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INTRODUCTION

Definition and Phenotypes
The PCOS is a multifactorial endocrine disorder whose pathophysiology 
baffles many researchers and clinicians till today. It affects 5-20% of 
the women of reproductive age group [1]. This syndrome is typically 
characterised by dysregulated ovulatory cycles and infertility, altered 
gonadotropin levels, obesity, and bulky multifollicular ovaries on 
ultrasound. The hallmark features of this complex pathophysiological 
condition include menstrual dysfunction, hirsutism, infertility, obesity 
and metabolic syndrome [2,3]. Elevated levels of androgen in PCOS 
subject population usually leads to subcellular aberrations in theca cells 
which also brings an imbalance in the levels of serum Anti-Mullerian 
Hormone (AMH) in comparison to healthy women [4]. Despite being the 
most common endocrine disorders affecting women, the diagnosis, 
management, and associated long-term health risks of PCOS remain 
controversial. In the present literature review, authors have briefly 
summarised the multifaceted nature of PCOS which still defies proper 
understanding. Given the importance of uncharacteristic aetiology 
of PCOS, the review also focuses on the Genome Wide Association 
Studies (GWAS) and how the scientific community is still in search of 
novel gene signatures or biomarkers for the diagnosis of PCOS.

The PCOS is a complex disease and this multifactorial syndrome 
can be grouped into four phenotypes:

a) Phenotype A is characterised with numerous polycystic ovaries, 
oligo anovulation (self-reported menstrual cycle length of 35 days 
or <10 menstrual period per year), and hyperandrogenism (high 
levels of androgens).

b) Phenotype B is characterised with normal appearance of ovaries, 
oligo anovulation, and hyperandrogenism.

c) Phenotype C characterised with polycystic ovaries with normal 
routine menses and hyperandrogenism.

d) Phenotype D characterised with polycystic ovaries, oligo 
anovulation, without hyperandrogenism.

Phenotype A and B are known to be classic PCOS. Women with 
these phenotypes present with significant menstrual dysfunction, 
insulin resistance, and increased risk of metabolic syndrome and 
elevated levels of Antimullerian Hormone (AMH). When compared to 

other phenotypes, incidence of obesity is higher in classic PCOS [5,6]. 
Phenotype C also known as the ovulatory PCOS is characterised 
by elevated insulin, androgens and higher hirsutism scores [7]. 
Phenotype D is otherwise called non hyper androgenic PCOS 
because of the normal androgen levels with very low chances of 
metabolic dysfunction. Usually women with phenotype D has regular 
menstrual cycles however they have low levels of Triiodothyronine (T3) 
and Tetraiodothyronine (T4) as well as lower Luteinising Hormone/
Follicle Stimulating Hormone (LH/FSH) ratio when compared to the 
women with classic PCOS [8,9]. It is important to note that all the 
phenotypes of PCOS can be detected by ultrasound. 

Criteria for the Diagnosis of PCOS
Given the multifactorial nature of the disease, there is an uncertainty 
surrounding the criteria for diagnosis, management of patients, 
and long term health risks for PCOS subjects. Since the evidences 
suggest that women with PCOS are at increased risk of infertility, 
dysfunctional uterine bleeding, metabolic syndrome, type II diabetes, 
and cardiovascular disease [10,11], it is important to strategise 
early diagnosis and intervention. There is also growing evidence 
that women with PCOS are at increased risk of obstructive sleep 
apnoea, depression, non alcoholic fatty liver disease, and certain 
cancers [12-14].

The first attempt to define PCOS clinically was initiated by the 
National Institute of Child Health and Human Development (NICHD) 
in 1990, which defined PCOS as combined presence of androgen 
excess and oligo anovulation excluding all other aetiologies of 
anovulatory infertility. Ultrasonographic evidence was considered 
to be suggestive but not necessarily diagnostic for PCOS [15]. But 
this was not accepted by the clinicians from the United Kingdom 
(UK) and most of Europe because USG evidence of polycystic 
ovaries had long been considered as definitive evidence of PCOS 
[16]. Although the NICHD criteria helped in putting forward an 
important step in establishing a universally acceptable clinical 
definition for PCOS, but in the years that followed, it became clear 
that the clinical presentation of PCOS deviated drastically than 
defined by NICHD and notably women demonstrating biochemical 
evidence of the syndrome had a consistent morphology of 
polycystic ovaries [17-19].

Surankita Sukul1, PuShkal Sinduvadi rameSh2, narahari agaSti3

 

Keywords: Diagnosis, Hyperandrogenism, Infertility, Metabolic syndrome

ABSTRACT
Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder affecting a significant population of women of reproductive 
age group worldwide. Due to the complex pathophysiology and overlapping symptoms, this disorder is often difficult to diagnose. 
Genome-wide association studies have identified several new risk loci and candidate genes for PCOS. However, currently, there are 
no standard genetic markers for PCOS susceptibility testing owing to the inconsistent findings. Despite the advent of the genomic 
era, the challenge to identify and pinpoint the heritable genetic basis of PCOS still exists. This mini-review explores the basic 
definition and phenotypes of PCOS, the different criteria for the diagnosis, the incidence, gestational complications associated 
with it, the basis of genetic heritability, and the influence of various gene polymorphisms. Also, this review briefly summarises the 
reports of genome-wide association studies conducted to identify candidate genetic markers to aid in understanding the complex 
pathophysiology of PCOS.
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After a decade, the European Society for Human Reproduction and 
Embryology and the American Society for Reproductive Medicine 
(ESHRE and ASRM or Rotterdam) changed the criteria and included 
polycystic ovaries as a third diagnostic marker which allowed to 
redefine PCOS as a syndrome of ovarian dysfunction [20]. The 
Rotterdam criteria required two of the three criteria for a diagnosis 
of PCOS which implied that PCOS can even be diagnosed without 
androgen excess or even irregular menstrual cycles. This made 
Rotterdam criteria disputable as the above parameters forms the 
basis of the syndrome. 

In 2006, a new task force was formed by the Androgen Excess 
Society (AE-PCOS) to scrutinise the existing data on the phenotypic 
expression of PCOS. After thorough consideration the society 
proposed a new set of diagnostic criteria including clinical and 
or biochemical signs of hyperandrogenism and widely prevalent 
ovarian dysfunction [21]. The proposed diagnostic criteria and their 
requisites are summarised in [Table/Fig-1].

women which increases the risk of pregnancy complications in 
such women. They are at increased risk of Early Pregnancy Loss 
(EPL), Gestational Diabetes Mellitus (GDM), Hypertensive Disorders 
of Pregnancy (HDP), and premature delivery.

The EPL which is clinically defined as first trimester miscarriage is 
mostly seen in PCOS women. Two simultaneous studies has showed 
that 30-50% of PCOS women were prone to PCOS associated EPL 
when compared with 10-15% of normal women [35,36]. However, 
it has been difficult to establish the EPL rate associated with PCOS 
women mainly due to several confounding factors. Also, a study found 
that the incidence of spontaneous EPL was higher in woman who used 
ovulation-inducing agents when compared with the naturally ovulating 
and conceiving population [37]. Several risk factors including elevated 
LH levels are associated with EPL in women with PCOS [38,39]. When 
compared to those with normal LH, PCOS women with increased 
LH levels were at the higher risk of miscarriage with decreased 
conception rate [40]. In the subsequent studies it was documented 
that PCOS women who underwent long term pituitary suppression with 
a Gonadotropin Releasing Hormone (GnRH) agonist had decreased 
miscarriage rates [41,42]. Various mechanisms underlying the increased 
risk and pathogenesis of EPL in women with PCOS have been 
hypothesised and the probable ones are depicted in [Table/Fig-3].

Incidence and Prevalence
The diagnosis of PCOS is mainly done by the criteria set by one of 
the three diagnostic criteria: The NICHD or the Rotterdam or the ones 
set by AE-PCOS society. The estimation of the prevalence of this 
syndrome depends on which criteria were followed whether individually 
or combined. The prevalence of PCOS was estimated for the first time 
in 1998 amongst the different populations of Caucasian and black 
races, and it was estimated to be around 4% in both the races [22]. In 
another study, which was done much later in 2017 involving a total of 
400 women with age range of 18-45 years it was estimated to be 6.6% 
in both black and white populations [23] which was well supported by 
another Spanish study that estimated the prevalence to be 6.8% [24]. 
In a study conducted at Oxford University and a private medical centre, 
a 6.8% prevalence of PCOS was estimated [25]. In 2013, a study 
conducted in Chinese women indicated the prevalence of PCOS as 
5.6% [26]. The prevalence of PCOS seems to be significantly higher in 
the South Asian countries like India and Pakistan. Various studies from 
India have reported the prevalence of PCOS in the range of 3-35% [27-
31] whereas the studies from Pakistan reported a higher prevalence 
of 40-50% among the woman of reproductive age group [32,33]. 
The Institute for Health Metrics and Evaluation has provided the latest 
prevalence rates of PCOS throughout the globe (http://www.healthdata.
org/results/gbd_summaries/2019/polycystic-ovarian-syndrome-level-
4-cause) and the same has been depicted in [Table/Fig-2].

PCOS and Gestational Complications
During the second and third trimesters of the normal pregnancy, 
the body induces insulin resistance as a compensatory mechanism 
designed to restrict maternal glucose uptake thereby ensuring the 
growing foetus gets enough nutrients [34]. Insulin resistance along 
with hyperandrogenism forms the metabolic hallmark of PCOS 

Literature suggests that 40-50% of the PCOS pregnancies are 
complicated by GDM [43]. Supporting studies also pointed evidence 
at obesity, as a confounding factor and hence such women could 
have increased risk of GDM associated PCOS. Two studies showed 
Body Mass Index (BMI) more than 25 kg/m2 to be the greatest 
predictor for GDM [44,45]. Contradictorily, Urman B et al., found 
that independent of BMI PCOS women are at increased risk of GDM 
[46]. Similarly, another study observed more cases of GDM and pre-
eclampsia in non obese PCOS women supporting the evidence that 
this risk was mainly due to PCOS rather than obesity [47]. Later on 
a systematic review and meta-analysis concluded that the higher 
risk of gestational diabetes in PCOS women was a questionable 
finding [48]. The heterogenic nature of PCOS and the diversity in 
methodology among studies seems to be the main reason behind 
these conflicting results.

[Table/Fig-1]: Accepted diagnostic criteria for PCOS and their requisites.
NICHD: National institute of child health and human development; ESHRE: European society for 
human reproduction and embryology; ASRM: American society for reproductive medicine

[Table/Fig-2]: Age standardised DALY (disability-adjusted life years) of PCOS per 
100,000 population worldwide. The color coding chart depicts the percentage of 
PCOS prevalence in different locations with blue being the lowest and red being 
the highest.

[Table/Fig-3]: Proposed mechanisms to explain underlying the risk and pathogenesis 
of Early Pregnancy Loss (EPL) in PCOS women Insulin-like Growth Factor Binding 
Protein 1 (IGFBP-1).
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HDP, especially pre-eclampsia, is a leading cause of maternal death 
worldwide and research reports that 8% of the PCOS pregnancies 
are associated with HDP [49]. HDP includes Pregnancy Induced 
Hypertension (PIH), usually seen after 20 weeks of gestation, 
and pre-eclampsia which is PIH with proteinuria. The association 
between PCOS and HDP is not consistent. A couple of studies 
showed increased incidence of pre-eclampsia in PCOS women 
[50,51] whereas others documented similar prevalence of pre-
eclampsia between PCOS and non PCOS women [44,52]. A meta-
analysis reported in 2011 demonstrated an odds ratio of 4.23 and 
4.07 for pre-eclampsia and PIH respectively in PCOS women [53].

Outcome of New-Borns of Mothers with PCOS 
Infants born to PCOS mothers can have significantly worse perinatal 
outcomes when compared to infants born to non PCOS mothers. 
In 2006, a meta-analysis was conducted which aimed at evaluating 
pregnancy outcomes and associated neonatal complications in 
PCOS women. The study reported that the risk of admission to 
Neonatal Intensive Care Unit (NICU) and possibility of perinatal deaths 
were significantly higher in infants of PCOS mothers [54]. Evidence 
suggests that the Apgar score- a method used to summarise the 
health of new-born against infant mortality is found to be less than 
5 in most of the infants born to the PCOS mothers [55]. The same 
study also showed that there was a risk of increased congenital 
anomalies in the babies born to women with PCOS. 

Genetic Heritability
In all these years of research, clinical and genetic evidences have 
suggested that PCOS is a complex syndrome of autosomal dominant 
inheritance [56-58]. The familial aggregation studies and the twin studies 
aided in establishing the heritable basis of PCOS. The first evidence 
of the genetic basis of PCOS was reported in 1968 [59]. Early studies 
in the 1990s reported that, PCOS followed an autosomal dominant 
mode of inheritance as the results showed siblings of the PCOS 
probands had increased prevalence of PCOS related traits [60,61]. 
In concordance many other family studies supported this conjecture, 
where it was observed the first degree relatives of PCOS probands 
had a prevalence of PCOS ranging from 51-66%. Interestingly, the 
studies also reported that oligomenorrhea and hirsutism in PCOS 
women and male pattern baldness in males of the family could be due 
to a single gene [60,62]. A large study by Kashar-Miller M and Azziz R 
found that among the 250 PCOS probands, 75% of them reported at 
least one family member with either hirsutism alone or PCOS including 
hirsutism [63]. With 50% of mothers or sisters, 25% of aunts, and 20% 
of grandmothers having hirsutism or hirsutism with oligomenorrhea, 
this study established a strong familial aggregation for PCOS and its 
traits. Subsequent study done by the same research group found that 
PCOS was prevalent in 35% of the premenopausal mothers and 40% 
of the sisters of PCOS probands supporting the existing data [64].

Earlier studies conducted in 1995 and 1997 which examined 
the rate of PCOS in a small group of monozygotic (n=19) and 
dizygotic (n=15) twin pairs initially suggested that PCOS was not an 
autosomal dominant disorder. [65,66]. A subsequent large Dutch 
study published in 2006 with monozygotic (n=1332) and dizygotic 
(n=1873) twins identified 92 subjects with PCOS using a questionnaire 
based on the Rotterdam criteria. This study aimed to estimate the 
heritability of PCOS and if it has any genetic basis. In addition the 
study also investigated acne, hirsutism and oligomenorrhea as a 
trivariate model. The data demonstrated that monozygotic twins had 
higher correlation for PCOS when compared to their counterparts. 
The results of this study also confirmed the familial trait of PCOS 
was significantly due to genetic factors which predispose the family 
members of the probands to a risk of developing PCOS [67].

Genome Wide Association Studies (GWAS)
A great success has been achieved with the introduction of genotyping 
platforms and application of the same to many common multigenic 

diseases. Completion of the Human Genome Project gave access 
to complete reference genomes and therefore made it easier for the 
researchers to genotype millions of Single Nucleotide Polymorphisms 
(SNPs). PCOS is a multifactorial disease and any mutations affecting 
the ovaries directly or indirectly are associated with PCOS. Research 
community has always pondered upon identifying candidate genes 
involved in pathways related to the pathogenesis of PCOS. SNPs 
have the potential to reveal any small functional changes within a 
gene and can assist in understanding its differential impact in healthy 
and diseased individuals.

Till date there had been plenty of studies intending to identify 
candidate genes for the diagnosis of PCOS and many of them are not 
successful due to the multigenic architecture of the disease. Limited 
sample size, uneven control group, phenotypic heterogeneity, lack 
of exclusion of confounding factors (insulin resistance, obesity) are 
the root cause for the failed studies. GWAS associates specific loci 
and traits of a disease in cases and controls to help determine the 
allele distribution. Chen ZJ et al., in the early 2011 were the first ones 
to report GWAS in PCOS where they published three susceptibility 
loci for PCOS (LHCGR, THADA, and DENND1A) identified in a 
large case-control cohort of Chinese descent including 4,082 
patients diagnosed as per the Rotterdam criteria and 6,687 control 
subjects [68]. 

Shortly after a year, in 2012 a second GWAS in Chinese population 
was published in an expanded cohort of subjects and added 
eight novel risk loci potentially implicating both LHCGR and FSHR 
as independent risk genes [69]. A total of 11 PCOS risk genes 
including Luteinizing Hormone/Choriogonadotropin Receptor 
(LHCGR), Follicle-Stimulating Hormone Receptor (FSHR), Thyroid 
Adenoma Associated (THADA), Denn Domain-Containing Protein 
1A (DENND1A), Chromosome 9 Open Reading Frame 3 (C9orf3),  
Yes-associated Protein 1 (YAP1), High Mobility Group AT-Hook 2 
(HMGA2), Sulphite oxidase (RAB5B/SUOX), TOX3, Insulin Receptor 
(INSR) and SUMO1P1 were discovered by the two Chinese GWAS 
and other smaller studies. Overview of the most common genes are 
shown in [Table/Fig-4].

Recently, two GWAS data published in European cohorts have 
significantly increased the number of identified PCOS genes. The 
first report included a cohort of 984 PCOS subjects diagnosed as 
per National Institutes of Health (NIH) criteria and 2,964 control 
subjects. Two novel loci namely, GATA4 and NEIL2 were identified 
by this study [70]. A subsequent study published in the same year, 
had a unique and very large cohort. The initial phase consisted of 
nearly 5,000 self-reported PCOS patients and more than 80,000 
control subjects from the online research survey platform (https://
www.23andme.com/en-int/research/). The second phase of the 
study was performed in 2,000 clinically validated cases as per both 
NIH and Rotterdam criteria. A total of six loci associated with PCOS 
were identified at genome wide significance. Three of the six were 
new novel loci (ERBB4, RAD50, and KRR1), two of them were the 

[Table/Fig-4]: Overview of the most common genes whose polymorphism could 
have a direct impact in the development of PCOS and lead to further complications.
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previously reported loci in Chinese population (THADA and YAP1), 
and one previously reported in white population (FSHB) [71]. The 
relationships between SNPs identified by GWAS and the quantitative 
traits associated with PCOS needs to be further examined to link 
and better understand the disease biology. 

CONCLUSION(S)
Till date PCOS remains as an endocrine puzzle causing 
uncharacteristically adverse hormonal disturbances in the affected 
women leading to metabolic and gynaecological concerns. All 
aspects of the syndrome starting from the classification to the 
diagnosis criteria are debatable. Identifying gene signatures for 
the diagnosis of PCOS has not been successful mainly due to 
the multigenic architecture of the disease. The identification of 
candidate genes to assess the risk of developing PCOS is the need 
of the hour as it helps to improve our understanding of the complex 
multifactorial syndrome. The recent advances in GWAS of PCOS 
have done this by providing a list of credible candidate genes. By 
combining the functional data of the gene signatures and the clinical 
manifestations of the affected individuals it is possible to understand 
the aetiology of the PCOS, improve the diagnosis and allow early 
intervention for treatment.
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