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Evaluating the impact of LHCGR gene polymorphism
on polycystic ovary syndrome: a comprehensive meta-
analysis and power assessment
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Abstract

Objective: Polycystic ovary syndrome (PCOS) is prevalent among reproductive-aged women and is categorized by hormonal
imbalances, irregular menstrual cycles, and challenges with fertility. PCOS affects approximately 3.6% of women globally, with
prevalence varying by region. The luteinizing hormone/choriogonadotropin receptor (LHCGR) gene, which encodes the LHCGR,
has been implicated in PCOS pathophysiology. This study investigated the association between the LHCGR gene polymorphism
rs2293275 and PCOS through a meta-analysis.

Material and Methods: An extensive literature review was carried out using Embase, PubMed, and Google Scholar databases to
identify research studies exploring the association between LHCGR gene variants and PCOS. The review was conducted based on
the PRISMA checklist. Eligible case-control studies from 2016 to 2024 were chosen based on predefined criteria. Quantitative data
analysis was performed using MetaGenyo software, employing a significance threshold of p<0.05. Odds ratios (OR) and confidence
intervals (CI) were calculated to evaluate the relationships. G¥*Power 3.1 software was employed for statistical power analysis to
assess the study’s strength. The meta-analysis explored the link between LHCGR gene variant rs2293275 and PCOS across diverse
ethnic groups and genetic models.

Results: Analyzing data from 10 studies involving 1,431 PCOS cases and 1,317 controls, the findings revealed no significant
associations in most genetic models: allele (OR: 0.89, 95% CI: 0.54-1.49), dominant (OR: 0.74, 95% CI: 0.47-1.18), recessive (OR:
0.80, 95% CI: 0.41-1.57), and over-dominant (OR: 1.13, 95% CI: 0.69-1.85). Subgroup analyses by ethnicity (Arabs, Asians, Caucasians)
consistently showed no significant correlations, except a protective effect in Caucasians (OR: 0.57, 95% CI: 0.34-0.95) in the AA vs.
aa comparison. Sensitivity analyses confirmed robustness, and there was no indication of publication bias. Power analysis validated
adequate sample sizes, and protein-protein interaction networks underscored biological relevance.

Conclusion: The meta-analysis concluded that no significant connection was observed between the LHCGR gene variant 1s2293275
and the risk of PCOS among different populations. This suggests a complexity in PCOS etiology and indicating that LHCGR may not
be a significant genetic marker for PCOS. Future research should explore other genetic and environmental factors contributing to
PCOS, emphasizing the importance of genetic and ethnic variability in such studies. (J Turk Ger Gynecol Assoc. 2024; 25: 207-18)
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Introduction

Polycystic ovary syndrome (PCOS) is commonly acknowledged
as a predominant endocrine disorder and was initially
described by Stein and Leventhal in 1935 (1). Mostly women of
reproductive age (18-44 years) are affected by this very prevalent
endocrine (2), metabolic, and reproduction condition. PCOS is
mainly associated with hormonal disturbances that alter the
menstrual cycle, thereby causing irregular monthly cycles and
eventually affecting the fertility profile of women (3).
According to the World Health Organization estimates, 116
million women, approximately 3.6% of women globally, are
in the reproductive age range and have PCOS. The global
incidence of PCOS ranges from 2.2% to 26% (1). In India, the
prevalence of PCOS varies between 3.7% and 22.5%, according
to population studies and diagnostic standards (4). Based on
the Rotterdam criteria, PCOS is identified as a diverse syndrome
characterized by the occurrence of at least two of these criteria:
persistent lack of ovulation or irregular ovulation; clinical or
biochemical signs of excess androgens; and polycystic ovarian
morphology which may be observed using ultrasound (5). This
morhology is illustrated in Figure 1. Hyperandrogenism may
halt folliculogenesis, leading to multifollicular morphology,
which disrupts the menstrual cycle and causes anovulatory
infertility (6).
The imbalance in female sex hormones causes the
development of a cyst in the ovarian antral follicle. The cyst, an
egg-containing sac filled with fluid, is ordinarily released during
fertilization. The transformation of the egg into a functional
cyst usually prevents the ovulation process. As a result of
ovulation inhibition, the development of several cysts takes
place, leading to amenorrhea (7). PCOS is often characterized
by increased levels of testosterone and luteinizing hormone
(LH) in the blood. In addition, individuals with PCOS
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Figure 1. Pathophysiology of PCOS and the Rotterdam criteria
PCOS: Polycystic ovary syndrome, GnRH: Gonadotropin-releasing
hormone, AMH: Anti-Mullerian hormone, LH: Luteinizing hormone,
FSH: Follicle stimulating hormone

commonly experience metabolic disruptions, including
as insulin resistance, high levels of insulin in the blood, and
irregularities in energy expenditure. A recent study indicated
a 2 to 3 times higher likelihood of developing cardiovascular
diseases and type 2 diabetes in PCOS-affected individuals in
the later stages of their lives (8). The etiology and progression
of type 2 diabetes mellitus are complex and include several
environmental variables, including but not limited to physical
inactivity, excessive dietary glucose intake, poor eating habits,
smoking, alcohol use, obesity, and hereditary factors (9). A
strong association between PCOS and obesity is known in the
affected population of reproductive-aged females (10).

The underlying mechanisms of PCOS involve ovarian
dysfunction influenced by external factors, such as the
hypothalamic-pituitary-ovarian axis and hyperinsulinemia.
Elevated levels of gonadotropin-releasing hormone lead to
increased secretion of LH, affecting androgen production and
ovulation. Insufficient feedback communication between the
ovaries and the hypothalamic-pituitary unit exacerbates the
suppression of gonadotropin secretion. Insulin resistance,
induced by compensatory hyperinsulinemia, is identified
as a major contributor to the development of symptoms of
PCOS. Hyperinsulinemia promotes androgen production and
reduces levels of sex hormone-binding globulin, resulting in
hyperandrogenism and its associated clinical symptoms (11).
This leads to an increased risk for the development of several
gynecological cancers, including an elevated incidence rate of
endometrial cancer (12). Among the gynecological cancers,
cervical neoplasia is the second most common malignancy
threatening women and is also associated with fertility issues
among reproductive-aged women (13).

The luteinizing receptor
(LHCGR) gene codes for the LH/choriogonadotropin receptor
and is situated on chromosome 2p16.3, spanning over 70 kbp
with 11 exons. This gene is mainly active in granulosa cells
during the final phases of preovulatory follicles. Its primary
role is to generate receptors for human chorionic gonadotropin
(hCG) and LH (14). LH and hCG receptor functions allow the
body to respond to these hormones functionally and structurally
appropriately. In males, hCG supports Leydig cell growth in the
testes, while LH prompts these cells to produce androgens.
Androgens, like testosterone, are crucial for regulating male
sexual development and reproductive processes (15).

hormone/choriogonadotropin

The LHCGR protein functions as a receptor for glycoprotein
hormones and is found in granulosa cells in the late stages of
preovulatory follicles. LH stimulates the ovarian theca cells to
produce testosterone, which is converted into estrogen. The
expression of LHCGR during granulosa cell maturation allows
the pre-ovulatory follicle to respond to the mid-cycle LH surge,
leading to ovulation and the release of the mature egg cell (16).
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Irregular LHCGR expression correlates with elevated LH levels,
enlarged ovaries, infrequent menstrual cycles, and resistance
to LH and/or hCG, all of which contribute to infertility. During
pregnancy, women produce hCG, which promotes the
continuation of the pregnancy (17).

The expression of LHCGR mainly occurs in the granulosa cells
and theca of the ovary, and studies have shown increased
expression in individuals with PCOS. When LH binds to its
receptor LHCGR, a structural change activates the receptor,
leading to signaling cascades involving cAMP and specific
kinases. These signals regulate the expression of genes
essential for steroid production. Furthermore, LH-induced
activation of LHCGR plays a crucial role in follicle development
and ovulation. Therefore, any genetic variation affecting the
structure or function of the protein product of LHCGR could
directly impact ovarian function and related conditions, such
as PCOS (18).

Various studies have demonstrated that the LHCGR single
nucleotide polymorphism (SNP) rs2293275 (p. Ser312Asn
polymorphism) is significantly associated with women with
PCOS. The fertility profile was also examined, revealing a
notable correlation with infertile women with PCOS. In the
Bulgarian population, a significant association was explicitly
observed with infertile women (19). The Egyptian population
also showed a significant association between PCOS and
several anthropometric and biochemical characteristics,
including an elevated free androgen index and hirsutism index
(20).

The correlation of the rs2293275 variation with many cases
of PCOS and the evident connection between LHCGR
and reproductive signaling pathways indicates that it
might constitute a fundamental and common mechanism
contributing to the development of PCOS. Determining the
practical implications of the LHCGR rs2293275 variation may
clarify a typical reproductive phenotype that connects the
etiology of various reproductive issues. Consequently, an
extensive meta-analysis was conducted to determine the
relationship pattern between LHCGR and PCOS.

Material and Methods

The study adhered to the PRISMA checklist, a recognized
guideline for conducting meta-analyses and systematic
reviews. Furthermore, the study’s prospective review protocol
(ID: 559449) was registered with the International Prospective
Register of Systematic Reviews (PROSPERO), confirming the
study’s validity.

Literature analysis
The literature search for this study was conducted from
January 1, 2014, to December 31, 2024, using the Google

Scholar, Embase, and PubMed databases. The search focused
on identifying relevant studies on the LHCGR gene, PCOS,
polymorphisms, SNPs, rs2293275, and genetic variations.
MeSH terms and commonly used keywords were combined
with Boolean logic operators (AND, OR) to refine the search
results. For instance, in PubMed, the search string included
terms such as “LHCGR gene,” “PCOS,” “rs2293275,” and
“genetic variations.” Filters were applied to include only
studies published in English within the specified timeframe.
The extensive search and exploration of the research articles
were independently conducted by [Author 1 (Thomas)],
and Author 2 (Veerabathiran) who independently screened
the included articles, and any disagreements were resolved
through discussion and consensus between the authors. The
inclusion criteria focused on studies published in English
that investigated the association between LHCGR gene
polymorphisms, particularly rs2293275, and PCOS. Studies
that did not meet these criteria or were published outside the
designated search period were excluded. The complete search
strategy for PubMed, including the detailed search string and
filters used, is provided in the supplementary materials.

Criteria for inclusion and exclusion

A thorough assessment of the inclusion criteria ensured that
the selected papers met the criteria for this meta-analysis.
Specifically, studies employing case-control or cohort study
design to investigate the association among the LHCGR genetic
variants and PCOS and offering allelic and genotypic frequency
data for determining 95% confidence intervals (CI) and odds
ratios (OR), with corresponding p values were among the
critical prerequisites for study selection. Female candidates
aged 18-40 years were included in the studies, with a focus on
their fertility profiles and hormonal ranges for data analysis.
Infertile females and those with a family history of PCOS were
also considered. The research considered hormonal profiles,
with elevated hormone levels and irregular menstrual cycles
indicative of the condition. The studies that reported adjusted
estimates from the multivariable analysis were also included in
this study to ensure the robustness of the findings.

Excluded studies included inadequate data or did not meet the
following criteria. Using predetermined inclusion and exclusion
criteria, we assessed the publications. For an article to be
accepted, it had to fulfil two requirements: the study required
using a case-control research design and the presentation of
genotype frequencies for both cases and controls. Exclusion
criteria included: studies using animal models or cell lines;
case reports; no control group; or there was inadequate data.

Extraction of data

Based on predetermined criteria, the data were chosen
from relevant publications, and the required data was then
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meticulously acquired as described. A thorough analysis of
the gathered articles was conducted to extract information
regarding the genotypic and allelic frequencies among
individuals in the case and control groups. The research was
deemed ineligible if it failed to submit complete genotypic
information, including allelic frequencies, or could not gather
the information required from the patient and control groups.
Every study used several data, including the Hardy-Weinberg
equilibrium (HWE) value, language, initial author name,
publication year, ethnicity, sample size, and PubMed ID.

Methodological quality evaluation using Hardy-Weinberg
equilibrium and Newcastle Ottawa Scale scoring

The criteria employed to evaluate the quality of the chosen
analysis were the Newcastle Ottawa Scale (NOS) and the HWE.
A control genotype assignment was necessary to meet HWE
(>0.05). The NOS rating, which has a maximum possible score
of nine, considers three factors: relevance, equivalency, and
selection. Studies with a score of six or above were included
in this meta-analysis.

Statistical analysis

MetaGenyo software was used to set a statistical significance
criterion of p<0.05 for all genomic changes during the data
analysis. Specific protocols and resources are essential for
conducting thorough meta-analyses on genetic interactions,
evaluating genetic variations for potential therapeutic
applications, ensuring rigorous significance testing in large-
scale genetic studies, and maximizing statistical power.
Previous research has used the Q statistic test, based on chi-
square analysis, to interpret the heterogeneity assumption, as
indicated by the > metric. If the I? value was below 50, a fixed-
effect model was applied to determine the OR and the 95% CI.
Conversely, a random-effect model was employed if the [?value
exceeded 50. The HWE technique used chi-square testing.
We performed a subgroup analysis on the entire population
to explore our analysis further. The sensitivity plot was also
examined to determine the effects of leaving out individual
studies, especially those where the controls deviated from the
HWE. Egger’s regression technique was applied to identify any
possible publication bias.

Power analysis

Power analysis was performed on the metadata, using a 0.05
a error and a 95% CI. For the designated genes, the power of
the sample size in each study-which included both case and
control groups-was assessed separately. G¥Power 3.1 was the
program used to calculate power.

Protein-protein interactions

For the discovered SNPs linked with PCOS, the STRING (v11.0)
online search tool database can predict functional proteins
and protein-protein interactions (PPIs) with a minimum score
of =0.4. STRING applies a minimum score criterion of =0.4
to signify the confidence level of projected interactions and
aggregates large-scale experimental data, text mining, and
computational predictions to gather information on protein
interactions. STRING facilitates the visualization, interpretation,
and analysis of intricate biological relationships by building
networks of interacting proteins and offering functional
annotations for proteins. Based on the predicted PPIs, it supports
the identification of essential proteins, pathways, or molecular
mechanisms associated with, in this case, PCOS through
integrating various data sources and providing visualization
tools, ultimately facilitating a deeper understanding of the
condition’s underlying biology.

Results

Search results

The literature search identified ten studies that examined the
LHCGR gene, including information from 1,431 PCOS patients
and 1,317 control participants. Once the articles were gathered,
they were scrutinized to select the ones pertinent to this
research and with important information. Figure 2 displays the
research approach for LHCGR. Ten research studies examined
the relationship between the collected data and PCOS severity,
with ten of them focusing on the SNP rs2293275 polymorphism.

[ Identification of studies via databases and registers ]

)
= Records identified through
g database searching (n=300)
- v
S
g
=} Records based on curation based
on human genetic study (n=58)
"
7 v
Records screened (n=242) - Rccor.ds cxc}lldcd for non-human
| genetic studies (n=100)
= v
g
§ Records screened associated with - Excluded based on Reviews and
5 LHCGR gene and polymorphisms ?| Insufficient data
i (n=142) (n=80)
(&) Records were included for SNP - i‘\;l:::;(: :)l?::dE:;\]il:]?ul(::)c;z:;cdala
152293275 (n=62) =] (0=52) N s
3 ‘L
=
> Studied included in meta-analysis
i (n=10)

Figure 2. A flow diagram shows the overview of the study
selection

LHCGR: Luteinizing hormone/choriogonadotropin receptor, SNP:
Single nucleotide polymorphism
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Table 1 presents the details of all the studies we looked at,
including the traits of the controls and patients, to explore the
connection between PCOS condition susceptibility and LHCGR
polymorphisms. Participants in the 10 study projects were from
various ethnic backgrounds (21-30).

Assessment of methodological quality

The methodological quality of the findings included in this
meta-analysis was evaluated using the NOS and HWE criteria,
including papers with a NOS score of six or higher guaranteed
the selection of high-caliber research using dependable
methods, lowering the possibility of bias. The NOS ratings
primarily evaluate the research quality by reflecting varying
degrees of methodological correctness among the included
studies. Two studies out of the ten that were reviewed had
an NOS score of six, indicating a moderate quality rating,
and four studies received an NOS score of seven, indicating
a somewhat superior methodological quality. Four research
publications obtained an 8 on the NOS scale, signifying
outstanding methodological excellence. These scores indicate
that most of the studies meet the requirements in a good to
exceptional manner for comparison, research group selection,
and outcome evaluation. It is feasible to thoroughly examine
the body of evidence and pinpoint the advantages and
disadvantages of the research to this distribution. To preserve
the accuracy of the genetic data and prevent biases, we only
included and displayed in Table 1 studies whose control
genotype distributions fulfiled HWE (p>0.05). These strict
standards will improve the validity and robustness of the meta-
analysis findings.

Quantitative data analysis

Ten studies were assessed to investigate the link between the
rs2293275 polymorphism in the LHCGR gene and the propensity
for PCOS. The results revealed no significant connection
between PCOS risk and LHCGR polymorphisms. Based on
the I? value, the models were obtained from random effect
values. These models are the following: the allele model, G vs.
A (I2=93%), with an OR of 0.89, 95% CI: 0.54-1.49, and p=0.81
and is depicted in Figure 3; the dominant model, GG + GA vs.
AA (I’=55%), with an OR of 0.74, 95% CI: 0.47-1.18, and p=0.03
which is depicted in Figure 4; the recessive model, GG vs. GA +
AA (1?=93%), with an OR of 0.80, 95% CI: 0.41-1.57, and p=0.81,
shown in Figure 5; and the over-dominant model, GA vs. GG +
AA (1?=86%), with an OR of 1.13, 95% CI: 0.69-1.85, and p>0.05,
depicted in Figure 6.
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Figure 3. The forest plot showing an association between
LHCGR gene polymorphism and PCOS in the allele model

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval

Table 1. The characteristics of selected case-control studies of LHCGR (rs2293275) gene polymorphism and PCOS

and HWE score

Genotypic frequency Allele frequency .

C Control C Control Sample size
Author &year ase ontro ase ontro Ethnicity | NOS scoring | HWE

GG |GA [AA |GG [GA AA |G A G A Case | Control
Atoum et al. (21), 2022 26 20 9 23 22 10 |72 38 68 42 55 55 Arab 7 0.2575
ZB(‘;“]SZ]O”"Y etal. (22), 47 |27 |26 |42 |18 |10 |121 |79 |102 |38 |100 |70 Arab 8 0.0034
Capalbo et al. (23), 2012 | 63 76 20 103 | 65 12 202 | 116 | 271 | 89 159 180 Caucasian | 8 0.6891
Alarcén-Granados et al. .
(24), 2022 20 23 6 23 24 2 63 35 70 28 49 49 Caucasian | 7 0.1615
Lidaka et al. (25), 2021 26 26 11 22 31 14 |78 48 75 59 63 67 Caucasian | 7 0.6161
g/gz];hdoom‘ etal. 26, |10 1106 |4 |58 |59 |3 |126 114 |175 |65 |120 |120 Asian 8 0.0080
Robeva et al. (27), 2017 | 27 20 13 21 14 5 74 46 56 24 60 40 Caucasian | 6 0.2918
El-Shal et al. (28), 2015 146 | 54 0 75 94 41 | 346 |54 244 | 176 | 200 210 Arab 0.2424
Singh et al. (29), 2022 138 | 162 | 121 | 120 | 135 |67 | 438 | 404 | 375 | 269 | 421 322 Asian 8 0.0131
zgla;hap“d‘ etal. (B0 o9 19 |21 22 |155 |27 |242 | 166 | 199 | 209 | 204 | 204 Asian 6 0
LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS: Polycystic ovary syndrome, HWE: Hardy-Weinberg equilibrium, NOS: Newcastle Ottawa
Scale
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Subgroup analysis

The results of the meta-analysis provide a complex relationship
between genetic variations and the desired outcome for
various genetic models across several ethnic populations. The
results for the allele comparison model (A vs. a) in the ten
selected studies showed no substantial correlation, with an
OR of 0.9476 (95% CI: 0.6025-1.4904, p=0.8158). Furthermore,
non-significant relationships were found in subgroup analyses
by ethnicity, with ORs for Arabs (1.4681, 95% CI: 0.3839-5.6145,
p=0.575), Asians (0.7967-95% CI. 0.4170-1.5222, p=0.49),
and Caucasians (0.7639, 95% CI: 0.5236-1.1146, p=0.16) all
showing non-significant connections. Likewise, no significant
correlations were seen overall (OR: 0.9249, 95% CI: 0.4804-

Experimental Control
Study Events Total Events Total 0dds Ratio OR 95%-Cl Weight
Atoum et al., 2022 46 55 45 55 o 114 [0.42; 3.06] 11.5%
Bassiouny et al., 2014 74 100 60 70 0.47 [0.21; 1.06] 14.0%
Capalbo et al., 2012 139 159 168 180 0.50 [0.23; 1.05] 14.8%
Granados et al., 2022 43 49 47 49 0.30 [0.06; 1.59] 6.0%
Lidaka et al., 2021 52 63 53 67 ksl 1.25 [0.52; 3.00] 13.0%
Makhdoomi et al., 2023 116 120 117 120 —— 0.74 [0.16; 3.40) 6.8%
Robeva et al., 2017 47 60 35 40 0.52 [0.17; 1.58] 10.1%
Shal et al., 2015 200 200 169 210 ——=—— 98.18 [5.99; 1608.00] 2.5%
Singh et al., 2022 300 421 255 322 0.65 [0.46; 0.92] 21.3%

Random effects model 1227
Heterogeneity: I° = 55%, T° = 0.2346, p = 0.02

1113 4 0.74 [0.47; 1.18] 100.0%

0001 01 1 10 1000

Figure 4. The forest plot showing an association between
LHCGR gene polymorphism and PCOS in the dominant model
LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval

Experimental Control
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Atoum et al., 2022 26 S5 23 55 1.25 [0.59;2.65] 10.7%
Bassiouny et al., 2014 47 100 42 70 0.59 [0.32;1.10] 11.2%
Capalbo et al., 2012 63 159 103 180 = 0.49 [0.32;0.76) 11.7%
Granados et al., 2022 20 49 23 49 0.78 [0.35;1.73] 10.5%
Lidaka et al., 2021 26 63 22 67 1.44 [0.70;2.94] 10.8%
Makhdoomi et al., 2023 10 120 58 120 —=— 0.10 [0.05;0.20] 10.7%
Robeva et al., 2017 27 60 21 40 0.74 [0.33;1.65] 10.5%
Shal et al., 2015 146 200 75 210 = 4.87 (3.19:7.41) 11.8%
Singh et al., 2022 138 421 120 322 = 0.82 [0.61;1.11] 12.0%

Random effects model 1227 1113 7<_;’7 0.80 [0.41; 1.57] 100.0%

Heterogeneity: I = 93%, T = 0.9706, p < 0.01

Figure 5. The forest plot showing an association between
LHCGR gene polymorphism and PCOS in the recessive model
LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval

Experimental Control
Study Events Total Events Total 0Odds Ratio OR 95%-Cl Weight
Atoum et al., 2022 20 55 22 55 r 0.86 [0.40; 1.85] 10.2%
Bassiouny et al., 2014 27 100 18 70 — 1.07 [0.53; 2.14] 10.7%
Capalbo et al., 2012 76 159 65 180 |~>— 1.62 [1.05; 2.50) 12.3%
Granados et al., 2022 23 49 24 49 —i— 0.92 [0.42; 2.04] 10.1%
Lidaka et al., 2021 26 63 31 67 — 0.82 [0.41; 1.63] 10.7%
Makhdoomi et al., 2023 106 120 59 120 —#— 7.83 [4.04;15.18] 10.9%
Robeva et al., 2017 20 60 14 40 —i— 0.93 [0.40; 2.16] 9.7%
Shal et al., 2015 54 200 94 210 - 0.46 [0.30; 0.69] 12.4%
Singh et al., 2022 162 421 135 322 _ 0.87 [0.64; 1.16] 13.0%

1113 % 1.13 [0.69; 1.85] 100.0%
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Random effects model 1227
Heterogeneity: I° = 86%, T° = 0.4678, p < 0.01

Figure 6. The forest plot showing an association between
LHCGR gene polymorphism and PCOS in the over-dominant
model

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval

1.7804, p=0.815) or among subgroups in the recessive model
(AA vs. Aa + aa).

The analysis for Caucasians neared significance (OR: 0.6362,
95% CI: 0.3914-1.0340, p=0.0680); however, no substantial
relationships were detected in subgroups in the dominant
model (AA + Aa vs. aa). The total OR in the model was 0.8077
(95% CI: 0.5239-1.2454, p=0.33). An overall OR of 1.0306 (95%
CI: 0.6502-1.6336, p=0.9) for the overdominant model (Aa vs.
AA + aa) indicated no significant connection.

Except for the comparison of AA vs. aa in Caucasians, which
revealed a substantial protective effect (OR: 0.5656, 95% CI:
0.3376-0.9474, p=0.0304), pairwise comparisons (AA vs. aa, AA
vs. Aa, and Aa vs. aa) likewise generally showed no significant
relationships within subgroups or overall. In many situations,
heterogeneity was negligible across studies (I>=0%), and no
discernible publication bias was found (p>0.05 for the Egger’s
test). Therefore, the meta-analysis across different genetic
models and ethnic subgroups did not reveal a substantial link
between the genetic variants and the result, except for an
essential protective finding in the pairwise comparison of AA
vs. aa in the Caucasian subgroup. These results underscore the
importance of considering genetic and ethnic heterogeneity in
genetic association studies. Table 2 depicts the data included
in the subgroup analysis.

An examination of sensitivity analysis and publication bias
A sensitivity analysis examined the inconsistent findings from
several investigations, particularly concerning departures from
HWE. Research with intervention changes or non-compliance
with HWE criteria was omitted from the analysis. As Figure 7
shows, removing these studies had no discernible impact on
the final p-value. In addition, a funnel plot was used to detect
publication bias and validate the results, and showed no
evident bias, as illustrated in Figure 8.

Study Odds Ratio OR 95%-Cl

Omitting Atoum et al., 2022
Omitting Bassiouny et al., 2014
Omitting Capalbo et al., 2012
Omitting Granados et al., 2022
Omitting Lidaka et al., 2021
Omitting Makhdoomi et al., 2023
Omitting Robeva et al., 2017
Omitting Shal et al., 2015
Omitting Singh et al., 2022

_ 0.87 [0.50; 1.51)
—_ 0.95 [0.54; 1.65)
E—— 0.95 [0.53; 1.68)
— 0.92 [0.53; 1.59]

— 0.86 [0.49; 1.50)
——————— 0.99 [0.58; 1.69)
e 0.92 [0.53; 1.60]
—_— 0.71 [0.55; 0.91)
—_—

1

0.91 [0.48; 1.73)

del

Random effects 0.89 [0.54; 1.49]

r
0.5 1 2

Figure 7. Sensitivity analysis was performed for LHCGR
rs2293275 gene polymorphism among PCOS cases and
controls

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval
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Power analysis and PPI interaction evaluation

A power analysis was conducted to assess the significance
level of each research study related to the chosen SNPs. After
conducting an inquiry, we discovered that the sample sizes
in the examined literature, with an o error probability of 0.05,
satisfied the necessary significance level. The outcomes
of a two-tailed hypothesis test are displayed in the power
analysis graph. The graph indicates that the hypothesis test is
conducted at a significance level («) of approximately 0.05,
corresponding to a 95% confidence level, with a critical z-value
of 1.95996. Thus, the graph underscores the need for careful
study design to balance the risks of type 1 and type 2 errors,
ensuring that the study has sufficient power to detect true
associations while minimizing the risk of false positives. This

0.0

0.2

06

Standard Error

08

1.0

0.05 0.10 0.20 0.50 1.00 2.00 5.00 10.00 20.00 50.00

Figure 8. Publication bias in association between LHCGR
gene polymorphism and PCOS in all models

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS:
Polycystic ovary syndrome

sort of analysis (Figure 9) evaluates the probability of finding an
effect of a certain magnitude under specific variables, such as
sample size, effect size, and significance level. Table 3 provides
specifics of the power analysis.

Twenty-one nodes and 131 edges in the PPI network were built
using the STRING database. Its low PPI enrichment p-value was
less than 1.0e-16, and its clustering coefficient was 0.814. Its
average node degree was 12.5. This suggests that the proteins
interact more than one could anticipate from a randomly
chosen protein group of comparable size and distribution from
the genome. Figure 10 shows the network of other genes and
proteins associated with the LHCGR gene. Such enrichment
suggests a degree of biological interconnectedness among
the proteins. These findings also suggest a tightly integrated

critical z = 1.95996
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Figure 9. The graphical representation of a power analysis
plot depicts how statistical power is affected by either the
sample size or effect size in a two-tailed hypothesis test for

the LHCGR rs2293275 gene polymorphisms
LHCGR: Luteinizing hormone/choriogonadotropin receptor, p: Beta

Table 2. Subgroup meta-analysis of the association between LHCGR (rs2293275) gene polymorphism with

PCOS susceptibility
Test of association Test of heterogeneity Publication bias
Model Ethnicity | omber lue (Egger’
of studies | OR 95% CI p value | Model P IZvalue Fe;?) ue (Lgger's
Overall 10 0.9476 | (0.6025; 1.4904) | 0.815807 | Random |0 0.9313 | 0.9062
Allele contrast | Arab 3 1.4681 | (0.3839;5.6145) |0.574787 | Random |0 0.9627 | 0.3915
(Avs. a) Asia 0.7967 | (0.4170; 1.5222) | 0.491407 | Random |0 0.9376 | 0.8021
Caucasian 0.7639 | (0.5236;1.1146) | 0.162334 | Random | 0.0709 | 0.5734 | 0.5142
Overall 10 0.9249 | (0.4804; 1.7804) | 0.815211 | Random |0 0.9301 | 0.6288
Recessive Arab 3 1.5565 | (0.3921;6.1785) |0.529334 | Random |0 0.9397 | 0.3813
model (AA vs. -
Aa + aa) Asia 0.6606 | (0.1370; 3.1859) | 0.60547 Random |0 0.9657 | 0.8215
Caucasian 0.7597 | (0.4640; 1.2438) | 0.274576 | Random | 0.0883 | 0.541 0.2612
Overall 10 0.8077 | (0.5239; 1.2454) | 0.333777 | Random | 0.0099 | 0.5851 | 0.3368
Dominant Arab 2.1265 | (0.3296; 13.7177) | 0.42765 Random | 0.0012 | 0.8511 |0.1027
model (AA + - -
Aavs. aa) Asia 0.7726 | (0.5768; 1.0349) | 0.08365 Fixed 0.1331 | 0.5041 | 0.7065
Caucasian 0.6362 | (0.3914; 1.0340) | 0.067985 | Fixed 0.3103 | 0.1625 | 0.6232
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Table 2. Continued

Test of association Test of heterogeneity Publication bias
Model Ethnicity | \Umber p value (Egger’s
of studies | QR 95% CI p value |Model |p IZvalue test)
Overall 10 1.0306 | (0.6502; 1.6336) | 0.898061 | Random |0 0.8646 | 0.4151
3::/‘:°L“Ii“fnt Arab 0.701 | (0.3967; 1.2386) | 0.221271 | Random | 0.0766 | 0.6107 | 0.2146
aa) Asia 1.4433 | (0.4159;5.0084) | 0.563231 | Random |0 0.9588 | 0.5195
Caucasian 1.2005 | (0.8798;1.6380) | 0.249145 | Fixed 0.2846 | 0.2093 | 0.0776
Overall 10 0.8412 | (0.4311;1.6416) | 0.612205 | Random |0 0.7975 | 0.5944
pairwl (AAvs. | Arab 3 2.6908 | (0.3116;23.2387) | 0.368201 | Random | 0.0003 | 0.8787 | 0.0931
aa) Asia 0.7636 | (0.1768;3.2984) | 0.717866 | Random |0 0.9026 | 0.9837
Caucasian 0.5656 | (0.3376; 0.9474) | 0.03036 | Fixed 0.1272 | 04737 | 0917
Overall 10 0.9623 | (0.5251;1.7635) | 0.901082 | Random |0 0.9063 | 0.5542
pairw2 (AAvs. | Arab 3 1.5197 | (0.5619;4.1098) | 0.409698 | Random | 0.0009 | 0.8566 | 0.2739
Aa) Asia 0.6918 | (0.1387;3.4495) | 0.653102 | Random |0 0.9651 | 0.7459
Caucasian 0.7368 | (0.5300; 1.0243) | 0.069237 | Fixed 0.1496 | 0.4364 | 0.1519
Overall 10 0.7736 | (0.6023; 0.9936) | 0.044424 | Fixed 0.1774 | 0.2904 | 0.2043
pairw3 (Aa vs. | Arab 3 1.7294 | (0.3339;8.9584) | 0.513906 | Random | 0.0138 | 0.7667 | 0.0671
aa) Asia 3 0.7666 | (0.5599; 1.0496) | 0.097305 | Fixed 0.3774 |0 0.3608
Caucasian | 4 0.7085 | (0.4220; 1.1895) | 0.192387 | Fixed 0.6308 | 0 0.287

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS: Polycystic ovary syndrome, OR: Odds ratio, CI: Confidence interval

Table 3. Power analysis for LHCGR (¥s2293275) gene polymorphism and PCOS

Gene SNP No. of studies Cases

Controls A- err prob Power (1B err prob)

LHCGR rs2293275 10 1431

1317 0.05 0.99955

LHCGR: Luteinizing hormone/choriogonadotropin receptor, PCOS: Polycystic ovary syndrome, SNP: Single nucleotide polymorphism, p: Beta

Figure 10. The protein-protein interaction network of
differentially expressed genes of the selected gene
associated with PCOS

PCOS: Polycystic ovary syndrome

network of proteins, indicating that the proteins in this network
interact more extensively and are more interconnected than
would be anticipated by chance. The PPI network reveals
a substantial level of biological interrelationships among
the associated proteins, underscoring the importance and
complexity of their interactions and potential functional
relevance in the context of the LHCGR gene.

Discussion

The LHCGR gene produces a G protein-coupled receptor
that binds to both LH and hCG. In the ovary, the expression
of LHCGR is central to the interaction of pre-ovulatory follicles
and the mid-cycle LH surge, facilitating ovulation during
the differentiation of granulosa cells. While women with
inactivating LHCGR mutations may experience elevated LH
levels and enlarged ovaries with irregular menstrual cycles,
they do not typically exhibit significant reproductive issues,
as seen in males with similar mutations who present with
early puberty (31). Studies have associated LHCGR variations,
particularly the rs2293275 SNP in exon 10, causing an S312N
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amino acid change with PCOS. Although this SNP does not
seem to affect glycosylation, its functional implications in
PCOS remain unclear. Interestingly, unlike in males, where
activating LHCGR mutations trigger early puberty and increased
testosterone production, these mutations are not linked to
ovarian hyperandrogenemia in women. This challenges the
assumption that “hyper-responsive” LHCGR isoforms are
associated with the dysfunction of theca cells (27).

There is strong evidence suggesting that PCOS has a genetic
basis despite its diverse manifestations. Recent genome-wide
association studies (GWAS) have identified multiple genetic
regions associated with PCOS, strengthening the hypothesis
of a likely oligogenic or polygenic model, although evidence
suggests autosomal dominant inheritance. Environmental
factors, incomplete penetrance, and epigenetic modifications
require intricate efforts to understand the inheritance patterns
fully. Despite advances in genetic research, the identification of
definitive PCOS susceptibility genes remains limited. Though
much research has been done on candidate gene connections,
only a few have shown consistently reproduced statistically
significant relationships (32).

The study conducted by Branavan et al. (33) showed
no substantial link between the LHCGR gene and PCOS
patients. This study was conducted in Sri Lankan women
of 16-19 years of age, and genotype associations were
analyzed using amplification-refractory mutation system -
polymerase chain reaction. Although this study did not show
any association between genetic polymorphisms and the
LHCGR gene, in contrast, various other studies have shown
a substantial correlation between the LHCGR genetic variant
and PCOS, some reporting that the LHCGR gene was strongly
associated with PCOS, thereby playing an essential part in the
pathophysiology of PCOS (33). Capalbo et al. (23) reported a
substantial correlation between Sardinian PCOS patients and
the LHCGR gene. This study identified the LHCGR gene as a
functional solid candidate for susceptibility to PCOS, showing
the highest relative risk among specific genotypes. The findings
suggest that assessing the LHCGR genotype, particularly the
312N allele, in PCOS patients and their family members could
be valuable (23).

Based on the studies conducted, an association between the
LHCGR gene and PCOS was demonstrated through GWAS
analysis (34,35). The initial report found that granulosa and
theca cells from PCOS patients expressed higher levels of
LHCGR compared to normal control cells. In a subsequent
study, using data from the Gene Expression Omnibus (GEO)
database to confirm their findings, the authors identified
an increased expression of LHCGR in cumulus cells from
women with PCOS, regardless of obesity status. Women
diagnosed with PCOS, especially those who were not

overweight, demonstrated heightened secretion of LH from
the pituitary gland, enhanced bioactivity of LH, and increased
androgen production in response to LH stimulation. The
researchers proposed that increased receptors due to LHCGR
overexpression led to heightened androgen production from
the theca cells, thereby increasing ovarian sensitivity to LH.
Moreover, in non-obese women with PCOS, there was evidence
of reduced methylation and increased expression of LHCGR in
adipose tissue, suggesting a consistent gene regulatory profile
across different tissues. To validate their finding of LHCGR
overexpression as a unique feature of PCOS, the researchers
analyzed GEO datasets that allowed stratification, based on
traits such as obesity and insulin sensitivity. They found no
differences in LHCGR expression between lean and obese
subjects in three adipose GEO datasets stratified by obesity or
in three datasets stratified by insulin sensitivity. These findings
suggest that the observed variations in LHCGR expression
are specific to PCOS and not merely a result of metabolic
differences within the cohort.

LHCGR genetic polymorphisms and PCOS did not correlate
in the current investigation. The I? value surpassed 50%,
indicating no substantial linkages at the allele level, recessive
relationships, associations, or
associations between the LHCGR genetic variant and
PCOS. Therefore, these results suggest that the LHCGR gene
polymorphism and PCOS symptoms are unrelated. A NOS rating
was used to select studies with high-quality methodologies and
guarantee high-quality research to minimize the possibility of
bias. The study concluded that the LHCGR gene polymorphism
was congruent with the HWE value principle. Both Egger’s test
and a funnel plot were used to evaluate publication bias, but
neither revealed any bias. The PPI network indicates that the
proteins show more interactions than one would anticipate
from a haphazardly chosen set of proteins with comparable
sizes and genomic distributions. The degree of biological
interconnectedness between the proteins and the network of
other genes and proteins that share the LHCGR gene is shown
by this enrichment.

over-dominant dominant

This meta-analysis examined various genetic models and
ethnic subgroups, revealing no significant association between
genetic variants and outcomes, except for a notable finding in
comparing AA vs. aa within the Caucasian subgroup. These
findings underscore the importance of accounting for genetic
and ethnic diversity in genetic association studies. PCOS
susceptibility may be influenced by the LHCGR polymorphism
across different populations, where its impact could vary due
to diverse genetic backgrounds, environmental exposures,
and lifestyles. These factors, serving as confounding variables
across broader populations, may weaken the observed
associations. However, the link becomes more apparent and
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detectable in more homogeneous subgroups with reduced
variability in these factors. In addition, interactions with other
genetic or hormonal factors prevalent in these subgroups
could enhance the biological significance of the LHCGR
polymorphism. The subgroup analysis highlighted a significant
relationship, emphasizing the need for further investigation into
how specific factors, such as genetic diversity, environmental
influences, hormone levels, and lifestyle choices amplify the
impact of the LHCGR polymorphism on PCOS susceptibility.
The statistical data strongly supports these conclusions, with
rigorous data extraction and analysis methods ensuring reliable
study outcomes.

This study advances our understanding of the genetic
underpinnings of PCOS, potentially contributing to improved
diagnosis and treatment strategies in the future. Despite
inconsistent addressing relationship
between LHCGR gene polymorphisms and PCOS risk due
to the inadequate and short sample size, our investigation
emphasized the need to investigate the process of LHCGR
genetic variation. Recognizing genetic indicators could aid in
early detection, personalized treatment, and risk assessment.
Ultimately, we believe our research contributes to elucidating
the connection between the risk of PCOS and LHCGR gene
polymorphisms, highlighting the growing importance of
addressing these challenges.

results the minor

Study limitations

This study is subject to several limitations. Variations in
different populations may impact outcomes differently. First,
various populations may have distinct genetic origins, and
although ethnicity-based subgroup analysis was attempted, it
could not include all ethnic groups. This restriction emphasized
how important it is to carry out more inclusive research
encompassing amore comprehensive range of genetic varieties.
Furthermore, publication bias is a risk, which might distort the
overall results since research with unfavorable outcomes can
be under-represented. Therefore, the subgroup analysis based
on ethnicity could not encompass all ethnic groups. Another
significant limitation was the relatively small sample sizes in
some of the included studies, which may reduce the statistical
power and limit the generalizability of the findings. Small
sample sizes can also contribute to more significant variability
and uncertainty in the results. Furthermore, the reported
relationships between LHCGR gene variants and PCOS may
have been impacted by confounding factors, which may not
have been adequately controlled across investigations. The
study’s emphasis on specific demographics further restricts
the generalizability of findings. Subsequent investigations
must bridge these gaps by executing extensive, multi-ethnic
investigations encompassing heterogeneous populations and

accommodating plausible confounding factors. Understanding
the temporal link between LHCGR gene variants and the
onset of PCOS might also benefit from longitudinal research.
Furthermore, investigating gene-environment interactions
and broadening the study scope to encompass a greater
variety of genetic variants may contribute to a more thorough
knowledge of the genetic foundation of PCOS. Recognizing
these constraints underscores the necessity for more extensive
research with larger sample sizes to enhance our understanding
of the role of LHCGR gene variations in PCOS.

The implications of this study on the correlation between
LHCGR gene polymorphisms and PCOS have significant
ramifications, particularly in genetics and personalized
medicine. Understanding how LHCGR variations contribute to
susceptibility to PCOS may lead to the development of more
precise diagnostic techniques, enabling early detection of
high-risk individuals. Furthermore, a more detailed study could
pave the way for tailored treatments that address the genetic
aspects of PCOS, potentially improving therapeutic outcomes.
By identifying these correlations, healthcare professionals
can adopt a more personalized approach to managing PCOS,
tailoring prevention and treatment strategies to each patient’s
unique genetic profile. Future studies need to be conducted to
explore the genetic underpinnings of PCOS, fostering advances

in precision medicine and improving patient outcomes.

Conclusion

This study used a thorough meta-analysis spanning many
ethnic backgrounds to investigate the relationship between
a single LHCGR gene polymorphism, rs2293275, and PCOS.
Except for a small finding in the Caucasian subgroup, our study
revealed no substantial correlation between this polymorphism
and PCOS across various genetic models and ethnic groupings,
despite several reports pointing to a connection. The
robustness of the conclusions was underscored by adherence
to strict methodological criteria. The results demonstrated the
complexity and variety of PCOS, indicating that more research
is required to identify additional genetic and environmental
variables contributing to the syndrome, even though the LHCGR
gene may not be a significant marker for PCOS risk. This work
adds to the continuing efforts to understand and manage PCOS
better and highlighted the need to take genetic and ethnic
heterogeneity into account in genetic association studies.
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