square test was used. A Cochran's Q-
test was carried out to examine the
heterogeneity between studies and was
considered significant when P < 0.10.
Besides, I° value was used for heterogeneity
validation as well. The test of heterogeneity
using I? statistics was as follows: 1> = 0-25%,
no heterogeneity; 1° = 25-50%, moderate
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heterogeneity; 1> =  50-75%, large
heterogeneity; 1> = 75-100%, extreme
heterogeneity. The pooled data in the fixed
effect model (Mantel-Haenszel method) were
selected when no significance between-study
heterogeneity existed; otherwise, the random-
effects model (DerSimonian-Laird method)
was used.*® To assess the potential sources of
heterogeneity across different studies, subgroup
analysis based on ethnicity, genotyping
methods and HWE was performed. Sensitivity
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evaluate the publication bias. The asymmetry
of the funnel plot was assessed by Egger’s
test. Using Fisher’s exact test, the HWE was
tested. All of the statistical calculations were
performed using Comprehensive Meta-
Analysis (CMA) software version 2.0
(Biostat, USA). Two-sided P < 0.05 were
considered statistically significant.

Results
Figure 1 shows the flowchart of literature

search and selection process in this meta-
analysis. Four hundred thirty seven potentially
relevant studies were retrieved from the initial
literature searches in online databases.

analysis was performed by the leave-one-out
method to assess the effects of individual
studies on pooled results and the stability of
the results. The funnel plot was applied to
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Figure 1. The Study Selection and Inclusion Process
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Two authors independently screened all
titles and abstracts of the identified studies.
After the first screening, 216 irrelevant and
duplicate articles were excluded. Among the
remaining articles, 87 studies were excluded
because evaluated other disease instead of
GDM; had incomplete data or insufficient
genotype frequencies, and were review or
meta-analyses studies. Finally, a total of 38
case-control studies including 24 studies with
6021 cases and 13289 controls on rs7903146,
eight studies with 2404 cases and 2615
control on rs12255372 and six studies with
1357 cases and 2858 controls on rs7901695
polymorphism were selected.”?"293139.41-58
Characteristics of included studies are shown
in tables 1. All the included studies were
published between 2007 and 2019, sample
size in GDM cases ranged from 40 to 868. All
eligible studies were published in English and
Chinese. Among them, 19 studies were based
on Caucasians, 12 based on Asian women, Six
studies were based on mixed population and
one on African-American women. Six GDM
Criteria were applied in the included studies:
OGTT, NDDG, IADPSG, ADA, WHO, and
PGSC. The genotypes and minor allele
frequency (MAF) distributions in the cases
and controls are shown in table 1. Besides, the
distribution of genotypes in the controls was
in  agreement  with Hardy-Weinberg
equilibrium (HWE) for all selected studies,
except for four studies on rs7903146 and two
studies on rs12255372 (Table 1).
Quantitative Data Synthesis
rs7903146: The summary of association
between the TCF7L2 rs7903146
polymorphism with GDM risk is presented in
table 2. The pooled data showed that the
TCF7L2 rs7903146 polymorphism  was
associated with an increased risk of GDM risk
under all five genetic models, i.e., allele (T vs.
C: OR = 0.539, 95% CI 0.713-0.713,
P < 0.001, Figure 2A), homozygote (TT vs.
CC: OR = 1572, 95% CI 1.227-2.015,
P < 0.001), heterozygote (TC vs. CC:
OR =1.407, 95% CI1 1.173-1.687, P < 0.001),
dominant (TT+TC vs. CC: OR = 1.465, 95%
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Cl 1.219-1.760, P < 0.001) and recessive
(TT vs. TC+CC: OR = 1.534, 95% CI 1.251-
1.880, P < 0.001, Figure 2B) in the whole
population. When stratified by ethnicity, there
was a significant association in Caucasians (T
vs. C: OR = 0.377, 95% CI 0.289-0.491,
P <0.001; TT vs. CC: OR = 1.601, 95% CI
1.224-2.095, P = 0.001; TC vs. CC:
OR =1.348, 95% CI 1.085-1.675, P = 0.007;
TT+TC vs. CC: OR = 1.396, 95% CI 1.122-
1.738, P = 0.003; and TT vs. TC+CC:
OR =1.420, 95% CI 1.228-1.641, P < 0.001),
Latinos (T vs. C: OR = 0.584, 95% CI 0.377-
0.905, P = 0.016; TT vs. CC: OR = 1.744,
95% CI 1.366-2.227, P < 0.001; TC vs. CC:
OR =1.798, 95% CI 1.099-2.942, P = 0.020;
and TT+TC vs. CC: OR = 1.760, 95%
Cl 1.395-2.221, P < 0.001) and Chinese
(TT vs. CC: OR = 4.595, 95% CI 1.872-
11.278, P = 0.001; TC vs. CC: OR = 1.979,
95% CI 1.236-3.169, P = 0.004; TT+TC vs.
CC: OR = 2388, 95% CIl 1.528-3.731,
P <0.001; and TT vs. TC+CC: OR = 4.098,
95% CI 1.731-9.704, P = 0.001), but not in
Asian women.

rs12255372: The summary of association
between the TCF7L2 rs12255372
polymorphism with GDM risk is presented in
Table 2. The pooled data showed that the
TCF7L2 rs12255372 polymorphism was
significantly associated with an increased risk
of GDM risk under all five genetic models,
i.e., allele (T vs. G: OR = 1.433, 95% CI
1.104-1.860, p=0.007), homozygote (TT vs.
GG: OR = 1,535, 95% CI 1.188-1.982,
P = 0.001, Figure 3A), heterozygote (TG vs.
GG: OR = 1.609, 95% CI 1.149-2.253,
P = 0.006), dominant (TT+TC vs. GG:
OR =1.649, 95% CI 1.177-2.309, P = 0.004,
Figure 3B) and recessive (TT vs. TG+GG:
OR =1.302, 95% CI 1.019-1.664, P = 0.035)
in the whole population. Subgroup analysis
by ethnicity indicated that the polymorphism
was associated with GDM risk in Asians (TG
vs. GG: OR = 2.903, 95% CI 1.239-6.832,
P =0.014; and TT+TC vs. GG: OR = 2.792,
95% Cl 1.205-6.465, P = 0.017) and
Caucasians (T vs. G: OR = 1.307, 95% ClI
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Table 1. Characteristics of Studies Included in the Meta-analysis

First Author/Year Country (Ethnicity) GDM Genotyping  Case/Control Cases Controls MAFs HWE NOS
Criteria Technigue Genotypes Allele Genotypes Allele

rs7903146 cC CT TT C T ccC CT 7171 Cc T
Shaat 2007 Sweden (Caucasian) OGTT TagMan 585/1111 271 255 59 797 373 650 392 69 1692 530 0239 0.338 8
Cho 2009 Korean (Asian) NDDG ADA 868/627 803 63 2 1669 67 596 31 0 1223 31 0025 0525 7
Lauenborg 2009 Denmark (Caucasian) OGTT TagMan 276/2353 118 125 33 361 191 1292 863 198 3447 1259 0.268  0.001 7
Freathy 2010 UK (Caucasian) IADPSG IGGP 614/3811 293 246 75 832 396 1884 1557 370 5325 2297 0.301 0.066 7
Freathy 2010 UK (Caucasian) IADPSG IGGP 384/1332 338 46 0 722 46 1211 108 3 2530 114 0.043 0.717 7
Rizk 2011 Qatar (Asian) ADA TagMan 40/74 16 18 6 50 30 29 37 8 95 53 0358 0451 7
Aris 2011 Malaysian (Asian) ADA IGGP 173/114 129 43 1 301 45 99 15 0 213 15 0.066 0.452 7
Papadbouolou 2011 Sweden (Caucasian) IADPSG TagMan 803/1110 363 352 88 1078 528 644 384 82 1672 548 0.247 0.020 7
Pappa 2011 Greek (Caucasian) WHO PCR-RFLP 148/107 49 81 18 179 117 62 38 7 162 52 0243 0719 8
Vcelak 2012 Czech (Caucasian) NA TagMan 261/376 142 102 17 386 136 156 185 35 497 255 0339 0.058 8
Ekelund 2012 Sweden (Caucasian) OGTT MALDITFMS 125/476 49 56 20 154 96 239 194 42 672 278 0293 0.769 7
Klein 2012 Australia (Caucasian) IADPSG AS-PCR 125/125 8 112 5 128 122 10 107 8 127 123 0492 <0.001 8
Pagan 2014 Spain (Caucasian) NDDG Sequencing 45124 19 18 8 56 34 10 12 2 32 16 0.333  0.540 8
Reyes-Lopez 2014 Mexico (Mixed) ADA PCR 90/108 5 29 6 139 41 81 23 4 185 31 0144 0.164 8
Thomas 2014 India (Asian) NA TagMan 261/376 142 102 17 386 136 156 185 35 497 255 0339 0.058 8
Kan 2014 China (Asian) OGTT ADA 100/100 84 15 1 183 17 95 5 0 195 5 0.025 0.797 8
Shi 2014 China (Asian) IADPSG AS-PCR 100/100 40 36 24 116 84 55 38 7 148 52 0260 0.900 8
Zhang 2015 China (Asian) OGTT PCR-RFLP 113/115 9% 17 0 209 17 110 5 0 225 5 0.022 0811 7
de Melo 2015 Brazil (Mixed) ADA IGGP 200/200 76 104 20 256 144 98 86 16 282 118 0.295 0.632 7
Huerta-Chagoya 2015 Mexico (Mixed) OGTT NA 408/342 265 124 19 654 162 265 67 10 597 87 0127 0.029 8
Michalak-Wojnowska 2016 Poland (Caucasian) PGSC TagMan 50/26 19 29 2 67 33 10 15 1 35 17 0327 0112 7
Mashfiqul-Hasan 2016 Bangladesh (Asian) WHO PCR 50/50 28 20 2 76 24 35 13 2 83 17 0170 0578 8
Franzago 2016 Italy (Caucasian) IADPSG gRT-PCR 104/124 38 38 28 114 9% 59 48 17 166 82 0331 0.162 8
Chen 2019 China (Asian) OGTT PCR 98/119 38 31 29 107 89 64 47 8 113 63 0265 0.873 8

rs12255372 GG GT TT G T GG GT TT G T
Cho 2009 Korean (Asian) NDDG ADA 867/630 860 7 0o 1727 7 628 2 0 1258 2 0.002  0.968 7
Rizk 2011 Qatar (Asian) ADA TagMan 40/74 6 28 6 40 40 25 38 11 88 60 0405 0575 7
Papadbouolou 2011 Sweden (Caucasian) IADPSG TagMan 801/1102 387 333 81 1107 495 633 38 84 1651 553 0251 0.019 8
Vcelak 2012 Czech (Caucasian) NA TagMan 261/376 124 115 22 363 159 206 147 23 559 193 0257 0.632 8
Pagan 2014 Spain (Caucasian) NDDG Sequencing 45/25 19 20 6 58 32 9 14 2 32 18 0.360 0.281 8
Reyes-Lopez 2014 Mexico (Mixed) ADA PCR 90/108 60 23 7 143 37 101 5 2 207 9 0.042  <0.001 8
Shi 2014 China (Asian) IADPSG AS-PCR 100/100 100 0 0 200 0 100 0 0 200 0 NA NA 8
de Melo 2015 Brazil (Mixed) ADA IGGP 200/200 92 8 20 272 128 102 75 23 279 121 0303 0.115 7

rs7901695 TT TC CC T C TT TC CC T C
Papadbouolou 2011 Sweden (Caucasian) IADPSG TagMan 794/1102 343 356 95 1042 546 607 405 90 1619 585 0.265  0.056 8
Vcelak 2012 Czech (Caucasian) NA TagMan 261/376 106 130 25 342 180 205 147 24 557 195 0259 0.730 8
Pagan 2014 Spain (Caucasian) NDDG Sequencing 45/25 17 20 8 54 36 10 13 2 33 17 0.340  0.427 8
Stuebe 2014 African-American OGTT iPLEX 80/1204 22 45 13 89 71 53 519 149 1591 817 0339 0.181 8
Michalak-Wojnowska 2016 Poland (Caucasian) PGSC TagMan 50/26 19 30 1 68 32 9 16 1 34 18 0.346  0.066 8
Anghebem-Oliveira 2017 Brazil (Mixed) ABDA gRT-PCR 127/125 44 67 16 155 99 52 62 11 166 84 0336 0212 7

Abbreviations: GDM: gestational diabetes mellitus; OGTT; oral glucose tolerance test; ADA; American Diabetes Association; IADPSG: International Association of Diabetes and Pregnancy Study Group; NDDG: National Diabetes
Data Group WHO: World Health Organization; PGSC: polish gynecological society criteria; ABDA: American and Brazilian Diabetes Association; NA: not available; ADA: allelic discrimination assay; IGGP: Illumina Golden Gate
platform; PCR: polymerase chain reaction; AS-PCR: allele-specific polymerase chain reaction; MALDITFMS: matrix assisted laser desorption ionization time of flight mass spectrometry; RFLP: restriction fragment length
polymorphism; MAF: minor allele frequency; HWE: Hardy-Weinberg equilibrium.
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Table 2. Summary Risk Estimates for Association of TCF7L2 Polymorphisms with GDM Risk

Subgroup Genetic Model ~ Type of Heterogeneity Odds Ratio Publication Bias
Model 12 (%) Py OR 95% ClI Ziest Por Pegs  Progers
Overall Tvs.C Random  94.09 <0.001 0539 0.713-0.713 -4.323 <0.001 0.756 0.542
TTvs.CC Random 50.70 0.004 1572 1227-2015 3575 <0.001 0545 0.894
TCvs.CC Random 7520 <0.001 1407 1173-1.687 3.687 <0.001 0.843 0421
TT+TCvs.CC Random 7813 <0.001 1465 1.219-1.760 4.068 <0.001 0.887 0.403
TT vs. TC+CC Fixed 4098 0.022 1534 1.251-1.880 4.120 <0.001 0.903 0.801
Ethnicity
Asians Tvs.C Random 9145 <0.001 0.631 0.296-1.347 -1.189 0.234 1.000 0.048
TTvs.CC Random 6214 0.015 1.654 0.647-4229 1.050 0.294 0548 0.303
TCvs. CC Random 7743 <0.001 1533 0.952-2.467 1758 0.079 0.173 0.022
TT+TCvs.CC Random 8253 <0.001 1538 0.826-2.866 1356 0.175 0.132 0.049
TT vs. TC+CC Fixed 0.00 0.680 0.893 0.544-1464 -0.450 0.653 0.707 0.028
Caucasians Tvs.C Random  90.05 <0.001 0.377 0.289-0.491 -7.215 <0.001 0.212 0.523
TTvs.CC Random 5155 0.019 1.601 1.224-2095 3434 0.001 0372 0.819
TCvs. CC Random  76.83 <0.001 1.348 1.085-1.675 2701 0.007 0.243 0.930
TT+TCvs.CC  Random 7951 <0.001 1396 1122-1.738 2987 0.003 0.303 0.927
TT vs. TC+CC Fixed 1119 0335 1420 1.228-1.641 4.732 <0.001 0.631 0.661
Mixed Tvs.C Random 7446 0.020 0584 0.377-0905 -2405 0.016 1.000 0.968
TTvs.CC Fixed 0.00 0.805 1.744 1.366-2.227 4.465 <0.001 1.000 0.994
TCvs. CC Fixed 0.00 0904 1.798 1.099-2.942 2335 0.020 0.296 0.377
TT+TCvs. CC Fixed 0.00 0779 1760 1.395-2.221 4.762 <0.001 1.000 0.960
TT vs. TC+CC Fixed 0.00 0842 1472 09112377 1579 0114 0296 0.419
Chinese Tvs.C Random 5870 0.089 0.902 0.604-1.348 -0.501 0.616 1.000 0.008
TTvs.CC Random 0.00 0.847 4595 1.872-11.278 3328 0.001 NA NA
TCvs. CC Random 55.00 0.108 1.979 1.236-3.169 2.842 0.004 1.000 0.074
TT+TCvs.CC Random 1374 0314 2388 1528-3.731 3.822 <0.001 1.000 0.052
TT vs. TC+CC Fixed 0.00 0.848 4.098 1.7319.704 3207 0001 NA NA
GDM Criteria
OGTT Tvs.C Random 6891 0.012 0548 0.437-0.686 -4.072 <0.001 0.259 0.058
TTvs.CC Fixed 0.00 0968 2001 15732545 5654 <0.001 0.806 0.413
TCvs. CC Fixed 0.00 0553 1617 1.406-1.859 6.743 <0.001 0462 0211
TT+TCvs. CC Fixed 0.00 0615 1.682 1.472-1.921 7.691 <0.001 0.220 0.105
TT vs. TC+CC Fixed 0.00 0936 1654 13142081 4284 <0.001 0.806 0.373
IADPSG Tvs.C Random 9247 <0.001 0.393 0.251-0.614 -4.100 <0.001 0.806 0.932
TTvs.CC Random  59.21 0.044 1711 1.097-2.668 2370 0.018 0.806 0.899
TCvs. CC Random 69.00 0.012 1335 1.021-1.747 2109 0.035 1.000 0.806
TT+TCvs.CC Random 71.05 0.008 1.421 1.090-1.853 2599 0.009 1.000 0.677
TT vs. TC+CC Fixed 55.34 0.062 1425 1173-1.731 3572 <0.001 1.000 0.995
ADA Tvs.C Random  76.67 0.005 0.509 0.293-0.883 -2403 0.016 1.000 0.718
TTvs.CC Fixed 0.00 0954 1664 0957-2.894 1804 0071 0734 0564
TCvs. CC Fixed 4255 0372 1615 1.211-2153 3268 0.001 0.734 0.749
TT+TCvs. CC Fixed 0.00 0398 1645 1.247-2169 3526 <0.001 1.000 0.858
TT vs. TC+CC Fixed 0.00 0960 1416 0.834-2403 1288 0198 0308 0.201
By Genotyping
TagMan Tvs.C Random  93.34 <0.001 0.307 0.210-0.450 -6.074 <0.001 0.176 0.151
TTvs.CC Random  77.65 <0.001 1231 0.778-1.947 0.887 0375 0.176 0.255
TCvs. CC Random 8840 <0.001 1.071 0.748-1535 0.375 0.707 0.176 0.253
TT+TCvs.CC Random 9041 <0.001 1.089 0.749-1585 0.448 0.654 0.176 0.261
TT vs. TC+CC Fixed 51.86 0.052 1345 1.122-1611 3211 0.001 0.176 0.294
IGGP Tvs.C Random 8851 <0.001 0505 0.315-0.812 -2.824 0.005 0.308 0.088
TTvs.CC Fixed 0.00 0849 1334 1.032-1.725 2201 0.028 1.000 0.962
TCvs. CC Random 6941 0.020 1412 1.015-1.965 2.049 0.040 0.308 0.009
TT+TCvs.CC Random 6418 0.039 1416 1.052-1.906 2294 0.022 0.089 <0.001
TT vs. TC+CC Fixed 0.00 0953 1287 1.007-1.644 2015 0044 1000 0.637

NA: Not Applicable
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Table 2. Summary Risk Estimates for Association of TCF7L2 Polymorphisms with GDM Risk (Continued)

Subgroup Genetic Model Type of Model Heterogeneity Odds Ratio Publication Bias
(%) Py OR  95%Cl  Ziq Por  Poegs  Pegaers
rs12255372
Overall Tvs. G Random 67.30 0.005 1.433 1.104-1.860 2.705 0.007 0.367 0.376
TT vs. GG Fixed 0.00 0.419 1.535 1.188-1.982 3.279 0.001 1.000 0.494
TG vs. GG Random 61.90 0.015 1.609 1.149-2.253 2.767 0.006 0.763 0.320
TT+TC vs. GG Random 65.78 0.008 1.649 1.177-2.309 2.911 0.004 1.000 0.346
TT vs. TG+GG Fixed 0.00 0.484 1.302 1.019-1.664 2.107 0.035 1.000 0.643
Ethnicity
Asians Tvs. G Fixed 0.00 0.515 1.557 0.928-2.611 1.678 0.093 NA NA
TT vs. GG Fixed 0.00 1.000 2.273 0.598-8.640 1.205 0.228 NA NA
TG vs. GG Fixed 0.00 0.848 2.903 1.239-6.832 2.452 0.014 NA NA
TT+TC vs. GG Fixed 0.00 0.897 2.792 1.205-6.465 2.396 0.017 NA NA
TT vs. TG+GG Fixed 0.00 1.000 1.011 0.344-2.972 0.019 0.985 NA NA
Caucasians Tvs. G Fixed 0.00 0.688 1.307 1.157-1.477 4.293 <0.001 0.296 0.023
TT vs. GG Fixed 0.00 0.993 1.575 1.181-2.102 3.090 0.002 1.000 0.430
TG vs. GG Fixed 0.00 0.379 1.360 1.153-1.604 3.652 <0.001 0.296 0.074
TT+TC vs. GG Fixed 0.00 0.464 1.396 1.194-1.633 4.180 <0.001 0.296 0.068
TT vs. TG+GG Fixed 0.00 0.954 1.384 1.047-1.829 2.281 0.023 0.296 0.105
Mixed Tvs. G Random 94.01 <0.001 2.448 0.463-12.957 1.053 0.292 NA NA
TT vs. GG Random 76.08 0.041 2.044 0.356-11.744 0.802 0.423 NA NA
TG vs. GG Random 90.08 0.001 2.980 0.521-17.042 1.227 0.220 NA NA
TT+TC vs. GG Random 92.29 <0.001 2.836 0.499-16.123 1.176 0.240 NA NA
TT vs. TG+GG Fixed 71.88 0.059 1.071 0.594-1.931 0.228 0.820 NA NA
rs7901695
Overall Cvs. T Fixed 0.00 0.746 1.434 1.290-1.595 6.663 <0.001 0.452 0.186
CCvs. TT Fixed 0.00 0.950 1.898 1.483-2.429 5.090 <0.001 0.707 0.483
CTvs. TT Random 56.50 0.042 0.269 0.180-0.403 -6.363 <0.001 0.707 0.987
CC+CTvs. TT Fixed 0.00 0.555 1.618 1.403-1.866 6.612 <0.001 0.259 0.350
CCvs. CT+TT Fixed 0.00 0.960 1.510 1.196-1.906 3.464 0.001 0.452 0.662
NA: Not Applicable
1.157-1.477, P < 0.001; TT vs. GG: 1.290-1.595, P < 0.001), homozygote (TT vs.

OR = 1.575, 95% CI 1.181-2.102, P = 0.002;
TG vs. GG: OR =1.360, 95% CI 1.153-1.604,
P <0.001; TT+TC vs. GG: OR = 1.360, 95%
Cl 1.194-1.633, P < 0.001; and TT ws.
TG+GG: OR = 1.384, 95% CI 1.047-1.829,
P = 0.023) women with GDM. Moreover,
stratified analyses revealed that the TCF7L2
rs12255372 polymorphism was associated
with GDM by GDM Criteria and genotyping
methods (Table 2).

rs7901695: The summary of association
between the TCF7L2 rs7901695
polymorphism with GDM risk is presented in
Table 2. The pooled data showed that the
TCF7L2 rs7901695 polymorphism  was
significantly associated with an increased risk
of GDM risk under all five genetic models,
i.e., allele (T vs. C: OR = 1.434, 95% CI

CC: OR 1.898, 95% CIl 1.483-2.429,
P < 0.001), heterozygote (TC vs. CC:
OR =0.269, 95% CI 0.180-0.403, P < 0.001,
Figure 4A), dominant (TT+TC vs. CC:
OR = 1.618, 95% CI 1.403-1.866, P < 0.001,
Figure 4B) and recessive (TT vs. TC+CC:
OR =1.510, 95% CI 1.196-1.906, P = 0.001)
in the whole population.

Test of heterogeneity: The heterogeneity
in whole population and subgroups was
shown in table 2. Among the studies on
TCF7L2 rs7903146 and rs12255372, there
was significant between-study heterogeneity
under most genetic models in overall
population.  Thus, we assessed the
heterogeneity for all genetic models by
ethnicity, GDM criteria, genotyping methods,
and HWE.
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A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Shaat 2007 0513 0433 0608 7.684- 0.000 % 4.87
Cho 2009 0.772 0.499 1.193 1.165- 0.244 4.43
Lauenborg 2009 0460 0.379 0558 7.884- 0.000 4 85
Freathy 2010a 0.314 0.274 0.359 16.693- 0.000 4.90
Freathy 2010b 0.675 0.474 0.962 2.172- 0.030 4.60
Rizk 2011 0.238 0.121 0469 4.150- 0.000 —{ 3.84
Aris 2011 0.987 0.527 1.847 -0.042 0.967 3.98
Papadbouoclou 2011 0.502 0.429 0.588 8.589- 0.000 % 4.89
Pappa 2011 0691 0443 1079 1.626- 0.104 4.41
Vcelak 2012 0.167 0.125 0.224 12.024- 0.000 |:| 4.71
Ekelund 2012 0.442 0.323 0.604 5.108- 0.000 |:| 4.67
Klein 2012 0.015 0.004 0.064 5.756- 0.000 ] 218
Pagan 2014 0.304 0.117 0785 2.460- 0.014 —_— 3.16
Reyes-Lopez 2014 0.733 0.426 1.261 1.122- 0.262 E- 4.18
Shi 2014 0668 0413 1.083 1.636- 0.102 4.33
Thomas 2014 0.167 0.125 0.224 12.024- 0.000 |:| 4.71
Kan 2014 1.765 0.632 4.931 1.084 0.278 ——D— 2.98
Zhang 2015 1789 0643 4980 1.114 0.265 —_1{ 2.99
de Melo 2015 0.391 0.276 0.554 5.291- 0.000 E\:l 4.61
Huerta-Chagoya 2015 0.726 0.539 0.978 2.106- 0.035 4.70
Michalak-Wojnowska 201®.261 0.105 0.647 2.898- 0.004 —D— 3.26
Mashfiqul-Hasan 2016 0.613 0.291 1.289 1.290- 0.197 —D-- 3.68
Franzago 2016 1.669 1.141 2441 2.641 0.008 -I:l- 4.55
Chen 2019 4951 3.360 7.296 8.087 0.000 -I:'- 4 53
0.539 0.407 0713 4.323- 0.000 ’
0.01 0.1 1 10 100
B
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Shaat 2007 1694 1.178 2435 2846 0.004 {iF 12.60
Cho 2009 3.621 0.174 75552 0.830 0.406 0.18
Lauenborg 2009 1478 0999 2187 1.955 0.051 H = 10.83
Freathy 2010a 1294 0994 1686 1.912 0.056 :l 23.78
Freathy 2010b 0.490 0.025 9512 0.471- 0.638 0.19
Rizk 2011 1456 0467 4536 0.648 0517 —_— 1.29
Aris 2011 1.991 0.080 49309 0.421 0674 0.16
Papadbouoclou 2011 1.543 1.125 2116 2.693 0.007 D 16.67
Pappa 2011 1.978 0795 4920 1.467 0.142 -+ 2.00
Vcelak 2012 0.679 0.372 1240 1.261- 0.207 — 458
Ekelund 2012 1964 1.107 3485 2306 0.021 —] 5.05
Klein 2012 0.609 0.194 1917 0.847- 0.397 —Cj— 1.26
Pagan 2014 2378 0463 12223 1.037 0.300 0.682
Reyes-Lopez 2014 1.857 0.507 6.797 0.935 0.350 0.99
Shi 2014 4195 1.715 10266 3.141 0.002 ] 2.07
Thomas 2014 0.679 0.372 1.240 1.261- 0.207 =] et 458
Kan 2014 3.030 0.122 75279 0.676 0.499 0.16
de Melo 2015 1278 0642 2544 0.698 0485 —t 3.50
Huerta-Chagoya 2015  1.622 0.744 3536 1.215 0.224 e o 273
Michalak-Wojnowska 201@.042 0.090 12.055 0.033 0.974 0.28
Mashfiqul-Hasan 2016  1.000 0.135 7.392 0.000 1.000 _— 0.42
Franzago 2016 2319 1.186 4534 2459 0.014 — e 3.69
Chen 2019 5832 2522 13486 4.122 0.000 " 236
1481 1302 1685 5975 0.000 .
0.01 0.1 1 10 100

Figure 2. Forest Plots for Association between the TCEF7L2 rs7903146 Polymorphism and GDM Risk in Whole
Population. A: Allele model (T vs. C); B: Recessive model (TT vs. TC+CC)
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Study name Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Rizk 2011 2.273 0.598 8640 1.205 0.228 P e g— 3.67
Papadbouoclou 2011 1.577 1.133 2.195 2.703 0.007 ] 60.03
Vcelak 2012 1.589 0.850 2.970 1.451 0.147 - — 16.75
Pagan 2014 1.421 0.238 8.478 0.386 0.700 ——— 2.05
Reyes-Lopez 2014 5.892 1.185 29.287 2.168 0.030 2.566
de Melo 2015 0964 0497 1869 0.108- 0914 14.94

1.535 1.188 1.982 3.279 0.001 &

0.01 0.1 1 10 100
B

Study name Statistics for each study Odds ratio and 95% CI1

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight

Cho 2009 2.556 0.529 12.344 1.168 0.243 s 3.94
Rizk 2011 2891 1.071 7.801 2096 0.036 —T 1 8.22
Papadbouoclou 2011 1.444 1.202 1.734 3.935 0.000 26.52
Vcelak 2012 1.339 0.975 1.838 1.806 0.071 2294
Pagan 2014 0.770 0.281 2.110 0.509- 0.611 8.04
Reyes-Lopez 2014 7.214 2.985 17.437 4.388 0.000 — H— 2.67
de Melo 2015 1.222 0.825 1.809 1.000 0.317 20.68

1.649 1.177 2.309 2.911 0.004

0.01 0.1 1 10 100

Figure 3. Forest Plots for Association between the TCF7L2 rs12255372 Polymorphism and GDM Risk in
Whole Population. A: Homozygote model (T'T vs. GG); B: Dominant model (TT+TC vs. CC)

However, we found that heterogeneity
could be explained by GDM criteria and
ethnicity for TCF7L2 rs7903146 and
rs12255372, respectively.

Sensitivity analysis: We carried out
sensitivity analysis to assess the effect of
excluding a single study, in turns. The results
showed that no individual study had an
influence on the pooled OR all involved

A

polymorphisms at TCF7L2 gene in the current
meta-analysis. Moreover, we performed the
sensitivity analysis by excluding those studies
did not in agreement with HWE. The results
indicated that the pooled ORs were not
materially altered by excluding those studies
on TCF7L2 rs7903146 and rs12255372
polymorphisms, suggesting the stability of
our meta-analysis.

Study name Statistics for each study

Odds

Odds ratio and 95% CI

Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Papadbouclou 2011 0.231 0.176 0.303 10.558- 0.000 30.61
Veelak 2012 0.200 0.121 0.331 6.279- 0.000 22.96
Pagan 2014 0.181 0.036 0917 2.064- 0.039 5.28
Stuebe 2014 0.587 0.342 1.009 1.927- 0.054 21.70
Michalak-VWojnowska 201@®.099 0.012 0.806 2.161- 0.031 3.35
Anghebem-Oliveira 2017 0.270 0.128 0.569 3.441- 0.001 16.09

0.269 0.180 0.403 6.363- 0.000

0.01 0.1 1 10 100
B

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit 2Z-Value p-Value weight

Papadbouoclou 2011 1.612 1.342 1.938 5.092 0.000 |:| 60.16
Vcelak 2012 1.753 1.273 2413 3.441 0.001 F 19.90
Pagan 2014 1.098 0.403 2990 0.183 0.855 2.03
Stuebe 2014 2115 1.278 3.501 2.915 0.004 —_— 8.02
Michalak-Wojnowska 201®.864 0.321 2.323 0.290- 0.772 2.08
Anghebem-Oliveira 2017 1.344 0.807 2.238 1.135 0.256 7.82

1.618 1.403 1.866 6.612 0.000 ’

0.01

0.1 1 10 100
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Figure 4. Forest Plots for Association between the TCEF7L2 rs7901695 Polymorphism and GDM Risk in Whole
Population. A: Heterozygote model (CT vs. TT); B: Dominant model (CC+CT vs. TT)
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Figure 5. Begg’s Funnel Plot for Publication Bias Test for Association between the TCF7L2 Polymorphisms
with GDM Risk. A: rs7903146 (Allele Model: T vs. C); B: 1512255372 (Heterozygote Model: TG vs. GG); and
C: 157901695 (Recessive Model: CC vs. CT+TT)

Publication bias: Begg’s funnel plot and
Egger’s test were used to evaluate the
potential publication bias of included studies
on TCF7L2 rs7903146, rs12255372 and
rs7901695 polymorphisms. The Egger’s test
results for the TCF7L2 polymorphisms under

98 World J Peri & Neonatol 2021; Vol. 4; No. 2

all five genetic models are presented in table
2. Begg’s funnel did not statistically reveal a
significant publication bias in any of the
models for all involved polymorphisms at
TCF7L2 gene (Figure 5A-5C).

Discussion
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Pregnancy is associated with  several
metabolic, biochemical, physiological,
hematological and immunological changes.*®®*
During pregnancy insulin resistance changes
due to placental secretion of diabetogenic
hormones such as progesterone, growth
hormone and corticotrophin-releasing
hormone to ensure an adequate supply of
nutrients to the fetus.>*®*®? Studies revealed
that the TCF7L2 variants correlated with
insulin resistance and insulin secretion of
patients with GDM.®® Moreover, the TCF7L2
variants might be associated with increased
hepatic glucose production and reduced
hepatic insulin sensitivity and regulated the
hepatic  glucose  metabolism via the
gluconeogenesis pathway in humans.®*®
Large scale association studies have found
a significant association between TCF7L2
rs7903146 polymorphism and GDM risk.
However, those studies results are
inconsistent and incomplete, and might have
limited statistical power with individual
studies having relatively small sample sizes
and genotyping methods. In this study, we
aimed to assess the association of the TCF7L2
rs7903146 polymorphism with GDM risk in
whole population. Our pooled data showed
that the TCF7L2 rs7903146 polymorphism
was associated with an increased risk of GDM
risk under all five genetic models. Moreover,
subgroup analysis indicated that TCF7L2
rs7903146 polymorphism was associated with
GDM risk in Caucasians and Chinese women,
but not in Asian women. Chang et al., in a
meta-analysis based on 18 studies evaluated
the TCF7L2 rs7903146 polymorphism with
GDM. They found that the polymorphism
was associated with GDM risk in overall
population.  Moreover, their  subgroup
analyses revealed that the TCF7L2 rs7903146
polymorphism was associated with an
increased risk of GDM in in Caucasian, Asian
and other populations.®® Lin et al., in a meta-
analysis including 16 studies with 4,853 cases
and 10,631 controls reported that the TCF7L2
rs7903146 polymorphism was associated with
GDM risk. Moreover, their subgroup analysis

Motamadinasab, et al.

showed a statistically significant association
between rs7903146 polymorphism and GDM
risk in  whites, Hispanics/Latinos and
Asians.®” In another meta-analysis based on
10 studies with 3404 cases and 6473 controls
reported that the TCF7L2 rs7903146
polymorphism associated with GDM risk in
overall population.®

The rs12255372 polymorphism  was
widely studied with susceptibility to GDM in
different populations. Our pooled data
showed that the TCF7L2 rs12255372
polymorphism was significantly associated
with an increased risk of GDM in whole
population. Moreover, there was significant
association by ethnicity in Asians and
Caucasians women. Wang et al., in a meta-
analysis reported the TCF7L2 rs12255372
polymorphism was associated with GDM.
Their pooled data indicated that this
polymorphism was associated with GDM in
Caucasians women. 3! Chang et al., in a meta-
analysis based on ten studies reported that the
TCF7L2 rs12255372 polymorphism was
associated with GDM in overall population
and Caucasians, but not in Asians.®
Moreover, our pooled data revealed that the
TCF7L2 rs7901695 polymorphism  was
significantly associated with an increased risk
of GDM risk in whole population under all
five genetic models. Moreover, two previous
meta-analyses by Chang et al., Wang et al.,
indicated that the TCF7L2 rs7901695
polymorphism was associated with GDM. -

Some limitations of this meta-analysis
should be taken into account. First, some
published studies included in the current met-
analysis did not conform to the HWE, which
could be due to potential bias during
population selection. Second, the sample size
of some included studies to evaluate the
association of TCF7L2 rs7903146,
rs12255372 and rs7901695 polymorphisms
with GDM were relatively small. Third, the
sample sizes for TF7L2 rs7903146,
rs12255372 and rs7901695 polymorphisms
were not large, which may lead to reduced
statistical power. Fourth, the strength of the
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associations was measured by unadjusted
ORs for confounding factors such as age,
insulin ~ level, gestational age, and
environmental factors due to the lack primary
data, which might have affected our results.
Finally, GDM is a multifactorial condition
and interactions between genetic and
environmental factors might influence the
development of this disease. The evaluation
of TCF7L2 variants could not clarify the
susceptibility of GDM exactly. Thus, more
attention should be devoted to interactions of
gene-gene and gene-environment in future
large multi-centric studies.

Conclusion

In  summary, this meta-analysis result
demonstrated that the TCF7L2 rs7903146,
rs12255372 and rs7901695 polymorphisms
were associated with a significant risk of
GDM in whole population. Moreover,
rs7903146 was associated with an increased
risk of GDM in Caucasian, mixed and
Chinese women, and TCF7L2 rs12255372
polymorphism in Asians and Caucasians
women. Our results may help understand the
role of TCF7L2 polymorphisms in GDM
pathogenesis.

Conflict of Interests
Authors have no conflict of interests.

Acknowledgments

The authors thank the editors and the
anonymous  reviewers  for insightful
suggestions on this study.

How to Cite: Motamadinasab M, Dastgheib SA,
Golshan-Tafti M, Bahrami R, Javaheri A,
Tabatabaie RS, et al. Association of TCF7L2
Polymorphisms with Susceptibility to Gestational
Diabetes Mellitus: A Systematic Review and
Meta-analysis. World J Peri & Neonatol 2021,
4(2): 88-103.

DOI: 10.18502/wjpn.v4i2.8647

References

1. Muche AA, Olayemi 0O, Gete YK.
Prevalence of gestational diabetes mellitus and

100 World J Peri & Neonatol 2021; Vol. 4; No. 2

associated factors among women attending
antenatal care at Gondar town public health
facilities, Northwest Ethiopia. BMC Pregnancy
Childbirth 2019; 19(1): 334.

2. Asadi M, Shahzeidi M, Nadjarzadeh A,
Hashemi Yusefabad H, Mansoori A. The
relationship between pre-pregnancy dietary
patterns adherence and risk of gestational
diabetes mellitus in Iran: A case—control study.
Nutr Diet 2019; 76(5): 597-603.

3. Hunt KJ, Schuller KL. The increasing
prevalence of diabetes in pregnancy. Obstet
Gynecol Clin North Am 2007; 34(2): 173-99.

4. Herring SJ, Oken E. Obesity and diabetes in
mothers and their children: Can we stop the
intergenerational cycle? Curr Diab Rep 2011;
11(1): 20-7.

5. Shupecka-Ziemilska M, Wychowanski P,
Puzianowska-Kuznicka M. Gestational
diabetes  mellitus affects offspring’s
epigenome. Is there a way to reduce the
negative consequences? Nutrients 2020; 12(9):
2792.

6. Zhu Z, Cao F, Li X. Epigenetic programming
and fetal metabolic programming. Front
Endocrinol (Lausanne) 2019; 10: 764.

7. Franzago M, Fraticelli F, Stuppia L,
Vitacolonna E. Nutrigenetics, epigenetics and
gestational diabetes: consequences in mother
and child. Epigenetics 2019; 14(3): 215-35.

8. Melchior H, Kurch-Bek D, Mund M. The
prevalence of gestational diabetes: a
population-based analysis of a nationwide
screening program. Dtsch Arztebl Int 2017
114(24): 412-8.

9. International Association of Diabetes and
Pregnancy Study Groups Consensus Panel,
Metzger BE, Gabbe SG, Persson B, Buchanan
TA, Catalano PA, et al. International
association of diabetes and pregnancy study
groups recommendations on the diagnosis and
classification of hyperglycemia in pregnancy.
Diabetes Care 2010; 33(3): 676-82.

10.Niroomand M, Afsar J, Hosseinpanah F,
Afrakhteh M, Farzaneh F, Serahati S.
Comparison of the international association of
diabetes in pregnancy study group criteria with
the old American diabetes association criteria
for diagnosis of gestational diabetes
mellitus. Int J Endocrinol Metab 2019; 17(4):
e88343.

http://wjpn.ssu.ac.ir



11.Moses RG, Morris GJ, Petocz P, Sangil F,
Garg D. The impact of potential new
diagnostic criteria on the prevalence of
gestational diabetes mellitus in Australia. Med
J Aust 2011; 194(7): 338-40.

12.Yahaya TO, Salisu T, Abdulrahman YB, Umar
AK. Update on the genetic and epigenetic
etiology of gestational diabetes mellitus: a
review. Egypt J Med Hum Genet 2020; 21(1):
1-13.

13.Kampmann U, Knorr S, Fuglsang J, Ovesen P.
Determinants of maternal insulin resistance
during pregnancy: an updated overview. J
Diabetes Res 2019; 2019: 5320156.

14.de Sousa RAL, Torres YS, Figueiredo CP,
Passos GF, Clarke JR. Consequences of
gestational diabetes to the brain and behavior
of the offspring. An Acad Bras Cienc 2018;
90(2 suppl 1): 2279-91.

15.Nunes RD, Fléres ME, Seemann M, Traebert
E, Traebert J. Two criteria of oral glucose
tolerance test to diagnose gestational diabetes
mellitus. Rev Assoc Med Bras (1992) 2020;
66(2): 139-45.

16.Blum AK. Insulin use in pregnancy: An
update. Diabetes Spectr 2016; 29(2): 92-7.

17.Aktin HL, Uyan D, Yorgunlar B, Acet M.
Gestational diabetes mellitus screening and
outcomes. J Turk Ger Gynecol Assoc 2015;
16(1): 25-9.

18.Xiong X, Saunders LD, Wang FL, Demianczuk
NN. Gestational diabetes mellitus: Prevalence,
risk factors, maternal and infant outcomes. Int J
Gynaecol Obstet 2001; 75(3): 221-8.

19.Patel M, Singh M, Sachan P, Sachan R.
Outcome in gestational diabetes mellitus after
various treatment modality: A tertiary center
experience in North India. Ann Trop Med
Public Health 2018; 11(4): 140-4.

20.Kc K, Shakya S, Zhang H. Gestational
diabetes mellitus and macrosomia: A literature
review. Ann Nutr Metab 2015; 66(Suppl 2):
14-20.

21.Mitanchez D. What neonatal complications
should the pediatrician be aware of in case of
maternal gestational diabetes? World J
Diabetes 2015; 6(5): 734-43.

22 Mitanchez D. Complications fcetales et
néonatales du diagnostic  gestationnel :
mortalité périnatale, malformations
congénitales, macrosomie, dystocie des
épaules, traumatisme obstétrical, complications

Motamadinasab, et al.

néonatales. J Gynecol Obstet Biol Reprod
(Paris) 2010; 39(8 Suppl 2). [In French].

23.Reece  EA. The fetal and maternal
consequences of gestational diabetes mellitus.
J Matern Fetal Neonatal Med 2010; 23(3):
199-203.

24.da Silva AL, do Amaral AR, de Oliveira DS,
Martins L, Silva MR, Silva JC. Desfechos
neonatais de acordo com diferentes
terapéuticas do diabetes mellitus gestacional. J.
Pediatr 2017; 93(1): 87-93.

25.Garcia-Vargas L, Addison SS, Nistala R,
Kurukulasuriya D, Sowers JR. Gestational
diabetes and the offspring: Implications in the
development of the cardiorenal metabolic
syndrome in offspring. Cardiorenal Med 2012;
2(2): 134-42.

26.Robitaille J, Grant AM. The genetics of
gestational diabetes mellitus: Evidence for
relationship with type 2 diabetes mellitus.
Genet Med 2008; 10(4): 240-50.

27.Pappa KI, Gazouli M, Economou K,
Daskalakis G, Anastasiou E, Anagnou NP, et
al. Gestational diabetes mellitus shares
polymorphisms of genes associated with
insulin resistance and type 2 diabetes in the
Greek population. Gynecol Endocrinol 2011;
27(4): 267-72.

28.Lowe WL, Scholtens DM, Sandler V, Hayes
MG. Genetics of gestational diabetes mellitus
and maternal metabolism. Curr Diab Rep
2016; 16(2): 15.

29.Lauenborg J, Grarup N, Damm P, Borch-
Johnsen K, Jgrgensen T, Pedersen O, et al.
Common type 2 diabetes risk gene variants
associate with gestational diabetes. J Clin
Endocrinol Metab 2009; 94(1): 145-50.

30.Powe CE, Kwak SH. Genetic studies of
gestational diabetes and glucose metabolism in
pregnancy. Curr Diab Rep 2020; 20(12): 69.

31.Wang B, Xue X. Investigations of associations
between seven gene polymorphisms and
gestational diabetes mellitus: Evidence from a
meta-analysis. Gynecol Obstet Invest 2020;
85(3): 229-36.

32.Hasan M, MA H, K N-H, Panthi S, Aktar Y,
Sultana N, Jahan S, et al. TCF7L2 gene
rs7903146 polymorphism is observed in
gestational diabetes mellitus in Bangladesh.
Integr Obesity Diabetes 2016; 2(4).

33.Chen X, Ayala I, Shannon C, Fourcaudot M,
Acharya NK, Jenkinson CP, et al. The diabetes

World J Peri & Neonatol 2021; Vol. 4; No.2 101

http://wjpn.ssu.ac.ir



TCF71.2 and Gestational Diabetes

gene and wnt pathway effector TCF7L2
regulates adipocyte development and function.
Diabetes 2018; 67(4): 554-68.

34.Vural HC. Tcf712 gene polymorphism in T2dm
with patients in Turkish population. J Clin
Epigenet 2017; 3(3): 27.

35.Hou N, Ye B, Li X, Margulies KB, Xu H,
Wang X, et al. Transcription Factor 7-like 2
Mediates Canonical Wnt/B-Catenin Signaling
and c-Myc Upregulation in Heart Failure. Circ
Heart Fail 2016; 9(6): 10.1161.

36.Zhang C, Qi L, Hunter DJ, Meigs JB, Manson
JE, van Dam RM, et al. Variant of
transcription factor 7-like 2 (TCF7L2) gene
and the risk of type 2 diabetes in large cohorts
of U.S. women and men. Diabetes 2006; 55(9):
2645-48.

37.Zhou Y, Park SY, Su J, Bailey K, Ottosson-
Laakso E, Shcherbina L, et al. TCF7L2 is a
master regulator of insulin production and
processing. Hum Mol Genet 2014; 23(24):
6419-31.

38.Ekelund M, Shaat N, Almgren P, Anderberg E,
Landin-Olsson M, Lyssenko V, et al. Genetic
prediction of postpartum diabetes in women
with gestational diabetes mellitus. Diabetes
Res Clin Pract 2012; 97(3): 394-8.

39.Gorczyca-Siudak D, Michalak-Wojnowska M,
Gorczyca T, Mosiewicz B, Kwasniewska A,
Filip A, et al. Association between rs7901695
and rs7903146 polymorphisms of the TCF7L2
gene and gestational diabetes in the population
of Southern Poland. Ginekol Pol 2016; 87(11):
745-750.

40.Moghimi M, Sobhan MR, Jarahzadeh MH,
Morovati-Sharifabad M, Aghili K, Ahrar H, et
al. Association of GSTM1, GSTT1, GSTM3,
and GSTP1 genes polymorphisms with
susceptibility to osteosarcoma: a case- control
study and meta-analysis. Asian Pac J Cancer
Prev 2019; 20(3): 675-82.

41.Shaat N, Lernmark A, Karlsson E, Ivarsson S,
Parikh H, Berntorp K, et al. A variant in the
transcription factor 7-like 2 (TCF7L2) gene is
associated with an increased risk of gestational
diabetes mellitus. Diabetologia 2007; 50(5):
972-9.

42.Cho YM, Kim TH, Lim S, Choi SH, Shin HD,
Lee HK, et al. Type 2 diabetes-associated
genetic variants discovered in the recent
genome-wide association studies are related to

102  World J Peri & Neonatol 2021; Vol. 4; No. 2

gestational diabetes mellitus in the Korean
population. Diabetologia 2009; 52(2): 253-61.

43.Freathy RM, Hayes MG, Urbanek M, et al.
Hyperglycemia and adverse  pregnancy
outcome (HAPO) study: Common genetic
variants in GCK and TCF7L2 are associated
with fasting and postchallenge glucose levels
in pregnancy and with the new consensus
definition of gestational diabetes mellitus from
the International Association of Diabetes and
Pregnancy Study Groups. Diabetes 2010;
59(10): 2682-9.

44 Rizk N, Abdullah Rooshenas A, Fouladi E,
Abdullah Rooshenas F, Al-Ali K, Al-Khinji M,
et al. The associations of transcription factor 7-
like 2 [TCF7L2] gene with gestational diabetes
mellitus in state of Qatar. Qatar Foundation
Annual Research Forum Proceedings 2011;
2011(1): BMPS.

45.Aris NKM, Ismai NAM, Mahdy ZA, Ahmad
S, Naim NM, Siraj HH,et al. An analysis of
targeted single nucleotide polymorphisms for
the risk prediction of gestational diabetes
mellitus in a cohort of Malaysian patients -
UKM Journal Article Repository. Asia-Pacific
J Mol Med 2011; 1(1): 1-8.

46.Papadopoulou A, Lynch KF, Shaat N,
Hakansson R, Ivarsson SA, Berntorp K, et al.
Gestational diabetes mellitus is associated with
TCF7L2 gene polymorphisms independent of
HLA-DQB1*0602 genotypes and islet cell
autoantibodies. Diabet Med 2011; 28(9):
1018-27.

47.Veelak J, Vejrazkova D, Vainkova M,
LukaSova P, Bradnova O, Halkova T, et al.
T2D risk haplotypes of the TCF7L2 gene in
the Czech population sample: the association
with free fatty acids composition. Physiol Res
2012; 61(3): 229-40.

48.Ekelund M, Shaat N, Almgren P, Anderberg E,
Landin-Olsson M, Lyssenko V, et al. Genetic
prediction of postpartum diabetes in women
with gestational diabetes mellitus. Diabetes
Res Clin Pract 2012; 97(3): 394-8.

49.Klein K, Haslinger P, Bancher-Todesca D,
Leipold H, Knofler M, Handisurya A, et al.
Transcription ~ factor  7-like 2 gene
polymorphisms and gestational diabetes
mellitus. J Matern Fetal Neonatal Med 2012;
25(9): 1783-6.

50.Pagan A, Sabater-Molina M, Olza J, Prieto-
Sanchez MT, Blanco-Carnero JE, Parrilla JJ, et

http://wjpn.ssu.ac.ir



al. A gene variant in the transcription factor 7-
like 2 (TCF7L2) is associated with an increased
risk of gestational diabetes mellitus. Eur J Obstet
Gynecol Reprod Biol 2014; 180(1): 77-82.

51.Reyes-Lopez R, Perez-Luque E, Malacara JM.
Relationship  of lactation, BMI, and
rs12255372 TCF7L2 polymorphism on the
conversion to type 2 diabetes mellitus in
women with previous gestational diabetes.
Gynecol Endocrinol 2019; 35(5): 412-6.

52.Thomas N, Mahesh DM, Chapla A, Paul J,
Shwetha N, Christina F, et al. Does TCF7L2
polymorphisms increase the risk of gestational
diabetes mellitus in South Indian population?
Endocrine Abstracts 2014; 34: P270.

53.ZXJ H. Relationship between rs7903146-T/C
polymorphism of TCFTL2 gene and
gestational diabetes mellitus. J Chin Phys
2015; 17: 65-67. [In Chinese].

54.Shi X, Cai Q, Zou M, Shen Y. Correlation
between TCF7L2 gene polymorphism and
genetic susceptibility in women with gestational
diabetes mellitus. Zhonghua Fu Chan Ke Za zhi
2014; 49(8): 588-93. [In Chinese].

55.de Melo SF, Frigeri HR, dos Santos-Weiss
ICR, Réa RR, de Souza EM, Alberton D, et al.
Polymorphisms in FTO and TCF7L2 genes of
Euro-Brazilian women with gestational
diabetes. Clin Biochem 2015; 48(16-17):
1064-7.

56.Huerta-Chagoya A, Vazquez-Cardenas P,
Moreno-Macias H, Tapia-Maruri L,
Rodriguez-Guillén R, Lépez-Vite E, et al.
Genetic determinants for gestational diabetes
mellitus and related metabolic traits in
Mexican women. PLoS One 2015; 10(5):
e0126408.

57.Stuebe AM, Wise A, Nguyen T, Herring A,
North KE, Siega-Riz AM. Maternal genotype
and gestational diabetes. Am J Perinatol 2014;
31(1): 69-76.

58.Anghebem-Oliveira MI, Martins BR, Alberton
D, de Souza Ramos EA, Picheth G, Rego FG
de M. Type 2 diabetes-associated genetic
variants of FTO, LEPR, PPARg, and TCF7I2
in gestational diabetes in a Brazilian
population. Arch Endocrinol Metab 2017;
61(3): 238-48.

Motamadinasab, et al.

59.Sonagra AD, Biradar SM, Dattatreya K,
Jayaprakash Murthy DS. Normal pregnancy- A
state of insulin resistance. J Clin Diagn Res
2014; 8(11): CCo01-3.

60.Maltepe E, Penn AA. Development, function,
and pathology of the placenta. In: Gleason CA,
Juul SE, editor. Avery’s diseases of the
newborn. 10" ed. London, Uk: Elsevier Inc.;
2018. p. 40-60.

61.Napso T, Yong HEJ, Lopez-Tello J, Sferruzzi-
Perri AN. The role of placental hormones in
mediating maternal adaptations to support
pregnancy and lactation. Front Physiol 2018;
9:1091.

62.Ryan EA. Hormones and insulin resistance
during pregnancy. Lancet 2003; 362(9398):
1777-8.

63.Ye D, Fei Y, Ling Q, XuW, Zhang Z, Shu J, et
al. Polymorphisms in TCF7L2 gene are
associated with gestational diabetes mellitus in
Chinese Han population. Sci Rep 2016; 6(1):
30686.

64.Cropano C, Santoro N, Groop L, Man CD,
Cobelli C, Galderisi A, et al. The rs7903146
variant in the tcf712 gene increases the risk of
prediabetes/type 2 diabetes in  obese
adolescents by impairing b-cell function and
hepatic insulin sensitivity. Diabetes Care 2017;
40(8): 1082-9.

65.Adams JD, Vella A. What can diabetes-
associated genetic variation in TCF7L2 teach
us about the pathogenesis of type 2 diabetes?
Metab Syndr Relat Disord 2018; 16(8): 383-9.

66.Chang S, Wang Z, Wu L, Lu X, Shangguan S,
Xin Y, et al. Association between TCF7L2
polymorphisms and gestational diabetes
mellitus: A meta-analysis. J Diabetes Investig
2017; 8(4): 560-70.

67.Lin PC, Lin WT, Yeh YH, Wung SF.
Transcription factor 7-like 2 (TCF7L2)
rs7903146 polymorphism as a risk factor for
gestational diabetes mellitus: A meta-analysis.
PLo0S One 2016; 11(4): e0153044.

68.Kang S, Xie Z, Zhang D. Association of the
rs7903146 polymorphism in transcription
factor 7-like 2 (TCF7L2) gene with gestational
diabetes mellitus: A meta-analysis. Gynecol
Endocrinol 2013; 29(10): 873-7.

World J Peri & Neonatol 2021; Vol. 4; No.2 103

http://wjpn.ssu.ac.ir



