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Abstract

Background A significant overlap in the pathophysiological features of polycystic ovary syndrome (PCOS) and
type 2 diabetes mellitus (T2DM) has been reported; and insulin resistance is considered a central driver in both. The
expression and hepatic clearance of insulin and subsequent glucose homeostasis are mediated by TCF7/L2 via Wnt
signaling. Studies have persistently associated TCF7/L2 genetic variations with T2DM, however, its results on PCOS are
sparse and inconsistent.

Methods We performed a comprehensive literature review of the data published till June 2024, on rs7903146,
rs12255372,and PCOS in PubMed, Medline, the Cochrane Library, Google Scholar, Science Direct, Scopus, and Web of
Science, followed by a meta-analysis to evaluate the association between these genetic variations and the PCOS risk.
Using a random effects model, the pooled odds ratio (OR) and confidence intervals (95%Cl) were computed using
STATA statistical software.

Results The genotypic data from 3052 controls and 2291 women with PCOS from ten published studies were
analysed. The results indicated no cumulative association between the rs7903146 variant and PCOS risk in either the
allelic (Cvs. T: OR=1.21; 95% Cl: 0.96-1.47, p>0.05) or genotypic models (CC vs. CT+TT: OR=1.06; 95% ClI: 0.90—

1.23, p>0.05). Similarly, the genetic variant rs12255372 was not associated with PCOS risk both in the allelic and the
dominant inheritance model(p > 0.05). Unlike East Asians (MAF <0.025), both variants are highly frequent across other
global populations including America, South Asia, and Europe (MAF >0.19).

Conclusion Unlike T2DM, our results showed that rs7903146 and rs12255372 variants of the TCF7L2 gene do not
modulate the PCOS risk. However, the role of other TCF/L2 variants remains to be studied in future studies.
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Introduction

Polycystic ovary syndrome (PCOS) is increasingly recog-
nized as the most prevalent (9.2%) endocrine—metabolic
disorder in young women of <40 years of age [1, 2]. The
clinical presentation of PCOS includes chronic anovula-
tion, hyperandrogenism, and polycystic ovaries [3, 4].
Globally, the age-standardized PCOS incidence rate in
2017 was reported to be ~83/10° in reproductive-aged
women [5]. PCOS and Type 2 diabetes mellitus (T2DM)
have similar pathophysiological characteristics [1].
T2DM and insulin resistance (IR) are two typical mani-
festations in women with PCOS. Women with PCOS
have been found to have a 3-fold greater risk of impaired
glucose tolerance (IGT) when compared to age-matched
non-PCOS women. Moreover, elevated oxidative stress
[6], and pervasiveness of undiagnosed T2DM in women
with PCOS [7], warrants contemplation especially in the
Vitamin-D deficient populations [8]. Given these obser-
vations, evidence suggests that T2DM, IR, and PCOS
are likely to be an outcome of a common dysregulated
pathway.

Given a significant overlap in the pathophysiological
events between PCOS and T2DM, several genes have
been proposed as potential candidates in the poorly
understood etiology of PCOS. Among these factors,
TCF7L2 (transcription factor 7-like 2) and INSR (insulin
receptor) are considered important modulators of PCOS
risk. TCF7L2 is a transcription factor in the Wnt signal-
ing cascade that regulates the transcription of several
genes, including those involved in glucose homeostasis
[9]. TCF7L2 mediates the hormone glucagon-like pep-
tide-1 (GLP-1) which in turn enhances the secretion and
the production of insulin and inhibits glucagon secretion
[10]. Additionally, the synthesis, secretion, and degrada-
tion of glucose-dependent insulin-tropic peptide (GIP),
insulin-like growth factor-1 (IGF-1), and the functioning
of pancreatic beta islets are all downstream effects of this
TCF7L2/Wnt signaling cascade [11]. TCF7L2 imparts an
enhanced risk and expedites the development of T2DM
in subjects with impaired glucose tolerance [12]. Given
that PCOS women possess a seven-fold risk for devel-
oping T2DM, a strong association between PCOS and
IR and the crucial involvement of TCF7L2 in glucose
homeostasis makes the latter a compelling candidate for
understanding PCOS pathogenesis [12]. While few small
candidate gene association studies have evaluated the
association of TCF7L2 genetic variants with PCOS risk,
no underlying mechanism of the former in the develop-
ment of PCOS has been established so far.

The complex and heterogeneous clinical presenta-
tion of PCOS and its poorly understood multifactorial
pathogenesis is modulated by genetic and epigenetic
factors [13, 14]. As an essential candidate genetic locus
for T2DM, the genetic variations in TCF7L2 have been
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persistently linked with the risk of T2DM [15, 16]. How-
ever, studies on its association with PCOS are limited and
have shown inclusive results [17, 18]. Therefore, based
on the published research, we conducted a meta-analysis
and assessed the relationship between the persistently
investigated TCF7L2 polymorphic variants (rs12255372
and rs7903146) with the risk of PCOS.

Methodology

Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) checklist guidelines were fol-
lowed for the current study [19].

Search strategy

A comprehensive literature search strategy utilizing a
combination of keywords including “TCF7L2” AND
“PCOS” OR “Polycystic ovary syndrome” was carried
out. Besides, another search strategy with the keywords
“rs7903146” PCOS’ OR “Polycystic ovary syndrome” and
“rs12255372” AND “PCOS” OR “Polycystic ovary syn-
drome” was used for inclusion/exclusion of studies. The
publicly accessible resources such as PubMed, Medline,
the Cochrane Library, Google Scholar, Science Direct,
Scopus, and Web of Science were accessed. The litera-
ture search was conducted between 21st February to May
31st, 2024 and all the papers published till May 31st, 2024
were included in the analysis.

Inclusion and exclusion

During the literature search, restrictions were not placed
on country, time, or language of publication. However,
due to missing required information, editorial letters,
conference proceedings, and practice guidelines were
excluded. To confirm eligibility, the data was extracted
and read independently by two authors (IAS and RR).
The data was made available to other authors for further
analysis. The minor allele frequencies of the two studied
variants rs7903146 (GRCh37; Chr:10:114758349-C/T)
and rs12255372 (GRCh37; Chr:10:114808902-G/T) were
also checked at (asia.ensembl.org).

After removing duplicates, titles, and abstracts were
screened as per the eligibility criteria. The full-text arti-
cles of all the identified abstracts were reviewed indepen-
dently. Only the case-control studies with (a) well-defined
uniform diagnostic criteria for PCOS, (b) evaluating the
relationship between the polymorphic variants rs7903146
and rs12255372 of TCF7L2 and the risk of PCOS, and (c)
reporting odds ratios, genotypic and allelic frequencies
were included in the current meta-analysis. The exclusion
criteria included: (1) studies thar did not providing suffi-
cient data on allelic and genotypic data (2) studies with-
out clear results and in languages other than English (4)
Case reports, commentaries, guidelines, editorials, book
chapters, letters to editor, reviews, and metanalysis. The
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reference lists of previous systematic reviews/metanalysis
were also screened for relevant studies. The observational
and interventional studies that did meet the eligibility
criteria were excluded from the analysis.

Quality assessment

The critical appraisal checklists for research developed
by the Joanna Briggs Institute (JBI) [19] were used to
assess the quality of the chosen studies and to assess
their bias risk. The risk of bias in a study was considered
high if the “yes” score was 49% or lower. Studies with a
score between 50 and 69% were considered at moder-
ate risk and those with a score of 70% or higher at low
risk of bias. All the studies included were evaluated for
the risk of bias and then classified accordingly i.e., stud-
ies with low risk, high risk of bias, and studies with some
concerns. Disagreements between the two independent
reviewers were addressed by discussion and consensus.

Statistical analysis

From each study included in the current meta-analysis,
the genotypic frequencies, odds ratios (ORs), and 95%
confidence intervals (CIs) were retrieved. Individual ORs
and 95%Cls were estimated by x> test wherever authors
had not reported. To evaluate the relationship between
the investigated genetic variations of TCF7L2 and the
risk of PCOS, pooled ORs with 95% Cls were also calcu-
lated. Given a variability in the published results on the
association of studied genetic variations and the risk of
PCOS, we used random effects model for the analysis. To
calculate the pooled OR, we employed both the domi-
nant model (CC vs. CT+TT for rs7903146 and GG vs.
GT +TT for rs12255372), and the allelic model (C allele
vs. A allele and G vs. T). To calculate the statistical sig-
nificance of pooled ORs, a Z-test was employed. Statis-
tical significance was defined as a two-tailed p-value of
<0.05. Any potential heterogeneity between studies was
estimated by performing the I? test. Studies with I>>50%
were considered substantially heterogeneous. Galbraith
plots were also plotted for heterogeneity estimation. The
studies were additionally stratified by ethnicities and sub-
populations, and pooled ORs were examined using the
random effects model. To look for any publication bias,
Egger’s and Begg’s tests were applied. STATA statistical
software (version 17.0, Stata Corporation, College Sta-
tion, TX) was used for the data analysis.

Results

Identification and description of studies

Eighty-eight papers (after deduplication) that were
related to TCF7L2 and PCOS risk were found in the lit-
erature review. After applying our predetermined exclu-
sion criteria and reviewing the titles and/or abstracts of
the research, 78 papers were removed as having either
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inadequate data or being ineligible for the meta-analy-
sis (Fig. 1). A detailed summary of the studies included
in the current meta-analysis is provided in Table 1. For
rs7903146, we examined the genotypes of 3052 controls
and 2291 women with PCOS from ten different studies
[20-28]. While as the data from 1173 PCOS patients and
1229 controls were analysed from five studies that were
eligible for the rs12255372 genetic variation TCF7L2
study [23, 24, 26, 27, 29]. The studies involved individu-
als from various ethnic backgrounds, and after dividing
them into two groups (Asian and non-Asian), the rela-
tionship between genetic variations and the risk of PCOS
was assessed.

Association of TCF7L2 genetic variants rs12255372 and
rs7903146 with PCOS

On analysing the association of TCF7L2 variant
rs7903146 and PCOS risk, our results indicated no
cumulative association between the rs7903146 variant
and PCOS in either the allelic (C vs. T: OR=1.21; 95% CI:
0.96-1.47, p>0.05) or genotypic models (CC vs. CT +TT:
OR=1.06; 95% CI: 0.90-1.23, p>0.05) (Fig. 2). Similarly,
the genetic variant rs12255372 was also not associated
with PCOS risk in any model studied: (G vs. T: OR=1.01;
95%CI:0.70-1.32, p>0.05) or genotypic dominant model
(GC vs. GT+TT: OR=0.99; 95%CI:0.66-1.233 (p>0.05)
(Fig. 3). Unlike East Asians (MAF<0.025), both vari-
ants are highly frequent across other global populations
(MAF=>0.19) in 1000G or gnomAD databases. Further,
there was no correlation between the examined polymor-
phic variations and the risk of PCOS when the subjects
were divided by ethnicity (p>0.05). In the meta-analysis
for rs12255372, we discovered heterogeneity across all
genetic models examined (I*=49.25% for the genotypic
model and I2=63.25% for the allelic model).

Publication bias and quality assessment of studies

The cumulative analysis did not reveal any indication of
publication bias according to Begg’s test or Egger’s test
(p>0.05) (Supplementary Figure S1). Upon sensitivity
analysis the results did not change when omitting one
study at a time (Supplementary Figure S2) and no sig-
nificant heterogeneity between the studies was observed
(Supplementary Figure S3).

Discussion

The overlapping pathophysiological events between
PCOS and T2DM suggest shared etiological factors as
well. The interaction between a Wnt ligand and its recep-
tor triggers a multitude of signaling cascades that in turn
orchestrate many cellular functions including polarity,
movement, proliferation, differentiation, self-renewal,
and survival [30]. The downstream Wnt signaling cas-
cade including regulation of multiple gene expression is
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y

After Duplicates excluded (n=88)
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abstract (n=24)
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Studies removed after full
| textreview (14)

Studies included in qualitative analysis (n=10)

Fig. 1 PRISMA flow diagram of the study selection process

mediated in the nucleus via the interaction of B-catenin
and TCF7L2 [31]. Wnt signaling regulates the produc-
tion and secretion of insulin [10] and inhibits glucagon
secretion. Besides synthesis, secretion, and degrada-
tion of glucose-dependent insulin-tropic peptide (GIP),
insulin-like growth factor-1 (IGF-1), and the function-
ing of pancreatic beta islets [11] are also regulated by
the same pathway. Moreover, in vitro pancreatic B-cell
depletion of TCF7L2 in humans has been demonstrated
to increase apoptosis, diminish p-cell proliferation, and
inhibit the maturation, production, and hepatic clearance
of glucose-stimulated insulin [32, 33]. The overexpressing
TCF7L2 in human islet cells have shown elevated insu-
lin synthesis and secretion [34]. Given that PCOS women
possess an elevated risk for developing T2DM, a strong
association between PCOS and IR, and the pivotal role
of TCF7L2 in glucose homeostasis makes latter a com-
pelling candidate for understanding PCOS pathogenesis
[12]. However, the direct causal role (if any) needs to be
validated in mechanistic studies in the future.

Our present meta-analysis based on 10 studies
showed that the polymorphic variants rs12255372 and
rs7903146 of TCF7L2 do not confer any susceptibility to
develop PCOS both in Asians or non-Asians (European,

Caucasian). TCF7L2 is a strong GWAS-identified suscep-
tibility genetic locus persistently associated with T2DM
across multiple ethnicities [35]. The TCF7L2 polymor-
phic variants have been hypothesized to modulate the
glycemic control in the subjects harboring them [36,
37]. However, the underlying pathophysiological mecha-
nisms mediated by these polymorphic variants are poorly
understood. Given both variants are intronic, studies
have speculated that both of these TC7L2 variants might
modulate the TCF7L2 gene expression, thereby modu-
lating glucose homeostasis [38]. However, though based
on a small sample size, Rashid et a [ [28] found no varia-
tions in the expression levels of TCF7L2 mRNA in the
leukocytes between PCOS cases and controls. An earlier
study has reported an elevated expression of TCF7L2 in
the granulosa cells of women with PCOS lacking IR [39].
Moreover, TCF7L2 genetic variations have been reported
to impact IR — a clinical manifestation of PCOS, as well
[40].

Studies that attempted to assess the association of
TCF7L2 variants (rs7903146 and rs12255372) and
the PCOS risk have failed to demonstrate any conclu-
sive results. While a previous meta-analysis discov-
ered a substantial correlation between PCOS risk and
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Fig. 2 Forest plot showing association between TCF7L2 genetic variant rs7903146 and the PCOS risk based on both dominant genotypic (CCvs. CT+T),
and the allelic model (C vs. T allele) stratified by the population. The countries from Asia included China, Korea and India while Non-Asian countries in-
cluded studies from Britain/Ireland, Greece, the Czech Republic, Brazil, Tunisia, and Turkey
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Fig. 3 Forest plot showing association between TCF/L2 genetic variant rs12255372 and the PCOS risk based on both dominant genotypic GG vs. GT+T),
and the allelic model (G vs. T allele) stratified by the population. The countries from Asia included China Korea and India while non-Asian countries in-
cluded studies from Britain/Ireland, Greece, the Czech Republic, Brazil, Tunisia, and Turkey

Author contributions
Supplementary Information Study Concept and design: IAS. Data Acquisition and analysis: IAS, RR, HR, AB.
The online version contains supplementary material available at https://doi.or Manuscript writing and approval: IAS, HR, RR, AB, MAG.

9/10.1186/513048-024-01585-z.
Data availability

] The analysed data can be shared upon a valid request to the corresponding

[ Supplementary Material 1 author.

Code availability

Ack led t:
cknowledgements Not Applicable

The authors gratefully acknowledge the Multi-disciplinary Research Unit,
SKIMS, Srinagar, funded by the Department of Health Research, Government
of India for providing the essential research facilities to complete this study.
The study did not receive any extramural funding.


https://doi.org/10.1186/s13048-024-01585-z
https://doi.org/10.1186/s13048-024-01585-z

Shah et al. Journal of Ovarian Research

(2025) 18:2

Declarations

Ethics approval
No ethical approval was required for the present study.

Consent to participate
Not applicable.

Consent to publish
Nothing was purchased or copied from a magazine, including any objects or
images.

Declaration of generative Al in scientific writing
No Al tool was used in the preparation of the manuscript.

Competing interests
The authors declare no competing interests.

Received: 25 July 2024 / Accepted: 25 December 2024
Published online: 06 January 2025

References

1.

2.

Azziz R. Polycystic ovary syndrome. Obstet Gynecol. 2018;132:321-36. https://
doi.org/10.1097/A0G.0000000000002698.

Salari N, Nankali A, Ghanbari A, et al. Global prevalence of polycystic ovary
syndrome in women worldwide: a comprehensive systematic review and
meta-analysis. Arch Gynecol Obstet. 2024;310:1303-14. https://doi.org/10.10
07/500404-024-07607-x.

Rotterdam E, ASRM SPONSORED PCOS CONCENSUS WORKSHOP GROUP.
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome. Fertil Steril. 2004;81:19-25. https://doi.o
rg/10.1016/j fertnstert.2003.10.004.

Azziz R, Carmina E, Dewailly D, et al. The androgen excess and PCOS Society
criteria for the polycystic ovary syndrome: the complete task force report.
Fertil Steril. 2009,91:456-88. https://doi.org/10.1016/j fertnstert.2008.06.035.
Liu J,Wu Q HaoYY, et al. Measuring the global disease burden of polycystic
ovary syndrome in 194 countries: global burden of Disease Study 2017. Hum
Rep. 2021;36:1108-19. https://doi.org/10.1093/humrep/deaa371.

Bahreiny SS, Ahangarpour A, Saki N, et al. Association of Free Radical product
and polycystic ovary syndrome: a systematic review and Meta-analysis.
Reprod Sci. 2024;31:1486-95. https://doi.org/10.1007/543032-023-01447-x.
Livadas S, Anagnostis P, Bosdou JK, Bantouna D, Paparodis R. Polycystic ovary
syndrome and type 2 diabetes mellitus: a state-of-the-art review. World J
Diabetes. 2022;13:5-26. https://doi.org/10.4239/wjd.v13.1.5.

Chakraborty S, Naskar TK, Basu BR. Vitamin D deficiency, insulin resistance,
and antimllerian hormone level: a tale of trio in the expression of polycystic
ovary syndrome. F&S Science. 2024, 5:252-64. https://doi.org/10.1016/jxfss.2
024.06.002

Del Bosque-Plata L, Martinez-Martinez E, Espinoza-Camacho M, Gragnoli C.
The role of TCF7L2 in type 2 diabetes. Diabetes. 2021;70:1220-8. https://doi.o
rg/10.2337/db20-0573.

Jones MR, Goodarzi MO. Genetic determinants of polycystic ovary syndrome:
progress and future directions. Fertil Steril. 2016;106:25-32. https://doi.org/10
.1016/jfertnstert.2016.04.040.

Ip W, Chiang Y-TA, Jin T. The involvement of the wnt signaling pathway and
TCF7L2 in diabetes mellitus: the current understanding, dispute, and per-
spective. Cell Biosci. 2012;2:28-28. https://doi.org/10.1186/2045-3701-2-28.
Biyasheva A, Legro RS, Dunaif A, Urbanek M. Evidence for association
between polycystic ovary syndrome (PCOS) and TCF7L2 and glucose
intolerance in women with PCOS and TCF7L2. J Clin Endocrinol Metab.
2009;94:2617-25. https://doi.org/10.1210/jc.2008-1664.

Khan MJ, Ullah A, Basit S. Genetic basis of polycystic ovary syndrome (PCOS):
current perspectives. Appl Clin Genet. 2019;12:249-60. https://doi.org/10.214
7/TACG.S200341.

Sanchez-Garrido MA, Tena-Sempere M. Metabolic dysfunction in polycystic
ovary syndrome: pathogenic role of androgen excess and potential thera-
peutic strategies. Mol Metabolism. 2020;35:100937. https://doi.org/10.1016/j.
molmet.2020.01.001.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 7 of 8

Grant SF, Thorleifsson G, Reynisdottir |, et al. Variant of transcription

factor 7-like 2 (TCF7L2) gene confers risk of type 2 diabetes. Nat Genet.
2006;38:320-3. https://doi.org/10.1038/ng1732.

Ding W, Xu L, Zhang L, et al. Meta-analysis of association between TCF7L2
polymorphism rs7903146 and type 2 diabetes mellitus. BMC Med Genet.
2018;19:38. https://doi.org/10.1186/512881-018-0553-5.

Ramos RB, Fabris VC, de Almeida Brondani L, Spritzer PM. Association
between rs7903146 and rs12255372 polymorphisms of transcription factor
7-like 2 gene and polycystic ovary syndrome: a systematic review and meta-
analysis. Endocrine. 2015;49:635-42. https://doi.org/10.1007/512020-015-054
1-X.

Shen W-J, LiT-R, Hu Y-J, Liu H-B, Song M. Relationships between TCF7L2
genetic polymorphisms and polycystic ovary syndrome risk: a meta-analysis.
Metab Syndr Relat Disord. 2014;12:210-9. https://doi.org/10.1089/met.2014.0
004.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
Annals of internal medicine. 2009, 151:264-269.

Barber TM, Bennett AJ, Groves CJ, et al. Disparate genetic influences on
polycystic ovary syndrome (PCOS) and type 2 diabetes revealed by a lack of
association between common variants within the TCF7L2 gene and PCOS.
Diabetologia. 2007;50:2318-22. https://doi.org/10.1007/500125-007-0804-z.
Christopoulos P, Mastorakos G, Gazouli M, et al. Genetic variants in TCF7L.2
and KCNJ11 genes in a Greek population with polycystic ovary syndrome.
Gynecol Endocrinol. 2008;24:486-90. https://doi.org/10.1080/095135908021
96379.

Xu P, CheY, Cao, et al. Polymorphisms of TCF7L2 and HHEX genes in Chinese
women with polycystic ovary syndrome. J Assist Reprod Genet. 2010;27:23-8.
https://doi.org/10.1007/510815-009-9377-8.

Kim JJ, Choi YM, Cho YM, et al. Polycystic ovary syndrome is not associ-

ated with polymorphisms of the TCF7L2, CDKALT, HHEX, KCNJ11, FTO and
SLC30A8 genes. Clin Endocrinol (Oxf). 2012;77:439-45. https://doi.org/10.111
1/].1365-2265.2012.04389.x.

Vceldk J, Vejrazkové D, Vankova M, et al. T2D risk haplotypes of the TCF7L2
gene in the Czech population sample: the association with free fatty acids
composition. Physiol Res. 2012;61:229-40. https://doi.org/10.33549/physiolre
$.932272.

Ramos RB, Wiltgen D, Spritzer PM. Polymorphisms of TCF7L2 gene in South
Brazilian women with polycystic ovary syndrome: a cross-sectional study. Eur
JEndocrinol. 2013;169:569-76. https://doi.org/10.1530/EJE-13-0105.
Ben-Salem A, Ajina M, Suissi M, Daher HS, Almawi WY, Mahjoub T. Polymor-
phisms of transcription factor-7-like 2 (TCF7L2) gene in Tunisian women with
polycystic ovary syndrome (PCOS). Gene. 2014;533:554-7. https://doi.org/10.
1016/j.9ene.2013.09.104.

Reddy BM, Kommoju UJ, Dasgupta S, Rayabarapu P. Association of type 2 dia-
betes mellitus genes in polycystic ovary syndrome aetiology among women
from southern India. Indian J Med Res. 2016;144:400-8. https://doi.org/10.41
03/0971-5916.198678.

Rashid R, Shah IA, Asrar MM, Godha M, Ganai BA, Ganie MA. Family history

of menstrual irregularity or diabetes mellitus enhances the susceptibility to
polycystic ovary syndrome among subjects harboring rs7903146 genetic
variant of TCF7L2. J Diabetes Metabolic Disorders. 2022;21:769-76. https://doi
.0rg/10.1007/540200-022-01050-y.

Rashid R, Shah 1A, Makhdoomi MJ, et al. Association of TCF7L2 gene variant
(rs12255372) with polycystic ovary syndrome and its Effect modification of
the Disease phenotype. Indian J Clin Biochem. 2023. https://doi.org/10.1007/
$12291-023-01115-6.

Cadigan KM. ML Waterman 2012 TCF/LEFs and wnt signaling in the nucleus.
Cold Spring Harb Perspect Biol 4 2007906 https://doi.org/10.1101/cshperspe
ct.a007906.

Nusse R, Clevers H. Wnt/B-catenin signaling, disease, and emerging thera-
peutic modalities. Cell. 2017;169:985-99. https://doi.org/10.1016/j.cell.2017.0
5.016.

Shu'L, Sauter NS, Schulthess FT, Matveyenko AV, Oberholzer J, Maedler K.
Transcription factor 7-like 2 regulates beta-cell survival and function in
human pancreatic islets. Diabetes. 2008;57:645-53. https://doi.org/10.2337/d
b07-0847.

Zhou'Y, Park S-Y, Su J, et al. TCF7L2 is a master regulator of insulin production
and processing. Hum Mol Genet. 2014;23:6419-31. https://doi.org/10.1093/h
mg/ddu359.


https://doi.org/10.1097/AOG.0000000000002698
https://doi.org/10.1097/AOG.0000000000002698
https://doi.org/10.1007/s00404-024-07607-x
https://doi.org/10.1007/s00404-024-07607-x
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1016/j.fertnstert.2008.06.035
https://doi.org/10.1093/humrep/deaa371
https://doi.org/10.1007/s43032-023-01447-x
https://doi.org/10.4239/wjd.v13.i1.5
https://doi.org/10.1016/j.xfss.2024.06.002
https://doi.org/10.1016/j.xfss.2024.06.002
https://doi.org/10.2337/db20-0573
https://doi.org/10.2337/db20-0573
https://doi.org/10.1016/j.fertnstert.2016.04.040
https://doi.org/10.1016/j.fertnstert.2016.04.040
https://doi.org/10.1186/2045-3701-2-28
https://doi.org/10.1210/jc.2008-1664
https://doi.org/10.2147/TACG.S200341
https://doi.org/10.2147/TACG.S200341
https://doi.org/10.1016/j.molmet.2020.01.001
https://doi.org/10.1016/j.molmet.2020.01.001
https://doi.org/10.1038/ng1732
https://doi.org/10.1186/s12881-018-0553-5
https://doi.org/10.1007/s12020-015-0541-x
https://doi.org/10.1007/s12020-015-0541-x
https://doi.org/10.1089/met.2014.0004
https://doi.org/10.1089/met.2014.0004
https://doi.org/10.1007/s00125-007-0804-z
https://doi.org/10.1080/09513590802196379
https://doi.org/10.1080/09513590802196379
https://doi.org/10.1007/s10815-009-9377-8
https://doi.org/10.1111/j.1365-2265.2012.04389.x
https://doi.org/10.1111/j.1365-2265.2012.04389.x
https://doi.org/10.33549/physiolres.932272
https://doi.org/10.33549/physiolres.932272
https://doi.org/10.1530/EJE-13-0105
https://doi.org/10.1016/j.gene.2013.09.104
https://doi.org/10.1016/j.gene.2013.09.104
https://doi.org/10.4103/0971-5916.198678
https://doi.org/10.4103/0971-5916.198678
https://doi.org/10.1007/s40200-022-01050-y
https://doi.org/10.1007/s40200-022-01050-y
https://doi.org/10.1007/s12291-023-01115-6
https://doi.org/10.1007/s12291-023-01115-6
https://doi.org/10.1101/cshperspect.a007906
https://doi.org/10.1101/cshperspect.a007906
https://doi.org/10.1016/j.cell.2017.05.016
https://doi.org/10.1016/j.cell.2017.05.016
https://doi.org/10.2337/db07-0847
https://doi.org/10.2337/db07-0847
https://doi.org/10.1093/hmg/ddu359
https://doi.org/10.1093/hmg/ddu359

Shah et al. Journal of Ovarian Research

34.

35.

36.

37.

38.

(2025) 18:2

Lyssenko V, Lupi R, Marchetti P, et al. Mechanisms by which common

variants in the TCF7L2 gene increase risk of type 2 diabetes. J Clin Invest.
2007;117:2155-63. https://doi.org/10.1172/JCI30706.

Grant SF. The TCF7L2 locus: a genetic window into the pathogenesis of type

1 and type 2 diabetes. Diabetes Care. 2019;42:1624-9. https://doi.org/10.2337
/dci19-0001.

Sudchada P, Scarpace K. Transcription factor 7-like 2 polymorphisms and
diabetic retinopathy: a systematic review. Genet Mol Res. 2014;13:5865-72.
https://doi.org/10.4238/2014.August.7.1.

Loos RJ, Franks PW, Francis RW, et al. TCF7L2 polymorphisms modulate
proinsulin levels and B-cell function in a British Europid population. Diabetes.
2007;56:1943-7. https://doi.org/10.2337/db07-0055.

Lou L, Wang J, Wang J. Genetic associations between transcription factor 7
like 2 57903146 polymorphism and type 2 diabetes mellitus: a meta-analysis
of 115,809 subjects. Diabetol Metab Syndr. 2019;11:1-7. https://doi.org/10.11
86/513098-019-0451-9.

39.

40.

41.

Page 8 of 8

Kaur S, Archer KJ, Devi MG, Kriplani A, Strauss JF Ill, Singh R. Differential gene
expression in granulosa cells from polycystic ovary syndrome patients with
and without insulin resistance: identification of susceptibility gene sets
through network analysis. J Clin Endocrinol Metabolism. 2012;97(E2016-
£2021). https://doi.org/10.1210/jc.2011-3441.

Liu P-H, Chang Y-C, Jiang Y-D, et al. Genetic variants of TCF7L2 are associated
with insulin resistance and related metabolic phenotypes in Taiwanese
adolescents and caucasian young adults. Oxford University Press; 2009.
Wang X, Wang K, Yan J, Wu M. A meta-analysis on associations of FTO, MTHFR
and TCF7L2 polymorphisms with polycystic ovary syndrome. Genomics.
2020;112:1516-21. https://doi.org/10.1016/j.ygen0.2019.08.023.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1172/JCI30706
https://doi.org/10.2337/dci19-0001
https://doi.org/10.2337/dci19-0001
https://doi.org/10.4238/2014.August.7.1
https://doi.org/10.2337/db07-0055
https://doi.org/10.1186/s13098-019-0451-9
https://doi.org/10.1186/s13098-019-0451-9
https://doi.org/10.1210/jc.2011-3441
https://doi.org/10.1016/j.ygeno.2019.08.023

	﻿Association of ﻿TCF7L2﻿ genetic variants rs12255372 and rs7903146 with the polycystic ovary syndrome risk: systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Search strategy
	﻿Inclusion and exclusion
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Identification and description of studies
	﻿Association of ﻿TCF7L2﻿ genetic variants rs12255372 and rs7903146 with PCOS
	﻿Publication bias and quality assessment of studies

	﻿Discussion
	﻿References


