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Abstract 

Polycystic ovary syndrome (PCOS) is one of the most common 

endocrine disorders in women of reproductive age, with a 

prevalence of 5-15% depending on the diagnostic criteria used. 

Clinically, the syndrome is characterized by hyperandrogenism 

and ovulatory dysfunction and is frequently accompanied by 

insulin resistance, obesity, and an increased risk of type 2 diabetes 

mellitus. Genealogical and twin studies indicate high heritability 

of PCOS (70-80%), which has stimulated active investigation of 

genetic factors. In recent years, genome-wide association studies 

(GWAS) have identified dozens of loci associated with PCOS risk, 

including DENND1A, LHCGR, FSHR, THADA, INSR, YAP1, 

GATA4, and *AMH/AMHR2*. The present review summarizes 

current data (2018-2025) on hereditary genetic variants in PCOS, 

analyzing their functional roles in the regulation of the 

gonadotropic axis, metabolic pathways, and steroidogenesis. We 

discuss how genetic variability contributes to the phenotypic 

heterogeneity of the syndrome – ranging from predominantly 

reproductive to pronounced metabolic forms. Along with common 

polymorphisms, rare variants associated with familial and atypical 

cases of PCOS are also reviewed. Finally, we evaluate the 

prospects for clinical application of the knowledge gained, 

including the development of polygenic risk scores and 

personalized treatment strategies, as well as discussing the 

limitations of current GWAS and controversies in the 

interpretation of their findings. 
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Introduction  

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine 

disorder affecting 5-15% of women of reproductive age, making it 

one of the most common gynecological conditions (Pereira-

Eshraghi & Vuguin, 2024; Dokras, 2025; Helvaci & Yildiz, 2025). 

The clinical presentation of PCOS involves three core components: 

chronic anovulation, signs of hyperandrogenism (hirsutism, acne, 

alopecia), and characteristic ultrasound findings – enlarged ovaries 

with multiple small antral follicles (Peña & Witchel, 2025; Su et 

al., 2025). Beyond these features, a wide range of metabolic 

abnormalities are frequently present, including insulin resistance, 

compensatory hyperinsulinemia, dyslipidemia, and a markedly 

increased risk of type 2 diabetes mellitus (Agrawal et al., 2023; 

Zhao et al., 2023; Zhang et al., 2025). 

The etiology of PCOS has remained incompletely understood for 

several decades. On one hand, well-recognized environmental 

triggers include excess body weight, physical inactivity, and 

dietary patterns. On the other hand, substantial evidence points to 

a significant role of heredity. As early as the end of the last century, 

data were published showing that 30-40% of mothers and sisters 

of PCOS patients exhibit endocrine abnormalities similar to those 

seen in the syndrome (Huddleston & Dokras, 2022; Zhao et al., 
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2026). Twin studies, particularly from the Dutch twin registry, 

have estimated the heritability of PCOS at approximately 70%, 

which is considerably higher than that of many other multifactorial 

disorders (Welt, 2021; Louwers et al., 2025). 

For a long time, the search for specific genetic markers of PCOS 

relied on the “candidate gene” approach. Investigators examined 

polymorphisms in genes involved in steroidogenesis (CYP11A, 

CYP17, CYP19), insulin metabolism (INSR, IRS1, IRS2), androgen 

action (AR, SRD5A2), and gonadotropin signaling (FSHR, 

LHCGR) (Azevedo et al., 2020; Alyousif et al., 2024; Chang et al., 

2024). Unfortunately, the results of these studies were often 

contradictory and, with few exceptions, could not be replicated in 

independent cohorts (Jamshidi et al., 2021; Zhou et al., 2021). 

A breakthrough came with the introduction of genome-wide 

association studies (GWAS).  In parallel, increasing research 

interest has also been directed toward plant-derived bioactive 

compounds and their potential modulatory effects on metabolic 

and endocrine pathways, although their role in complex disorders 

such as PCOS remains unclear (Hamad et al., 2018; Ahmed et al., 

2020). This method allows unbiased scanning of the entire genome 

for common variants that are statistically associated with a disease, 

without requiring prior hypotheses. The first GWAS of PCOS was 

performed in 2011 in a Chinese population (Islam et al., 2022). 

Even that initial study yielded unexpected results, pointing to loci 

that had not previously been considered in the context of PCOS 

(e.g., DENND1A). Subsequent GWAS, including those in 

European populations and large-scale meta-analyses, expanded the 

list of associated loci to several dozen, and in 2025 to 94 (Zhu & 

Goodarzi, 2022; Zhao et al., 2026). 

This review aims to summarize current knowledge on the genetic 

architecture of PCOS, describing the main genes and variants 

associated with the syndrome, their functional roles, and their 

implications for understanding pathogenesis. Special attention is 

given to comparing GWAS findings with the clinical heterogeneity 

of the syndrome and to analyzing discrepancies between results 

obtained in different population studies. 

General Characteristics of Genetic Loci Associated with PCOS 

To date, international consortia have reached a consensus on 

approximately 19-30 loci that are reliably associated with the risk 

of developing PCOS across different populations (Joo et al., 2020; 

Siddiqui et al., 2022; Dong & Rees, 2023). The largest study to 

date, published in 2025, increased this number to 94, of which 73 

were described for the first time (Zhao et al., 2025). The vast 

majority of identified variants have small effect sizes, with odds 

ratios typically ranging from 1.1 to 1.3 (Larsen et al., 2023; Samma 

et al., 2024). This pattern is typical of polygenic disorders, in 

which the phenotype arises from the cumulative action of many 

genetic “building blocks”, each contributing only modestly. 

An exception is rare variants (minor allele frequency <1%), which 

are poorly captured by GWAS by design. Such variants, identified 

in the DENND1A, AMH and AMHR2 genes through whole-genome 

sequencing, may have larger effects and can even underlie familial 

forms of PCOS (di Clemente et al., 2022; van der Ham et al., 

2024). 

All identified loci can be grouped into functional categories, 

helping to clarify which biological processes are most vulnerable 

in this syndrome. A summary diagram of the functional clustering 

of key genes is presented in Figure 1. 

 

 
Figure 1. Functional clustering of genes associated with PCOS 

 

Key Genes and Their Functional Groups 

Genes controlling the gonadotropic axis. Locus 2p16.3, which 

harbors the genes for the luteinizing hormone receptor (LHCGR) 

and the follicle-stimulating hormone receptor (FSHR), is among 

the most consistently replicated findings across different GWAS 

(Gao et al., 2025; Singh et al., 2025). The rs13405728 

polymorphism in LHCGR is associated with higher testosterone 

levels and ovulatory disturbances. Another important locus lies in 

the promoter region of the FSHB gene (11p14.1). The rs11031006 

variant is linked to reduced FSH levels and a relative increase in 

LH, thereby creating the characteristic LH/FSH ratio seen in PCOS 

(Kiewa et al., 2023; Kordes & Busch, 2026). Thus, genetic 

evidence now supports a long-recognized clinical phenomenon – 

the gonadotropin imbalance in PCOS. 
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Genes Involved In Metabolism and Insulin Sensitivity 

Locus 19p13.3, which contains the insulin receptor gene (INSR), 

has been consistently associated with PCOS across studies of 

different ethnic groups (Tenorio et al., 2020; Taskin & Eroğlu, 

2025). This finding is notable from a historical perspective: as 

early as the 1980s, severe forms of hyperandrogenism were linked 

to INSR mutations, and hyperinsulinemia was postulated to play a 

role in typical PCOS (Zhong et al., 2021; Saedi et al., 2025). 

GWAS have confirmed that even common polymorphisms of this 

gene contribute to the predisposition to insulin resistance. (Thazha 

et al., 2023; Al-Twaijri et al., 2024; Ansari et al., 2024; Feng et 

al., 2024; Jeung, 2024; Landry et al., 2024; Suchy & Jurkowski, 

2024). 

Another important locus is 2p21, where the THADA gene is 

located. Initially known for its role in thyroid adenomas, THADA 

was later found to participate in the regulation of energy 

metabolism and apoptosis (Tyrmi et al., 2022; Velmurugan et al., 

2024). Variants in THADA are also associated with the risk of type 

2 diabetes, indicating a shared genetic basis for the two conditions 

(Tian et al., 2020; Azumah et al., 2023). Similarly, polymorphisms 

in the HMGA2 gene (12q14.3), which influence adipogenesis, link 

PCOS to obesity (Jiao et al., 2018; Li et al., 2019). 

Genes Modulating Steroidogenesis and Ovarian Function 

The most striking and possibly most PCOS-specific gene is 

DENND1A (9q33.3). It encodes a protein involved in endosomal 

trafficking, yet it unexpectedly emerged as a key regulator of 

androgen production in theca cells (Gao et al., 2016; Wan et al., 

2021). In in vitro experiments, increased expression of DENND1A 

led to a marked enhancement of testosterone synthesis 

(Sudhakaran et al., 2023; Sankaranarayanan et al., 2025). 

More recently, the genes AMH and its receptor AMHR2 have 

attracted attention. Contrary to the classical view that anti-

Müllerian hormone (AMH) levels are elevated in PCOS, rare 

mutations that reduce AMH signaling pathway activity have been 

detected in 6-7% of patients (di Clemente et al., 2022; Moolhuijsen 

et al., 2022; van der Ham et al., 2024). Carriers of such variants 

typically have normal or even low AMH levels, which defines a 

distinct, non-classical variant of the syndrome (Piltonen et al., 

2023; Laven, 2025). Key genes associated with PCOS according 

to GWAS, along with their proposed biological functions and links 

to the phenotype, are summarized in Table 1. 

Table 1. Major genes/loci associated with PCOS (GWAS) and their proposed roles 

Gene/locus Biological pathway Pathogenetic effect in PCOS Phenotypic association 

LHCGR 

(2p16.3) 
LH/hCG receptor ↑ Theca cell sensitivity to LH → ↑ androgens Hyperandrogenism, anovulation 

FSHR (2p16.3) FSH receptor ↓ granulosa cell response to FSH 
Oligomenorrhea, poor follicular 

growth 

FSHB 

(11p14.1) 
FSH secretion (pituitary) Genetically driven ↓ FSH and relative ↑ LH ↑ LH/FSH ratio, anovulation 

DENND1A 

(9q33.3) 

Endosomal trafficking, theca 

cells 
↑ androgen production (key driver) 

Early/severe hyperandrogenism, 

family history 

THADA (2p21) 
Energy metabolism, 

thermogenesis 
Impaired metabolic adaptation 

Obesity, insulin resistance, 

dyslipidemia 

INSR 

(19p13.3) 
Insulin receptor Hereditary predisposition to insulin resistance 

Metabolic phenotype: IR, 

prediabetes 

HMGA2 

(12q14.3) 
Adipogenesis, cell growth ↑ propensity for adipose tissue accumulation Obesity / high BMI, exacerbated IR 

YAP1 

(11q22.1) 
Hippo pathway (proliferation) Disrupted follicular growth control 

Polycystic ovarian morphology, 

chronic anovulation 

GATA4 

(8q23.1) 

Transcription, gonadal 

development 
Subtle shifts in steroidogenesis 

Anovulation, variable 

hyperandrogenism 

*AMH / 

AMHR2* 

(19p13 / 

12q13) 

Folliculogenesis, AMH 

signaling 

Imbalance of CYP17 inhibition (common and 

rare variants) 

Altered follicular dynamics, 

anovulation 

ZBTB16 

(11q23.2) 
Transcription, differentiation Protective effect (OR ~0.8) Trend toward reduced PCOS risk 

 

Other Significant Loci 

In European populations, the association of PCOS with locus 

8q23.1 has been confirmed; this region contains the transcription 

factor GATA4, an important regulator of gonadal development and 

steroidogenesis (Wang et al., 2019; Dharani et al., 2025). Locus 

11q22.1 harbors the YAP1 gene, which participates in the Hippo 

signaling pathway that controls cell proliferation and organ size; 

its hyperactivation may promote the formation of multiple cystic 

follicles (Zhang et al., 2023; Xu et al., 2026). Also of interest is 

locus 11q23.2 with the ZBTB16 gene, which in some analyses has 

been associated with a reduced risk of PCOS (OR ~0.8), suggesting 

the existence of protective alleles (Yang et al., 2020; Tidwell et al., 

2024). 
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Rare Variants and Familial Forms of PCOS 

As noted earlier, GWAS are designed to detect common variants 

with small effect sizes. Identifying rare variants (MAF < 1%) 

requires different approaches, particularly exome or genome 

sequencing in families with multiple PCOS cases. Using such 

methods, it has been shown that rare mutations in DENND1A are 

found in approximately half of families where several women are 

affected by PCOS and may account for monogenic/oligogenic 

forms of the disease (Branavan et al., 2019; Crespo et al., 2022). 

Similarly, 6-7% of PCOS patients (not necessarily familial) carry 

rare variants in AMH and AMHR2 that disrupt the signaling 

pathway (di Clemente et al., 2022; Ke et al., 2025). 

These findings carry important conceptual implications: they 

demonstrate that a clinically similar PCOS phenotype can arise 

from different genetic mechanisms – ranging from the polygenic 

accumulation of many weak-effect variants to rare mutations with 

relatively large effects. The most extensively studied rare variants 

associated with familial and atypical forms of PCOS are 

summarized in Table 2. The interplay between different groups of 

genetic factors and their contribution to key pathogenetic pathways 

and phenotypic manifestations of PCOS is schematically 

illustrated in Figure 2. 

 

Table 2. Rare genetic variants with suspected monogenic/oligogenic effects in PCOS 

Gene Variant type 
Frequency in PCOS 

patients 
Functional effect Phenotypic association 

DENND1A 
Missense variants, 

splicing defects 

~1-2% (up to 50% in 

familial cases) 

↑ androgen synthesis in 

theca cells 

Severe hyperandrogenism, family 

history 

AMH 
Heterozygous rare 

variants 
~3-4% 

↓ AMH signaling, 

derepression of CYP17 

Anovulation without elevated 

AMH 

AMHR2 
Heterozygous rare 

variants 
~3-4% ↓ sensitivity to AMH Anovulation, variable AMH levels 

FSHR 
Rare variants (e.g., 

p.Ala189Val) 
<1% ↑ or ↓ sensitivity to FSH Impaired folliculogenesis 

LHCGR Rare activating variants <1% ↑ basal receptor activity 
Precocious puberty, 

hyperandrogenism 

 

 
Figure 2. Interaction of genetic factors and pathogenetic pathways in PCOS 

Results and Discussion 

The data presented in this review clearly indicate that PCOS is a 

polygenic disorder with a complex, multi-layered genetic 

architecture. There is broad consensus in the literature that no 

single gene or variant determines the development of the syndrome 

in the majority of patients. However, behind this consensus lie 

several unresolved issues and methodological limitations that 

deserve separate consideration. Instead, risk is shaped by the 

cumulative effect of many dozens, and likely hundreds, of alleles, 

each contributing a modest effect (Dapas et al., 2020; Asadi et al., 

2023; Zhang & Yu, 2024; Almotairi et al., 2025; Venkatesh et al., 

2025). This explains both the high heritability (approximately 

70%) and the inability to identify a single causal factor. 

Pathogenetic Interpretation of Genetic Findings  

Clustering of the identified loci allows delineation of three main 

biological nodes whose disruption underlies PCOS. 

First node – neuroendocrine dysregulation. Genetic variants in 

FSHB, FSHR, and LHCGR create a predisposition to increased 

gonadotropin-releasing hormone (GnRH) pulse frequency in the 

hypothalamus, leading to excessive LH secretion and relative FSH 

deficiency (McCartney et al., 2022; Wang et al., 2023; Yang & 

Chen, 2024; Moore, 2025). The clinical consequence is stimulation 

of androgen production in theca cells and impaired maturation of 

the dominant follicle. Some authors suggest that genotyping of 

these loci may eventually help predict response to ovulation 

induction, although this hypothesis requires validation (Siddamalla 

et al., 2020; Zhu et al., 2025). 
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Second node – metabolic disturbances. The genetic association of 

PCOS with INSR, THADA, and HMGA2 confirms the long-

standing clinical observation that the syndrome frequently coexists 

with obesity and insulin resistance (Rosenfield & Dumesic, 2016; 

Ali et al., 2022; Sánchez-Garrido et al., 2024). Depending on 

whether metabolic or neuroendocrine genetic variants predominate 

in an individual's risk profile, either reproductive or metabolic 

features may dominate. Thus, two extreme phenotypes have been 

described: "reproductive" (marked hyperandrogenism and 

anovulation in normal-weight women) and "metabolic" (moderate 

hyperandrogenism伴随 pronounced obesity, dyslipidemia, and 

prediabetes) (Witchel et al., 2019; Zeng et al., 2020; Sánchez-

Garrido & Tena-Sempere, 2020; Rashid et al., 2022). Between 

these poles lies a continuum of transitional forms. 

Third node – intraovarian mechanisms of hyperandrogenism. The 

discovery of DENND1A was a turning point in understanding that 

increased androgen production can be not only secondary (a 

consequence of elevated LH or hyperinsulinemia) but also primary 

and genetically determined. Functional studies have convincingly 

demonstrated that regulatory variants in DENND1A can directly 

enhance steroidogenesis in theca cells (Indran et al., 2016; Dapas 

et al., 2019; Rosenfield & Dumesic, 2025). Rare mutations in this 

gene, identified in familial cases, have considerably larger effects 

than common GWAS variants and may underlie oligogenic forms 

of PCOS (Topaloğlu, 2017; Afzal et al., 2021; Branavan et al., 

2021). Similarly, the detection of rare variants in *AMH/AMHR2* 

that reduce signaling pathway activity in 6-7% of patients 

unexpectedly showed that even such a classic marker as AMH is 

not universal across all PCOS cases (Castillo-Higuera et al., 2021; 

Komorowski et al., 2024; Choi et al., 2026). 

Limitations of Current Genetic Studies 

Despite undeniable progress, many questions remain open. The 

aggregate heritability of PCOS explained by identified common 

variants does not exceed 10% (Xue et al., 2015). This 

phenomenon, known as "missing heritability," is characteristic of 

most polygenic disorders. The most likely explanations include: 

(1) contributions from rare variants not captured by standard 

GWAS; (2) epigenetic mechanisms (methylation, histone 

modifications, non-coding RNAs); (3) gene-gene and gene-

environment interactions that cannot yet be adequately modeled 

(Rosenfield & Dumesic, 2016; Rosenfield & Ehrmann, 2016; 

Stener-Victorin & Deng, 2021). 

The epigenetic aspect deserves particular attention. Experimental 

models have shown that in utero androgen exposure induces lasting 

epigenetic changes in female offspring, predisposing them to a 

PCOS-like phenotype (Sagvekar et al., 2018; Bruni et al., 2022). 

Indirect human evidence also exists: daughters of women with 

PCOS have higher AMH levels and accelerated adrenarche (Burt 

Solorzano & McCartney, 2021). This opens perspectives for 

studying epigenetic markers as early predictors of the disease 

(Thazha et al., 2023; Bandi et al., 2024; Essah et al., 2024; Frost 

et al., 2024; Jeung, 2024; Landry et al., 2024; Uneno et al., 2024). 

One of the most intriguing contradictions remains the discrepancy 

between the high heritability of PCOS (70-80%) and the low 

fraction explained by GWAS (<10%). This gap, characteristic of 

other polygenic diseases as well, may, in the case of PCOS, point 

to a substantial role of rare variants, structural rearrangements, or 

non-linear gene-gene interactions that are not captured by standard 

methods. Some authors also suggest that the phenotypic criteria 

used (Rotterdam, NIH) may "dilute" genetic associations by 

combining etiologically distinct subgroups of patients (Simonyan 

et al., 2023; Tsiganock et al., 2023; Ku et al., 2023; Genc et al., 

2023; Delcea et al., 2024; Essah et al., 2024; Sanlier & Yasan, 

2024; Ribeiro et al., 2024; Uneno et al., 2024). 

Prospects for Clinical Application 

Currently, routine genetic testing is not recommended for the 

diagnosis or treatment of PCOS (Vishnubotla et al., 2020; 

Doulgeraki et al., 2023; Lai et al., 2024). Nevertheless, 

accumulated data provide a foundation for future developments. 

First, polygenic risk scores (PRS), which aggregate the effects of 

many alleles, are being actively investigated and could be used to 

identify girls at high genetic risk before disease manifestation (Zhu 

et al., 2022; Chen et al., 2024; Moolhuijsen et al., 2026). Second, 

identification of key genes (DENND1A, AMH, INSR) opens 

opportunities for discovering new therapeutic targets. In particular, 

a multicenter 2025 analysis employing gene-drug screening 

proposed several potential drugs for repurposing in PCOS (Zhao et 

al., 2023). However, there is broad agreement among authors that 

large prospective studies are needed before these approaches can 

be translated into clinical practice (Al Abadie et al., 2023; Guzek 

et al., 2023; Ncube et al., 2023; Oran & Azer, 2023; Szklener et 

al., 2023; Tam et al., 2023; Tsvetkova et al., 2023). 

Conclusion 

The analysis of current literature presented here allows us to state 

that over the past decade, the understanding of the genetic basis of 

polycystic ovary syndrome has undergone fundamental changes. 

From scattered and poorly reproducible candidate gene 

associations, the research community has moved toward 

recognizing PCOS as a polygenic disorder in which dozens, and 

likely hundreds, of genetic loci participate. Each of these loci 

individually contributes only modestly to risk, yet together they 

determine the high heritability of the syndrome and explain its 

clinical heterogeneity. 

A key outcome of genome-wide studies has been not merely the 

identification of specific genes, but the delineation of major 

pathogenetic nodes: neuroendocrine dysregulation (involving 

FSHB, FSHR, LHCGR), metabolic disturbances (INSR, THADA, 

HMGA2), and intraovarian mechanisms of hyperandrogenism 

(DENND1A, *AMH/AMHR2*). These nodes mustn't be isolated – 

their cross-interaction creates the very continuum of phenotypes 

observed in clinical practice, ranging from predominantly 

reproductive forms to pronounced metabolic variants of the 

syndrome. 

Alongside common polymorphisms, rare genetic variants are 

attracting increasing attention. Although they occur in only a small 

proportion of patients (5-10%), their study holds particular value 

because it enables the identification of monogenic and oligogenic 

subtypes of PCOS, including in women without classical risk 
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factors (obesity, insulin resistance). These rare variants offer the 

most direct routes to understanding causal relationships and to 

discovering new therapeutic targets. 

At the same time, even after large-scale multinational GWAS, a 

substantial portion of PCOS heritability remains unexplained. The 

contribution of rare variants, epigenetic modifications, gene-

environment interactions, and unaccounted types of genetic 

variation (e.g., structural variants) has yet to be evaluated. This 

does not diminish what has been achieved, but it sets a direction 

for future research. 

From a practical standpoint, current genetic data have not yet been 

translated into routine clinical tests or treatment algorithms. 

Nevertheless, they have already laid a foundation for the 

development of polygenic risk scores, personalized prediction, 

and, in the longer term, targeted therapy. With cautious optimism, 

one can assume that genetic information will eventually 

complement existing clinical tools for the prevention and treatment 

of PCOS; however, this will require further large-scale prospective 

studies integrating genomic, epigenomic, and clinical data. 

Acknowledgments: The authors would like to thank the 

librarians and information specialists at Rostov State Medical 

University (Rostov-on-Don, Russia) and The First St. Petersburg 

State Medical University named after Academician I. P. Pavlova 

(St. Petersburg, Russia) for their assistance with the literature 

search and access to full-text publications. 

Conflict of interest: None 

Financial support: None 

Ethics statement: As this work is a narrative literature review 

and does not report results from original human or animal studies, 

ethical approval was not sought or required. All referenced studies 

complied with the ethical standards of their institutional review 

boards and the Declaration of Helsinki. 

References 

Afzal, T., Raja, G. K., Afzal, M., Ahmad, S., Sultana, N., & 

Kalsoom, U. E. (2021). Genetic association study of ERBB4 

SNP rs1351592 with polycystic ovary syndrome in the 

Pakistani population. Journal of the Pakistan Medical 

Association, 71(1B), 332–335. doi:10.47391/JPMA.1026 

Agrawal, A., Dave, A., & Jaiswal, A. (2023). Type 2 diabetes 

mellitus in patients with polycystic ovary syndrome. 

Cureus, 15(10), e46859. doi:10.7759/cureus.46859  

Ahmed, O. H., Kadheem, E. J., & Noman, S. K. (2020). The 

antihyperglycemic effect of N-butanol leaves extracts of 

Iraqi Fumaria parviflora on alloxan-prompt diabetic rats. 

Systematic Reviews in Pharmacy, 11(11), 757–761. 

doi:10.31838/srp.2020.11.108 

Al Abadie, M., Sharara, Z., Ball, P. A., & Morrissey, H. (2023). 

Pharmacological insights into Janus kinase inhibition for the 

treatment of autoimmune skin diseases: A literature review. 

Annals of Pharmacy Practice and Pharmacotherapy, 3, 1–

8. doi:10.51847/lhABjfuIwh  

Ali, A. T., Al-Ani, O., Al-Ani, F., & Guidozzi, F. (2022). 

Polycystic ovary syndrome and metabolic disorders: A 

review of the literature. African Journal of Reproductive 

Health, 26(8), 89–99. doi:10.29063/ajrh2022/v26i8.9 

Almotairi, R., Mir, R., Almasoudi, K. S., Husain, E., & Mtiraoui, 

N. (2025). Evaluating the impact of rs4025935, rs71748309, 

rs699947, and rs4646994 genetic determinants on 

polycystic ovary syndrome predisposition: A case-control 

study. Life, 15(4), 558. doi:10.3390/life15040558 

Al-Twaijri, S. A., AlKharboush, G. H., Alohali, M. A., Arab, I. F., 

Alqarni, R. H., & Alharbi, M. S. (2024). Application of 

lasers for soft tissues in orthodontic treatment: A narrative 

review. Bulletin of Pioneer Research in Medical and 

Clinical Sciences, 4(1), 1–6. doi:10.51847/OfwnmXu8c3  

Alyousif, S. S. H., Ozbakir, B., Ozay, A. C., & Tulay, P. (2024). 

The association of CYP11A1 gene polymorphisms with 

polycystic ovary syndrome patients. Revista da Associação 

Médica Brasileira, 70(7), e20231293. doi:10.1590/1806-

9282.20231293  

Ansari, S. H., Qamar, Z., Alshammari, M., Bazoun, R., Alenazi, 

R., & Alattar, R. (2024). Clinical efficacy and longevity of 

monolithic vs layered zirconia crowns: A systematic review. 

Bulletin of Pioneer Research in Medical and Clinical 

Sciences, 4(1), 7–18. doi:10.51847/0xBNKCjrDi  

Asadi, M., Nickhah Klashami, Z., Panahi, N., Oheb, Y., 

Khorasani, S., & Amoli, M. M. (2023). ACE I/D gene 

polymorphisms and polycystic ovary syndrome 

manifestations. Journal of Diabetes & Metabolic Disorders, 

23(1), 681–688. doi:10.1007/s40200-023-01335-w 

Azevedo, M. M. P., Marqui, A. B. T., Bacalá, B. T., Balarin, M. 

A. S., Resende, E. A. M. R., Lima, M. F. P., Gomes, M. K. 

O., & Cintra, M. T. R. (2020). Polymorphisms of the GSTT1 

and GSTM1 genes in polycystic ovary syndrome. Revista 

da Associação Médica Brasileira, 66(11), 1560–1565. 

doi:10.1590/1806-9282.66.11.1560  

Azumah, R., Hummitzsch, K., Anderson, R. A., & Rodgers, R. J. 

(2023). Genes in loci genetically associated with polycystic 

ovary syndrome are dynamically expressed in human fetal 

gonadal, metabolic, and brain tissues. Frontiers in 

Endocrinology, 14, 1149473. 

doi:10.3389/fendo.2023.1149473 

Bandi, V., Dey, S. K., & Rao, O. (2024). Factors influencing the 

physician prescribing behaviour of medicines in developed 

and developing countries: A systematic review. Journal of 

Integrated Nursing and Palliative Care, 5(1), 21–34. 

doi:10.51847/ZS3boQgksO  

Branavan, U., Muneeswaran, K., Wijesundera, S., 

Chandrasekharan, N. V., & Wijeyaratne, C. (2021). 

Genotyping Sri Lankan women with polycystic ovary 

syndrome (PCOS): Towards a novel screening tool. Ceylon 

Medical Journal, 66(3), 129–137. 

doi:10.4038/cmj.v66i3.9491 

Branavan, U., Muneeswaran, K., Wijesundera, W. S. S., 

Senanayake, A., Chandrasekharan, N. V., & Wijeyaratne, C. 

N. (2019). Association of Kiss1 and GPR54 gene 

polymorphisms with polycystic ovary syndrome among Sri 

Lankan women. BioMed Research International, 2019, 

6235680. doi:10.1155/2019/6235680 

https://doi.org/10.47391/JPMA.1026
https://doi.org/10.51847/lhABjfuIwh
https://doi.org/10.29063/ajrh2022/v26i8.9
https://doi.org/10.3390/life15040558
https://doi.org/10.51847/OfwnmXu8c3
https://doi.org/10.51847/0xBNKCjrDi
https://doi.org/10.1007/s40200-023-01335-w
https://doi.org/10.1590/1806-9282.66.11.1560
https://doi.org/10.3389/fendo.2023.1149473
https://doi.org/10.51847/ZS3boQgksO
https://doi.org/10.4038/cmj.v66i3.9491
https://doi.org/10.1155/2019/6235680


J Biochem Technol (2026) 17(2): 144-155                                                                                                                                                  150 
 

 

Bruni, V., Capozzi, A., & Lello, S. (2022). The role of genetics, 

epigenetics and lifestyle in polycystic ovary syndrome 

development: The state of the art. Reproductive Sciences, 

29(3), 668–679. doi:10.1007/s43032-021-00515-4 

Burt Solorzano, C. M., & McCartney, C. R. (2021). Polycystic 

ovary syndrome: Ontogeny in adolescence. Endocrinology 

and Metabolism Clinics of North America, 50(1), 25–42. 

doi:10.1016/j.ecl.2020.10.003 

Castillo-Higuera, T., Alarcón-Granados, M. C., Marin-Suarez, J., 

Moreno-Ortiz, H., Esteban-Pérez, C. I., Ferrebuz-Cardozo, 

A. J., Forero-Castro, M., & Camargo-Vill Alba, G. (2021). 

A comprehensive overview of common polymorphic 

variants in genes related to polycystic ovary syndrome. 

Reproductive Sciences, 28(9), 2399–2412. 

doi:10.1007/s43032-020-00375-4 

Chang, K. J., Chen, J. H., & Chen, K. H. (2024). The 

pathophysiological mechanism and clinical treatment of 

polycystic ovary syndrome: A molecular and cellular review 

of the literature. International Journal of Molecular 

Sciences, 25(16), 9037. doi:10.3390/ijms25169037  

Chen, C. Y., Cheng, C. F., Chen, P. C., Wu, C. S., Lin, M. C., Su, 

M. H., Chang, C. Y., Pan, Y. J., Huang, Y. T., Fan, C. C., et 

al. (2024). Familial coaggregation and shared genetic 

influence between major depressive disorder and 

gynecological diseases. European Journal of Epidemiology, 

39(10), 1161–1170. doi:10.1007/s10654-024-01166-w 

Choi, Y., Kwon, S., So, S., Jeon, Y. D., Kim, D. Y., & Kim, M. H. 

(2026). Network pharmacology and in vivo validation 

reveal therapeutic effects of Sutaehwan in polycystic ovary 

syndrome by modulating AMH-AMHR2 signaling 

pathway. Reproductive Sciences, 33(1), 181–192. 

doi:10.1007/s43032-025-02027-x 

Constantin, V. D., Silaghi, A., Epistatu, D., Dumitriu, A. S., 

Paunica, S., Bălan, D. G., & Socea, B. (2022). Diagnostic 

and Therapeutic Insights into Colorectal 

Carcinoma. Archive of International Journal of Cancer and 

Allied Science, 2(1), 24-28. doi:10.51847/HojLmKBDvP 

Crespo, R. P., Rocha, T. P., Montenegro, L. R., Nishi, M. Y., 

Jorge, A. A. L., Maciel, G. A. R., Baracat, E., Latronico, A. 

C., Mendonca, B. B., & Gomes, L. G. (2022). High-

throughput sequencing to identify monogenic etiologies in a 

preselected polycystic ovary syndrome cohort. Journal of 

the Endocrine Society, 6(9), bvac106. 

doi:10.1210/jendso/bvac106 

Dapas, M., Lin, F. T. J., Nadkarni, G. N., Sisk, R., Legro, R. S., 

Urbanek, M., Hayes, M. G., & Dunaif, A. (2020). Distinct 

subtypes of polycystic ovary syndrome with novel genetic 

associations: An unsupervised, phenotypic clustering 

analysis. PLoS Medicine, 17(6), e1003132. 

doi:10.1371/journal.pmed.1003132 

Dapas, M., Sisk, R., Legro, R. S., Urbanek, M., Dunaif, A., & 

Hayes, M. G. (2019). Family-based quantitative trait meta-

analysis implicates rare noncoding variants in DENND1A 

in polycystic ovary syndrome. Journal of Clinical 

Endocrinology & Metabolism, 104(9), 3835–3850. 

doi:10.1210/jc.2018-02496 

Delcea, C., Gyorgy, M., Siserman, C., & Popa-Nedelcu, R. (2024). 

Impact of maladaptive cognitive schemas on suicidal 

behavior in adolescents during the COVID-19 pandemic: A 

predictive study. International Journal of Social Psychology 

Aspects of Healthcare, 4, 42–46. 

doi:10.51847/EHCf9HzLEP  

Dharani, V., Nishu, S., & Hariprasath, L. (2025). PCOS and 

genetics: Exploring the heterogeneous role of potential 

genes in ovarian dysfunction, a hallmark of PCOS—A 

review. Reproductive Biology, 25(2), 101017. 

doi:10.1016/j.repbio.2025.101017 

di Clemente, N., Racine, C., & Rey, R. A. (2022). Anti-Müllerian 

hormone and polycystic ovary syndrome in women and its 

male equivalent. Biomedicines, 10(10), 2506. 

doi:10.3390/biomedicines10102506 

Dokras, A. (2025). Polycystic ovary syndrome in 2025: Insights 

and innovations. Fertility and Sterility, 124(5 Pt 2), 907–

909. doi:10.1016/j.fertnstert.2025.09.025  

Dong, J., & Rees, D. A. (2023). Polycystic ovary syndrome: 

Pathophysiology and therapeutic opportunities. BMJ 

Medicine, 2(1), e000548. doi:10.1136/bmjmed-2023-

000548  

Doulgeraki, T., Papageorgopoulou, M., & Iliodromiti, S. (2023). 

The genetic background of female reproductive disorders: 

A systematic review. Current Opinion in Obstetrics and 

Gynecology, 35(5), 426–433. 

doi:10.1097/GCO.0000000000000896 

Essah, A., Igboemeka, C., & Hailemeskel, B. (2024). Exploring 

gabapentin as a treatment for pruritus: A survey of student 

perspectives. Annals of Pharmacy Education, Safety, Public 

Health and Advocacy, 4, 1–6. doi:10.51847/h8xgEJE3NE  

Feng, P., Lin, Z., Tan, X., & Yang, J. (2024). The physical exercise 

application in frailty and its underlying mechanisms. 

Bulletin of Pioneer Research in Medical and Clinical 

Sciences, 4(1), 37–45. doi:10.51847/AtQjEvBH7v  

Frost, N., Deckert, P. M., Nolte, C. H., Kohl, R., & Schreiber, S. 

J. (2024). Challenges and strategies in recruiting patients for 

a trial on patient-centered navigation in age-associated 

diseases. Annals of Pharmacy Education, Safety, Public 

Health and Advocacy, 4, 50–62. 

doi:10.51847/BLHlqwfTFT  

Gao, J., Xue, J. D., Li, Z. C., Zhou, L., & Chen, C. (2016). The 

association of DENND1A gene polymorphisms and 

polycystic ovary syndrome risk: A systematic review and 

meta-analysis. Archives of Gynecology and Obstetrics, 

294(5), 1073–1080. doi:10.1007/s00404-016-4159-x 

Gao, X., Zhao, S., Du, Y., Yang, Z., Tian, Y., Zhao, J., Yuan, X., 

Santos, B. R., Wei, D., Cui, L., et al. (2025). Data-driven 

subtypes of polycystic ovary syndrome and their association 

with clinical outcomes. Nature Medicine, 31(12), 4214–

4224. doi:10.1038/s41591-025-03984-1 

Genc, A., Isler, S. C., Oge, A. E., & Matur, Z. (2023). Impact of 

sagittal split osteotomy combined with Medpor® porous 

polyethylene implant on masticatory reflex. Journal of 

Current Research in Oral Surgery, 3, 6–11. 

doi:10.51847/7zuNKnpxhB  

Guzek, K., Stelmach, A., Rożnowska, A., Najbar, I., Cichocki, Ł., 

& Sadakierska-Chudy, A. (2023). A preliminary 

investigation of genetic variants linked to aripiprazole-

induced adverse effects. Annals of Pharmacy Practice and 

https://doi.org/10.1007/s43032-021-00515-4
https://doi.org/10.1016/j.ecl.2020.10.003
https://doi.org/10.1007/s43032-020-00375-4
https://doi.org/10.3390/ijms25169037
https://doi.org/10.1007/s10654-024-01166-w
https://doi.org/10.1007/s43032-025-02027-x
https://doi.org/10.51847/HojLmKBDvP
https://doi.org/10.1210/jendso/bvac106
https://doi.org/10.1371/journal.pmed.1003132
https://doi.org/10.1210/jc.2018-02496
https://doi.org/10.51847/EHCf9HzLEP
https://doi.org/10.1016/j.repbio.2025.101017
https://doi.org/10.3390/biomedicines10102506
https://doi.org/10.1136/bmjmed-2023-000548
https://doi.org/10.1136/bmjmed-2023-000548
https://doi.org/10.1097/GCO.0000000000000896
https://doi.org/10.51847/h8xgEJE3NE
https://doi.org/10.51847/AtQjEvBH7v
https://doi.org/10.51847/BLHlqwfTFT
https://doi.org/10.1007/s00404-016-4159-x
https://doi.org/10.1038/s41591-025-03984-1
https://doi.org/10.51847/7zuNKnpxhB


151                                                                                                                                                  J Biochem Technol (2026) 17(2): 144-155 
 

 

Pharmacotherapy, 3, 40–47. doi:10.51847/ZT28xcs95J  

Hamad, M., Jaafar, N., Ahmed, O. H., & Abd, M. (2018). GC/MS 

analysis of terpenes of Boswellia serrata resin found in Iraq. 

Journal of Global Pharma Technology, 10, 290–294.  

Helvaci, N., & Yildiz, B. O. (2025). Polycystic ovary syndrome as 

a metabolic disease. Nature Reviews Endocrinology, 21(4), 

230–244. doi:10.1038/s41574-024-01057-w  

Huddleston, H. G., & Dokras, A. (2022). Diagnosis and treatment 

of polycystic ovary syndrome. JAMA, 327(3), 274–275. 

doi:10.1001/jama.2021.23769  

Indran, I. R., Lee, B. H., & Yong, E. L. (2016). Cellular and animal 

studies: Insights into pathophysiology and therapy of PCOS. 

Best Practice & Research Clinical Obstetrics & 

Gynaecology, 37, 12–24. 

doi:10.1016/j.bpobgyn.2016.03.006 

Islam, H., Masud, J., Islam, Y. N., & Haque, F. K. M. (2022). An 

update on polycystic ovary syndrome: A review of the 

current state of knowledge in diagnosis, genetic etiology, 

and emerging treatment options. Women's Health, 18, 

17455057221117966. doi:10.1177/17455057221117966  

Jamshidi, M., Mohammadi Pour, S., Bahadoram, M., 

Mahmoudian-Sani, M. R., & Saeedi Boroujeni, A. (2021). 

Genetic polymorphisms associated with polycystic ovary 

syndrome among Iranian women. International Journal of 

Gynecology & Obstetrics, 153(1), 33–44. 

doi:10.1002/ijgo.13534  

Jeung, Y. Y. (2024). Studying the effect of positive thinking 

training on fear of childbirth and health anxiety in pregnant 

women. Journal of Integrated Nursing and Palliative Care, 

5(1), 55–61. doi:10.51847/XEoAEL5hmj  

Jiao, X., Chen, W., Zhang, J., Wang, W., Song, J., Chen, D., Zhu, 

W., Shi, Y., & Yu, X. (2018). Variant alleles of the ESR1, 

PPARG, HMGA2, and MTHFR genes are associated with 

polycystic ovary syndrome risk in a Chinese population: A 

case-control study. Frontiers in Endocrinology, 9, 504. 

doi:10.3389/fendo.2018.00504 

Joo, Y. Y., Actkins, K., Pacheco, J. A., Basile, A. O., Carroll, R., 

Crosslin, D. R., Day, F., Denny, J. C., Velez Edwards, D. 

R., Hakonarson, H., et al. (2020). A polygenic and 

phenotypic risk prediction for polycystic ovary syndrome 

evaluated by phenome-wide association studies. Journal of 

Clinical Endocrinology & Metabolism, 105(6), 1918–1936. 

doi:10.1210/clinem/dgz326  

Kajanova, J., & Badrov, A. (2024). Medical students’ perspectives 

on trust in medical AI: A quantitative comparative study. 

Asian Journal of Ethics in Health and Medicine, 4, 44–57. 

doi:10.51847/36mpdZ9AZ8  

Ke, Y., Tang, D., Yang, Q., Zhao, H., Zheng, J., & Zhu, C. (2025). 

Anti-Müllerian hormone in PCOS: Molecular regulation 

and emerging therapeutic strategies. Biomolecules and 

Biomedicine, 26(2), 173–185. doi:10.17305/bb.2025.12070 

Kiewa, J., Mortlock, S., Meltzer-Brody, S., Middeldorp, C., Wray, 

N. R., & Byrne, E. M. (2023). A common genetic factor 

underlies genetic risk for gynaecological and reproductive 

disorders and is correlated with risk of depression. 

Neuroendocrinology, 113(10), 1059–1075. 

doi:10.1159/000533413 

Komorowski, A. S., Hughes, L., Sarkar, P., Aaby, D. A., Kumar, 

A., Kalra, B., Legro, R. S., & Boots, C. E. (2024). 

Antimüllerian hormone level predicts ovulation in women 

with polycystic ovary syndrome treated with clomiphene 

and metformin. Fertility and Sterility, 121(4), 660–668. 

doi:10.1016/j.fertnstert.2023.12.031 

Kordes, G. P., & Busch, A. S. (2026). Genetic epistasis in FSH 

action influences female reproductive lifespan. 

Reproduction, 171(2), xaag008. 

doi:10.1093/reprod/xaag008 

Ku, J. K., Um, I. W., Jun, M. K., & Kim, I. H. (2023). Clinical 

management of external apical root resorption using 

amniotic membrane matrix and Bio-Dentine. Journal of 

Current Research in Oral Surgery, 3, 1–5. 

doi:10.51847/lOSwt6Qzpv  

Lai, W., Wu, Y., Sha, L., Lai, Q., Yang, X., Ai, F., Zhang, Q., Bu, 

F., He, S., Zhu, X., et al. (2024). Identifying genetic factors 

of polycystic ovary syndrome in women with epilepsy: A 

whole-genome sequencing study. Neuroendocrinology, 

114(3), 223–233. doi:10.1159/000534531 

Landry, M., Spinella, M., Kumaran, K., Levesque, V., & 

Tyebkhan, J. M. (2024). Studying the effectiveness of 

mindfulness intervention on the stress of mothers with 

premature infants. Journal of Integrated Nursing and 

Palliative Care, 5(1), 48–54. doi:10.51847/YRsdPlmIDO  

Larsen, C. B., Kudela, E., & Biringer, K. (2023). Association of 

FSHR and DENND1A polymorphisms with polycystic 

ovary syndrome: A meta-analysis. JBRA Assisted 

Reproduction, 27(1), 60–70. doi:10.5935/1518-

0557.20220043  

Laven, J. (2025). Polycystic ovary syndrome: Antimüllerian 

hormone and its role in the pathophysiology of the 

syndrome. Fertility and Sterility, 124(5 Pt 2), 910–918. 

doi:10.1016/j.fertnstert.2025.08.023 

Lee, M. J., & Ferreira, J. (2024). COVID-19 and children as an 

afterthought: Establishing an ethical framework for 

pandemic policy that includes children. Asian Journal of 

Ethics in Health and Medicine, 4, 1–19. 

doi:10.51847/haLKYCQorD  

Lee, S., Kim, J., & Byun, G. (2023). The interplay of political skill, 

ethical leadership, and leader-member exchange in shaping 

work outcomes. Annals of Organizational Culture, 

Leadership and External Engagement Journal, 4, 45–53. 

doi:10.51847/vAKE892Paf  

Li, J., Qiao, J., Li, Y., Qin, G., Xu, Y., Lao, K., Wang, Y., Fan, Y., 

Tang, P., & Han, L. (2025). Metabolic disorders in 

polycystic ovary syndrome: From gut microbiota 

biodiversity to clinical intervention. Frontiers in 

Endocrinology, 16, 1526468. 

doi:10.3389/fendo.2025.1526468 

Li, M., Zhao, H., Zhao, S.-G., Wei, D.-M., Zhao, Y.-R., Huang, 

T., Muhammad, T., Yan, L., Gao, F., Li, L., et al. (2019). 

The HMGA2-IMP2 pathway promotes granulosa cell 

proliferation in polycystic ovary syndrome. The Journal of 

Clinical Endocrinology & Metabolism, 104(4), 1049–1059. 

doi:10.1210/jc.2018-00544 

Louwers, Y. V., Visser, J. A., Dunaif, A., & Laven, J. S. E. (2025). 

Polycystic ovary syndrome: Origins and implications: 

Genetics of polycystic ovary syndrome (PCOS). 

https://doi.org/10.51847/ZT28xcs95J
https://doi.org/10.1016/j.bpobgyn.2016.03.006
https://doi.org/10.51847/XEoAEL5hmj
https://doi.org/10.3389/fendo.2018.00504
https://doi.org/10.51847/36mpdZ9AZ8
https://doi.org/10.17305/bb.2025.12070
https://doi.org/10.1159/000533413
https://doi.org/10.1016/j.fertnstert.2023.12.031
https://doi.org/10.1093/reprod/xaag008
https://doi.org/10.51847/lOSwt6Qzpv
https://doi.org/10.1159/000534531
https://doi.org/10.51847/YRsdPlmIDO
https://doi.org/10.1016/j.fertnstert.2025.08.023
https://doi.org/10.51847/haLKYCQorD
https://doi.org/10.51847/vAKE892Paf
https://doi.org/10.3389/fendo.2025.1526468
https://doi.org/10.1210/jc.2018-00544


J Biochem Technol (2026) 17(2): 144-155                                                                                                                                                  152 
 

 

Reproduction, 170(5), e250126. doi:10.1530/REP-25-0126  

McCartney, C. R., Campbell, R. E., Marshall, J. C., & Moenter, S. 

M. (2022). The role of gonadotropin-releasing hormone 

neurons in polycystic ovary syndrome. Journal of 

Neuroendocrinology, 34(5), e13093. doi:10.1111/jne.13093 

Mimouni, N. E. H., Paiva, I., Barbotin, A. L., Timzoura, F. E., 

Plassard, D., Le Gras, S., Ternier, G., Pigny, P., Catteau-

Jonard, S., Simon, V., et al. (2021). Polycystic ovary 

syndrome is transmitted via a transgenerational epigenetic 

process. Cell Metabolism, 33(3), 513–530.e8. 

doi:10.1016/j.cmet.2021.01.004 

 Mojsak, D., Dębczyński, M., Kuklińska, B., & Mróz, R. M. 

(2022). Ewing’s sarcoma in a 58-year-old man: Challenges 

of cancer diagnosis during the COVID-19 era. Archives of 

International Journal of Cancer and Allied Sciences, 2(1), 

37–41. doi:10.51847/J1EMRn8tE2  

Moolhuijsen, L. M. E., Louwers, Y. V., McLuskey, A., Broer, L., 

Uitterlinden, A. G., Verdiesen, R. M. G., Sisk, R. K., 

Dunaif, A., Laven, J. S. E., & Visser, J. A. (2022). 

Association between an AMH promoter polymorphism and 

serum AMH levels in PCOS patients. Human Reproduction, 

37(7), 1544–1556. doi:10.1093/humrep/deac082 

Moolhuijsen, L. M. E., Zhu, J., Mullin, B. H., Pujol-Gualdo, N., 

Actkins, K. V., Mack, J. A., Rao, H., Trivedi, B., Kentistou, 

K. A., Zhao, Y., et al. (2026). Genomic analyses implicate 

hormonal and metabolic dysregulation in polycystic ovary 

syndrome. Nature Genetics, 58(5), 1040–1050. 

doi:10.1038/s41588-026-02543-9 

Moore, A. M. (2025). Neuroendocrine mechanisms responsible for 

elevated gonadotrophin-releasing hormone and luteinising 

hormone pulses in polycystic ovary syndrome. Journal of 

Neuroendocrinology, 37(8), e70028. doi:10.1111/jne.70028 

Ncube, M., Sibanda, M., & Matenda, F. R. (2023). The influence 

of AI and the pandemic on BRICS nations: South Africa’s 

economic performance during crisis. Annals of 

Organizational Culture, Leadership and External 

Engagement Journal, 4, 17–24. 

doi:10.51847/lrMvYTE3OF  

Oran, I. B., & Azer, O. A. (2023). The evolution of Turkey’s role 

in international development: A globalization perspective. 

Annals of Organizational Culture, Leadership and External 

Engagement Journal, 4, 1–8. doi:10.51847/oNOPb4T9g1  

Oran, I. B., & Azer, O. A. (2023). The evolution of Turkey’s role 

in international development: A globalization perspective. 

Annals of Organizational Culture, Leadership and External 

Engagement Journal, 4, 1–8. doi:10.51847/oNOPb4T9g1  

Peña, A. S., & Witchel, S. F. (2025). Update on diagnosis of 

polycystic ovary syndrome during adolescence. Fertility 

and Sterility, 124(5 Pt 2), 956–961. 

doi:10.1016/j.fertnstert.2025.09.006  

Pereira-Eshraghi, C. F., & Vuguin, P. P. (2024). Polycystic ovary 

syndrome. Pediatrics in Review, 45(6), 363–365. 

doi:10.1542/pir.2023-006036  

Piltonen, T. T., Komsi, E., Morin-Papunen, L. C., Korhonen, E., 

Franks, S., Järvelin, M. R., Arffman, R. K., & Ollila, M. M. 

(2023). AMH as part of the diagnostic PCOS workup in 

large epidemiological studies. European Journal of 

Endocrinology, 188(6), 547–554. 

doi:10.1093/ejendo/lvad065 

Rashid, R., Mir, S. A., Kareem, O., Ali, T., Ara, R., Malik, A., 

Amin, F., & Bader, G. N. (2022). Polycystic ovarian 

syndrome-current pharmacotherapy and clinical 

implications. Taiwanese Journal of Obstetrics and 

Gynecology, 61(1), 40–50. doi:10.1016/j.tjog.2021.11.009 

Ribeiro, A., Martins, S., & Fonseca, T. (2024). Progress and gaps 

in national medicines policy implementation in SADC 

member states: A comprehensive desktop review. 

Interdisciplinary Research in Medical Sciences Specialties, 

4(1), 42–56. doi:10.51847/0eVBxAI8y0  

Rosellini, E., Giordano, C., Guidi, L., & Cascone, M. G. (2024). 

Creation of a novel surgical suture material designed to 

inhibit arterial thrombosis formation. Journal of Medical 

Science Interdisciplinary Research, 4(1), 1–7. 

doi:10.51847/7denx72XdE  

Rosenfield, R. L., & Dumesic, D. A. (2025). On the intimate 

relationship of adiposity to polycystic ovary syndrome. 

Journal of Clinical Endocrinology & Metabolism, 111(1), 

11–23. doi:10.1210/clinem/dgaf527 

Rosenfield, R. L., & Ehrmann, D. A. (2016). The pathogenesis of 

polycystic ovary syndrome (PCOS): The hypothesis of 

PCOS as functional ovarian hyperandrogenism revisited. 

Endocrine Reviews, 37(5), 467–520. doi:10.1210/er.2015-

1104 

Rudnicka, E., Kunicki, M., Calik-Ksepka, A., Suchta, K., 

Duszewska, A., Smolarczyk, K., & Smolarczyk, R. (2021). 

Anti-Müllerian hormone in pathogenesis, diagnostic and 

treatment of PCOS. International Journal of Molecular 

Sciences, 22(22), 12507. doi:10.3390/ijms222212507 

Saedi, A., Zarei, S., Vatanparast, M., Hajizadeh, M. R., 

Hosseiniara, R., Esmaeili, O. S., Mohammad-Sadeghipour, 

M., Mirzaei, Z., & Mahmoodi, M. (2025). Therapeutic 

effects of stevia aqueous extract alone or in combination 

with metformin in induced polycystic ovary syndrome rats: 

Gene expression, hormonal balance, and metabolomics 

aspects. Annales Pharmaceutiques Françaises, 83(2), 297–

310. doi:10.1016/j.pharma.2024.08.008 

Sagvekar, P., Dadachanji, R., Patil, K., & Mukherjee, S. (2018). 

Pathomechanisms of polycystic ovary syndrome: 

Multidimensional approaches. Frontiers in Bioscience 

(Elite Edition), 10(3), 384–422. doi:10.2741/e829 

Samma, Z. H., Khan, H. N., Riffat, S., Ashraf, M., & Rehman, R. 

(2024). Unraveling the genetic associations of DENND1A 

(rs9696009) and ERBB4 (rs2178575) with infertile 

polycystic ovary syndrome females in Pakistan. 

Biochemical Genetics, 62(3), 2148–2165. 

doi:10.1007/s10528-023-10537-z  

Sanchez-Garrido, M. A., & Tena-Sempere, M. (2020). Metabolic 

dysfunction in polycystic ovary syndrome: Pathogenic role 

of androgen excess and potential therapeutic strategies. 

Molecular Metabolism, 35, 100937. 

doi:10.1016/j.molmet.2020.01.001 

Sánchez-Garrido, M. A., Serrano-López, V., Ruiz-Pino, F., 

Vázquez, M. J., Rodríguez-Martín, A., Torres, E., Velasco, 

I., Rodríguez, A. B., Chicano-Gálvez, E., Mora-Ortiz, M., et 

al. (2024). Superior metabolic improvement of polycystic 

ovary syndrome traits after GLP1-based multi-agonist 

https://doi.org/10.1111/jne.13093
https://doi.org/10.1016/j.cmet.2021.01.004
https://doi.org/10.51847/J1EMRn8tE2
https://doi.org/10.1093/humrep/deac082
https://doi.org/10.1038/s41588-026-02543-9
https://doi.org/10.1111/jne.70028
https://doi.org/10.51847/lrMvYTE3OF
https://doi.org/10.51847/oNOPb4T9g1
https://doi.org/10.51847/oNOPb4T9g1
https://doi.org/10.1093/ejendo/lvad065
https://doi.org/10.1016/j.tjog.2021.11.009
https://doi.org/10.51847/0eVBxAI8y0
https://doi.org/10.51847/7denx72XdE
https://doi.org/10.1210/clinem/dgaf527
https://doi.org/10.1210/er.2015-1104
https://doi.org/10.1210/er.2015-1104
https://doi.org/10.3390/ijms222212507
https://doi.org/10.1016/j.pharma.2024.08.008
https://doi.org/10.2741/e829
https://doi.org/10.1016/j.molmet.2020.01.001


153                                                                                                                                                  J Biochem Technol (2026) 17(2): 144-155 
 

 

therapy. Nature Communications, 15(1), 8498. 

doi:10.1038/s41467-024-52898-y 

Sankaranarayanan, L., Brewer, K. J., Morrow, S., Johnson, G. D., 

Barrera, A., Venukuttan, R., Sisk, R., Dunaif, A., & Reddy, 

T. E. (2025). Gene regulatory activity associated with 

polycystic ovary syndrome revealed DENND1A-dependent 

testosterone production. Nature Communications, 16(1), 

7697. doi:10.1038/s41467-025-62884-7 

 Sanlier, N., & Yasan, N. (2024). Exploring the link between 

COVID-19 and vitamin D: A concise overview. 

Interdisciplinary Research in Medical Sciences Specialties, 

4(1), 23–32. doi:10.51847/skW1PmtWeB  

Sarray, S., Ezzidi, I., Ben Salem, A., Ben Abdennebi, H., & 

Mtiraoui, N. (2025). The role of AMH and AMHR2 variants 

in polycystic ovary syndrome: A comprehensive analysis. 

Clinical Endocrinology, 103(2), 242–250. 

doi:10.1111/cen.15269 

Siddamalla, S., Govatati, S., Venu, V. K., Erram, N., Deenadayal, 

M., Shivaji, S., & Bhanoori, M. (2020). Association of 

genetic variations in phosphatase and tensin homolog 

(PTEN) gene with polycystic ovary syndrome in South 

Indian women: A case-control study. Archives of 

Gynecology and Obstetrics, 302(4), 1033–1040. 

doi:10.1007/s00404-020-05658-4 

Siddiqui, S., Mateen, S., Ahmad, R., & Moin, S. (2022). A brief 

insight into the etiology, genetics, and immunology of 

polycystic ovarian syndrome (PCOS). Journal of Assisted 

Reproduction and Genetics, 39(11), 2439–2473. 

doi:10.1007/s10815-022-02625-7  

Simonyan, R., Babayan, M., Yekmalyan, H., Alexanyan, A., 

Simonyan, G., Alexanyan, S., Darbinyan, L., Simonyan, K., 

& Simonyan, M. (2023). Identification and Extraction of 

Superoxide-Generating Protein Assemblies 

from Helianthus tuberosus, Daucus sativus, and Solanum 

tuberosum. Specialty Journal of Pharmacognosy, 

Phytochemistry, and Biotechnology, 3, 15-

20. doi:10.51847/Vj5MeBCcDs 

Singh, S., Kaur, M., Thapar, P., & Kaur, A. (2025). Genetic 

association between LHCGR variants and polycystic ovary 

syndrome: A meta-analysis. Journal of Assisted 

Reproduction and Genetics, 42(4), 1205–1213. 

doi:10.1007/s10815-025-03434-4 

Stener-Victorin, E., & Deng, Q. (2021). Epigenetic inheritance of 

polycystic ovary syndrome: Challenges and opportunities 

for treatment. Nature Reviews Endocrinology, 17(9), 521–

533. doi:10.1038/s41574-021-00517-x 

Su, P., Chen, C., & Sun, Y. (2025). Physiopathology of polycystic 

ovary syndrome in endocrinology, metabolism and 

inflammation. Journal of Ovarian Research, 18(1), 34. 

doi:10.1186/s13048-025-01621-6  

Suchy, W., & Jurkowski, O. (2024). Clinical assessment of 5% 

lidocaine patches for postoperative analgesia: Efficacy, 

effectiveness, and safety. Bulletin of Pioneer Research in 

Medical and Clinical Sciences, 4(1), 31–36. 

doi:10.51847/UxKg3AkOTB  

Sudhakaran, G., Rajesh, R., Murugan, R., Velayutham, M., Guru, 

A., Boopathi, S., Muthupandian, S., Gopinath, P., & 

Arockiaraj, J. (2023). Nimbin analog N2 alleviates high 

testosterone-induced oxidative stress in CHO cells and 

alters the expression of Tox3 and Dennd1a signal 

transduction pathway involved in the PCOS zebrafish. 

Phytotherapy Research, 37(4), 1449–1461. 

doi:10.1002/ptr.7685 

Szklener, K., Nieoczym, K., Niedziela, K., Światłowski, Ł., & 

Mańdziuk, S. (2023). Exceptional survival with lorlatinib in 

ALK-rearranged lung cancer: A case report. Asian Journal 

of Current Research in Clinical Cancer, 3(1), 1–5. 

doi:10.51847/DxGARc9jsQ  

Tam, L. T., An, H. T. T., Linh, T. K., Nhung, L. T. H., Ha, T. N. 

V., Huy, P. Q., & Luc, P. T. (2023). The Impact of COVID-

19 on Value Co-Creation Activities: A Study of Economics 

Students in Vietnam. Annals of Organizational Culture, 

Leadership and External Engagement Journal, 4, 25-

34. doi:10.51847/QeaHrAoLoL 

Taşkin, E., & Eroğlu, S. (2025). Investigation of associations 

between polycystic ovary syndrome and INSR gene 

polymorphisms rs2059806 and rs2252673. Revista da 

Associação Médica Brasileira, 71(1), e20241056. 

doi:10.1590/1806-9282.20241056 

Tenorio, J., Nevado, J., González-Meneses, A., Arias, P., Dapía, 

I., Venegas-Vega, C. A., Calvente, M., Hernández, A., 

Landera, L., Ramos, S., et al. (2020). Further definition of 

the proximal 19p13.3 microdeletion/microduplication 

syndrome and implication of PIAS4 as the major 

contributor. Clinical Genetics, 97(3), 467–476. 

doi:10.1111/cge.13689 

Thazha, S. K., Cruz, J. P., Alquwez, N., Scaria, B., Rengan, S. S., 

& Almazan, J. U. (2023). Studying the attitude and 

knowledge of nursing students towards the physical restraint 

use in patients. Journal of Integrated Nursing and Palliative 

Care, 4, 1–5. doi:10.51847/cFz2ew4AK8  

Tian, Y., Li, J., Su, S., Cao, Y., Wang, Z., Zhao, S., & Zhao, H. 

(2020). PCOS-GWAS susceptibility variants in THADA, 

INSR, TOX3, and DENND1A are associated with 

metabolic syndrome or insulin resistance in women with 

PCOS. Frontiers in Endocrinology, 11, 274. 

doi:10.3389/fendo.2020.00274 

Tidwell, A., Zhu, J., Battiola, T., & Welt, C. K. (2024). Phenotypes 

associated with polycystic ovary syndrome risk variants. 

Journal of the Endocrine Society, 9(1), bvae219. 

doi:10.1210/jendso/bvae219 

Topaloğlu, A. K. (2017). Update on the genetics of idiopathic 

hypogonadotropic hypogonadism. Journal of Clinical 

Research in Pediatric Endocrinology, 9(Suppl. 2), 113–122. 

doi:10.4274/jcrpe.2017.S010 

Tsiganock, A. S., Bgantseva, A. E., Vostrikova, V. R., Shevel, D. 

S., Saidarova, A. I., Bekbuzarov, I. M., Kurbanov, T. K., & 

Shadova, S. M. (2023). Exploring the Wound Healing 

Potential of Aqueous Extracts from Caucasus Herbs in 

Diabetes Mellitus. Specialty Journal of Pharmacognosy, 

Phytochemistry, and Biotechnology, 3, 31-

38. doi:10.51847/Y5Fvcyw12s 

Tsvetkova, D., Vezenkov, L., Ivanov, T., Danalev, D., & 

Kostadinova, I. (2023). Evaluation of cytotoxic activity of 

galantamine peptide esters: GAL-LEU and GAL-VAL 

against PC3 cell line. Asian Journal of Current Research in 

https://doi.org/10.1038/s41467-024-52898-y
https://doi.org/10.1038/s41467-025-62884-7
https://doi.org/10.51847/skW1PmtWeB
https://doi.org/10.1111/cen.15269
https://doi.org/10.1007/s00404-020-05658-4
https://doi.org/10.51847/Vj5MeBCcDs
https://doi.org/10.1007/s10815-025-03434-4
https://doi.org/10.1038/s41574-021-00517-x
https://doi.org/10.51847/UxKg3AkOTB
https://doi.org/10.1002/ptr.7685
https://doi.org/10.51847/DxGARc9jsQ
https://doi.org/10.51847/QeaHrAoLoL
https://doi.org/10.1590/1806-9282.20241056
https://doi.org/10.1111/cge.13689
https://doi.org/10.51847/cFz2ew4AK8
https://doi.org/10.3389/fendo.2020.00274
https://doi.org/10.1210/jendso/bvae219
https://doi.org/10.4274/jcrpe.2017.S010
https://doi.org/10.51847/Y5Fvcyw12s


J Biochem Technol (2026) 17(2): 144-155                                                                                                                                                  154 
 

 

Clinical Cancer, 3(1), 24–33. doi:10.51847/V6Qg7e4512  

Tyrmi, J. S., Arffman, R. K., Pujol-Gualdo, N., Kurra, V., Morin-

Papunen, L., Sliz, E., FinnGen Consortium, Estonian 

Biobank Research Team, Piltonen, T. T., Laisk, T., et al. 

(2022). Leveraging Northern European population history: 

Novel low-frequency variants for polycystic ovary 

syndrome. Human Reproduction, 37(2), 352–365. 

doi:10.1093/humrep/deab250 

Umarova, M. S., Akhyadova, Z. S., Salamanova, T. O., 

Dzhamaldinova, Z. I., Taysumova, Z. D., Bekmurzaeva, M. 

R., Tapaeva, M. M., & Ivanushkina, A. M. (2024). Influence 

of Vibrations and Other Negative Physical Factors of 

Production on Protein Metabolism and Protein Dynamics in 

the Body. Journal of Medical Sciences and 

Interdisciplinary Research, 4(1), 39-

44. doi:10.51847/Jk38F1v5XH 

Uneno, Y., Morita, T., Watanabe, Y., Okamoto, S., Kawashima, 

N., & Muto, M. (2024). Assessing the supportive care needs 

of elderly cancer patients at Seirei Mikatahara General 

Hospital in 2023. International Journal of Social 

Psychology Aspects of Healthcare, 4, 13–19. 

doi:10.51847/o4njwxvRSF  

van der Ham, K., Laven, J. S. E., Tay, C. T., Mousa, A., Teede, 

H., & Louwers, Y. V. (2024). Anti-müllerian hormone as a 

diagnostic biomarker for polycystic ovary syndrome and 

polycystic ovarian morphology: A systematic review and 

meta-analysis. Fertility and Sterility, 122(4), 727–739. 

doi:10.1016/j.fertnstert.2024.05.163 

Velmurugan, S., Pauline, R., & Subbaraj, G. K. (2024). 

Association of candidate gene (INSR & THADA) 

polymorphism with polycystic ovary syndrome: Meta-

analysis and statistical power analysis. Journal of the 

Turkish German Gynecological Association, 25(3), 167–

178. doi:10.4274/jtgga.galenos.2024.2024-1-7 

Venkatesh, S. S., Wittemans, L. B. L., Palmer, D. S., Baya, N. A., 

Ferreira, T., Hill, B., Lassen, F. H., Parker, M. J., Reibe, S., 

Elhakeem, A., et al. (2025). Genome-wide analyses identify 

25 infertility loci and relationships with reproductive traits 

across the allele frequency spectrum. Nature Genetics, 

57(5), 1107–1118. doi:10.1038/s41588-025-02156-8 

Vishnubotla, D. S., Shek, A. P., & Madireddi, S. (2020). Pooled 

genetic analysis identifies variants that confer enhanced 

susceptibility to PCOS in Indian ethnicity. Gene, 752, 

144760. doi:10.1016/j.gene.2020.144760 

Wan, P., Meng, L., Huang, C., Dai, B., Jin, Y., Chai, L., Gu, X., 

Chen, B., & Quan, S. (2021). Replication study and meta-

analysis of selected genetic variants and polycystic ovary 

syndrome susceptibility in the Asian population. Journal of 

Assisted Reproduction and Genetics, 38(10), 2781–2789. 

doi:10.1007/s10815-021-02291-1 

Wang, F., Zhang, Z., Han, J., Zheng, J., Wang, X., & Wang, Z. 

(2023). Discovery of microglia gonadotropin releasing 

hormone receptor and its potential role in polycystic ovarian 

syndrome. Molecular Medicine Reports, 27(4), 77. 

doi:10.3892/mmr.2023.12964 

Wang, T., Liu, Y., Lv, M., Xing, Q., Zhang, Z., He, X., Xu, Y., 

Wei, Z., & Cao, Y. (2019). miR-323-3p regulates the 

steroidogenesis and cell apoptosis in polycystic ovary 

syndrome (PCOS) by targeting IGF-1. Gene, 683, 87–100. 

doi:10.1016/j.gene.2018.10.006 

Welt, C. K. (2021). Genetics of polycystic ovary syndrome: What 

is new? Endocrinology and Metabolism Clinics of North 

America, 50(1), 71–82. doi:10.1016/j.ecl.2020.10.006  

Witchel, S. F., Oberfield, S. E., & Peña, A. S. (2019). Polycystic 

ovary syndrome: Pathophysiology, presentation, and 

treatment with emphasis on adolescent girls. Journal of the 

Endocrine Society, 3(8), 1545–1573. doi:10.1210/js.2019-

00078 

Wu, K., Sun, C., Din, N., Guo, J., Li, J., Pan, Z., Wang, Y., Sun, 

M., & Kuang, H. (2026). AMH specifically targets neuronal 

AMHR2 to modulate the progression of polycystic ovary 

syndrome. BMC Endocrine Disorders, 26(1), 48. 

doi:10.1186/s12902-025-02130-9 

Xu, N., Yu, B., Li, Y., Yang, Y., Wang, Y., Fang, L., Wu, H., 

Luan, Y., & Yin, C. (2026). CDH4/UBA1/RBMX axis 

promotes polycystic ovary syndrome progression through 

YAP1 activation. Cellular & Molecular Biology Letters, 

31(1), 64. doi:10.1186/s11658-026-00900-4 

Xue, H., Zhao, H., Zhao, Y., Liu, X., Chen, Z., & Ma, J. (2015). 

Association of common variants of FTO in women with 

polycystic ovary syndrome. International Journal of 

Clinical and Experimental Pathology, 8(10), 13505–13509. 

Yang, J., & Chen, C. (2024). Hormonal changes in PCOS. Journal 

of Endocrinology, 261(1), e230342. doi:10.1530/JOE-23-

0342 

Yang, J., Zhao, R., Li, L., Li, G., Yang, P., Ma, J., Zhao, S., & 

Zhao, H. (2020). Verification of a ZBTB16 variant in 

polycystic ovary syndrome patients. Reproductive 

Biomedicine Online, 41(4), 724–728. 

doi:10.1016/j.rbmo.2020.05.005 

Zeng, X., Xie, Y. J., Liu, Y. T., Long, S. L., & Mo, Z. C. (2020). 

Polycystic ovarian syndrome: Correlation between 

hyperandrogenism, insulin resistance, and obesity. Clinica 

Chimica Acta, 502, 214–221. 

doi:10.1016/j.cca.2019.11.003 

Zhang, C., & Yu, J. (2024). FTO gene polymorphism and 

susceptibility to polycystic ovary syndrome: A meta-

analysis. Journal of Obstetrics and Gynaecology Research, 

50(9), 1703–1712. doi:10.1111/jog.16047 

Zhang, P., Pan, Y., Wu, S., He, Y., Wang, J., Chen, L., Zhang, S., 

Zhang, H., Zhao, Y., Niu, L., et al. (2023). n-3 PUFA 

promotes ferroptosis in PCOS GCs by inhibiting YAP1 

through activation of the Hippo pathway. Nutrients, 15(8), 

1927. doi:10.3390/nu15081927 

Zhang, Y., Chen, Z. J., & Zhao, H. (2025). Polycystic ovary 

syndrome: A metabolic disorder with therapeutic 

opportunities. Cell Metabolism, 37(10), 1932–1949. 

doi:10.1016/j.cmet.2025.08.002  

Zhao, H., Xu, Y., Xue, B., Zhao, S., Zhang, M., Wu, X. K., Wang, 

T., Wen, Y., Li, S., Zhang, Q., et al. (2025). Multi-ancestry 

genome-wide association analyses of polycystic ovary 

syndrome. Nature Genetics, 57(11), 2669–2681. 

doi:10.1038/s41588-025-02393-x  

Zhao, H., Zhang, J., Cheng, X., Nie, X., & He, B. (2023). Insulin 

resistance in polycystic ovary syndrome across various 

tissues: An updated review of pathogenesis, evaluation, and 

https://doi.org/10.51847/V6Qg7e4512
https://doi.org/10.1093/humrep/deab250
https://doi.org/10.51847/Jk38F1v5XH
https://doi.org/10.51847/o4njwxvRSF
https://doi.org/10.1016/j.fertnstert.2024.05.163
https://doi.org/10.4274/jtgga.galenos.2024.2024-1-7
https://doi.org/10.1038/s41588-025-02156-8
https://doi.org/10.1016/j.gene.2020.144760
https://doi.org/10.1007/s10815-021-02291-1
https://doi.org/10.3892/mmr.2023.12964
https://doi.org/10.1016/j.gene.2018.10.006
https://doi.org/10.1210/js.2019-00078
https://doi.org/10.1210/js.2019-00078
https://doi.org/10.1186/s12902-025-02130-9
https://doi.org/10.1186/s11658-026-00900-4
https://doi.org/10.1530/JOE-23-0342
https://doi.org/10.1530/JOE-23-0342
https://doi.org/10.1016/j.rbmo.2020.05.005
https://doi.org/10.1016/j.cca.2019.11.003
https://doi.org/10.1111/jog.16047
https://doi.org/10.3390/nu15081927


155                                                                                                                                                  J Biochem Technol (2026) 17(2): 144-155 
 

 

treatment. Journal of Ovarian Research, 16(1), 9. 

doi:10.1186/s13048-022-01091-0  

Zhao, W., Zhou, J., Song, Y., He, M., Zhu, X., Yu, B., & Gao, W. 

(2026). Polycystic ovary syndrome revisited: Novel insights 

and updates. International Journal of Medical Sciences, 

23(1), 271–282. doi:10.7150/ijms.119968  

Zhong, X., Jin, F., Huang, C., Du, M., Gao, M., & Wei, X. (2021). 

DNA methylation of AMHRII and INSR genes is associated 

with the pathogenesis of polycystic ovary syndrome 

(PCOS). Technology and Health Care, 29(Suppl. 1), 11–25. 

doi:10.3233/THC-218002 

Zhou, S., Wen, S., Sheng, Y., Yang, M., Shen, X., Chen, Y., Kang, 

D., & Xu, L. (2021). Association of estrogen receptor genes 

polymorphisms with polycystic ovary syndrome: A 

systematic review and meta-analysis based on observational 

studies. Frontiers in Endocrinology, 12, 726184. 

doi:10.3389/fendo.2021.726184  

Zhu, J., Pujol-Gualdo, N., Wittemans, L. B. L., Lindgren, C. M., 

Laisk, T., Hirschhorn, J. N., & Chan, Y. M. (2022). 

Evidence from men for ovary-independent effects of genetic 

risk factors for polycystic ovary syndrome. Journal of 

Clinical Endocrinology & Metabolism, 107(4), e1577–

e1587. doi:10.1210/clinem/dgab838 

Zhu, T., & Goodarzi, M. O. (2022). Causes and consequences of 

polycystic ovary syndrome: Insights from Mendelian 

randomization. Journal of Clinical Endocrinology & 

Metabolism, 107(3), e899–e911. 

doi:10.1210/clinem/dgab757  

Zhu, X., Wang, Q., Lang, J., Zhi, Y., Fu, Y., & Bao, S. (2025). 

Role of follicle-stimulating hormone receptor 

polymorphism in predicting ovarian response to letrozole in 

women with polycystic ovary syndrome during ovulation 

induction. Frontiers in Endocrinology, 16, 1585655. 

doi:10.3389/fendo.2025.1585655 

 

https://doi.org/10.3233/THC-218002
https://doi.org/10.1210/clinem/dgab838
https://doi.org/10.3389/fendo.2025.1585655

