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ABSTRACT A comprehensive and critical review of the genetic association studies of the polycystic ovary
syndrome (PCOS) hitherto conducted in India was made and the information on allele frequencies for 104 variants
from 52 genes with odds ratios and p-values, reflecting the patterns of association with PCOS presented. Only 23
different sample units were studied from 11 major cities of India and diabetes pathway genes/SNPs were studied
more often than those from the other metabolic and reproductive pathways. Further, a relatively much wider
spectrum of genetic variants were explored in the population of Hyderabad when compared to others. Overall, only
29 of the 104 variants studied were associated with PCOS (p<0.05), eighteen of those being risk conferring with
minor effects, hence not causative and in congruence with the global scenario. The researchers presented an
assessment of the present status of genetic research on PCOS among Indian populations, identified the lacunae and

future perspectives for research in India.

INTRODUCTION

Polycystic ovary syndrome (PCOS) isa com-
plex endocrine and metabolic disorder affecting
the reproductive aged women. The history of
PCOS dates back to 1721 when Vallisneri de-
scribed a married and infertile woman with shiny
and white surfaced ovaries with size similar to
the pigeon eggs (Insler and Lunesfeld 1990).
However, this disorder was first described in 1935
by Stein and Leventhal in the women with men-
strual disturbances, hirsutism, and enlarged ova-
ries containing many small follicles (Stein and
Leventhal 1935) and was thus initially come to
be known as Stein-Leventhal syndrome. Subse-
quent research demonstrated that it is no longer
a disorder limited to the ovaries, but involves
various other organ systems in its complex
pathophysiology. The PCOS is characterized by
hyperandrogenism, chronic anovulation and
cystic ovarian morphology and is the leading
cause of infertility. It is associated with obesity
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and increased risk for type 2 diabetes (T2DM),
cardiovascular diseases (CVDs), endometrial
cancers and psychological problems (Azziz et
al. 2016). Because of its complex etiology and
pathophysiology, PCOS is considered as a com-
plex disorder whose manifestation is the conse-
quence of a number of genetic and environmen-
tal factors and their interactions. However, its
etiology remains still uncertain due to a number
of reasons. In general, the genetic studies of
PCOS were limited when compared other com-
plex disorders like T2DM, coronary heart dis-
eases and cancers. A comprehensive review of
the global status of molecular genetic studies
on the PCOS was undertaken, probably for the
first time, by Dasgupta and Reddy (2008), which
highlighted a number of important aspects of
this research:

1. The highly inconsistent nature of the re-
sults of genetic association studies in that
a relatively greater proportion of the stud-
ies showed lack of association than those
that did with reference to any particular
gene/SNP studied.

2. Arelatively small size of the samples were
used for most of the studies, which lacked
statistical power and because of the vari-
able diagnostic criteria for PCOS used by
different investigators yielded wide range
of prevalence rates across ethnic groups/
geographic populations.
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3. The inconsistency in the results of associ-
ation was attributed to be due to lack of
statistical power and variable diagnostic
criteria for PCOS used in different studies
that resulted in the phenotypic heteroge-
neity of the PCOS cases.

4. Virtually no genetic association study of
PCOS was conducted among the Indian
populations and that most Indian PCOS
studies were focused only on the clinical
dimensions.

Subsequently, there have been many genet-
ic association studies on PCOS globally and as
well as in India. To date, more than 100 candi-
date genes have been studied through candi-
date gene approach and 16 genes/ loci were iden-
tified recently through GWAS. During the past
10 years, ~104 variants belonging to 52 genes
have been screened among the Indian women in
the pursuit of understanding the nature of their
susceptibility for PCOS.

Objective

The primary objective of the present study
was to critically review the genetic association
studies so far conducted among the Indian pop-
ulations and to gauge the present status of un-
derstanding of the genetic susceptible patterns
of the Indian women with PCOS. However, for
the benefit of readership, the researchers have
also provided a brief overview of the different
diagnostic criteria used in recruiting PCOS cas-
es, pathophysiological mechanisms involved in
the manifestation of this syndrome and the
present global status of genetic research on
PCOS.

Diagnostic Criteria

The details of different diagnostic criteria
used in identifying PCOS are furnished in Table
1. The PCOS was first defined by NICHD (Na-
tional Institute of Child Health and Human De-
velopment) conference in the year 1990, which
was revised by Rotterdam Consensus Workshop
in 2003 (Rotterdam 2004). Subsequently, the
Androgen Excess Society in 2006 has combined
the above two criteria and came up with the third
criteria according to which the presence of clin-
ical or biochemical hyperandrogenism and ei-
ther oligo-anovulation or polycystic ovarian
morphology is required for diagnosis of PCOS.

This has resulted in the inherent phenotypic
heterogeneity of the PCOS samples drawn,
which had become a challenge for human ge-
neticists delaying the progress in the genetic
dissection of the syndrome. Therefore, the NIH
in 2012 addressed the benefits and drawbacks
of the existing diagnostic criteria and came up
with a broader version of ESHRE/ASRM 2003
criteria along with a detailed description of the
PCOS phenotypes (National Institutes of
Health 2012) that could be specific targets of
genetic investigations.

Pathophysiology

The pathophysiological mechanisms of
PCOS are depicted in the schematic diagram (Fig.
1). The most prominent features of PCOS- hy-
perandrogenism, polycystic ovaries and meta-
bolic abnormalities- appear to have interconnect-
ing roles in the manifestation of PCOS. Most
women with PCOS have elevated levels of lutein-
izing hormone (LH) and reduced levels of folli-
cle stimulating hormone (FSH) along with ele-
vated levels of androgens and insulin, which
can manifest as oligomennorhea or amenorrhea.
Excessive production of androgens by the ova-
ries and adrenals result in a number of addition-
al features like tiny cysts on the ovaries, hirsut-
ism and acne. Insulin resistance, which occurs
independently of obesity in PCOS, may affect
ovulation and fertility by interfering with hepat-
ic production of sex hormone binding globulin
(SHBG). Reduced levels of SHBG levels lead to
an increase in free testosterone levels. The com-
bination of anovulation and hyperinsulinemia
can promote endometrial cell proliferation, in-
creasing the risk of endometrial carcinomas and
other abnormalities. In addition to glucose and
insulin abnormalities, CVD risk factors (like hy-
pertension, dyslipidemia, and impaired blood
vessel function) often accompany PCOS. For
further details on the pathophysiological mech-
anisms of this syndrome one may refer to Das-
gupta and Reddy (2008).

Etiology
Although the etiology of PCOS remains un-

certain, it is considered as a multi-factorial dis-
order with various genetic, metabolic, endocrine
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Fig. 1. The Schematic representation of different

pathophysiological mechanisms involved in the mani-

festation of PCOS. (Adapted from Dasgupta and Reddy 2008).

and environmental abnormalities (Franks et al.
2006). The familial and twin studies indicate a
strong genetic and heritable component in PCOS
(Mykhalchenko et al. 2017). However, it is be-
lieved that utero-fetal programming may have a
significant role in the manifestation of PCOS in
the adult life. Further, despite a woman being
genetically predisposed to the disease, it is only
through the interactions of environmental and
genetic factors that might ultimately lead to PCOS
phenotype (Allahbadia and Merchant 2008). The
highly variable phenotype of PCOS suggests that
apart from genes, environmental influences such
as obesity, peripubertal stress and/or hormonal
exposures may contribute to the manifestation of
the disease (Kahsar-Miller and Azziz 1998).

Genetic Association Studies

Two approaches that are employed in identi-
fying the genetic loci for PCOS are linkage and

association studies (Unluturk et al. 2007). The
case-control design used in genetic association
studies has been the powerful tool for studying
the genetic susceptibility profile of the complex
genetic diseases (Risch and Merikangas 1996).
In the linkage studies, the proband and their fam-
ilies are investigated to determine if the particular
genomic landmarks are distributed independent-
ly or in linkage with the phenotype. However,
linkage studies are robust in identifying single
gene causing Mendelian disorders but are poor-
ly suited to study complex traits like PCOS.

Findings of Candidate Gene Approach:
An Overview of the Global Scenario

The genetic susceptibility of PCOS has been
widely examined by candidate gene association
studies involving more than 100 genes and fo-
cusing around the genes responsible for ste-
roidogenesis (CYP1A1, CYP11A, CYP17A1,
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Table 1: Diagnostic criteria for polycystic ovary syndrome

AES/2006 NIH 2012(extension of

ESHRE/ASRM 2003)

NICHD/1990 ESHRE/ASRM
Rotterdam/2003
Diagnostic ~ Requires the Requires the
Criteria simultaneous presence of at
presence of least two criteria:
1. Clinical and/or 1.clinical and/or
biochemical biochemical
hyperandrogenism hyperandrogenism,
2. Menstrual 2. Ovulatory
dysfunction dysfunction
3. PCOM
Exclusion Congenital adrenal Congenital adrenal
Criteria hyperplasia, hyperplasia,
androgen secreting androgen secreting
tumours, Cushing tumours and
syndrome, Cushing’s syndrome
hyperprolactinaemia
Clinical Hirsutism, alopecia  Hirsutism, acne and
Traits and acne androgenic alopecia
Biochemical 1. Total testosterone 1. Free androgen
Traits 2. Free testosterone  index or free
3. Androstenedione testosterone
4. DHEA 2. Total testosterone
3. DHEA
PCOM Not included At least one ovary

showing either:
1. Twelve or more

follicles (2-9 mm in

diameter) or
2. Ovarian volume
-10 ml

Requires the
presence of
hyperandrogenism,

Requires the presence of
any two of the three
1.Hyperandrogenism

Clinical or 2.0vulatory dysfunction
biochemical, and 3.PCOM
either: with specific phenotypes
1. Oligo-anovulation included

A- hyperandrogenism +
ovulatory dysfunction +
PCOM

B- hyperandrogenism +
ovulatory dysfunction

C- hyperandrogenism +
PCOM

D- ovulatory dysfunction +
PCOM

Congenital adrenal

or
2. PCOM

Congenital adrenal

hyperplasia, hyperplasia, androgen
androgen secreting secreting tumours and
neoplasms, Cushing’s syndrome

androgenic/anabolic
drug use or abuse,
Cushing’s
syndrome,
syndromes of severe
insulin resistance,
thyroid dysfunction
and
hyperprolactinaemia
Hirsutism Hirsutism, acne and
androgenic alopecia
1. Free androgen index or
free testosterone

1. Free androgen
index or free

testosterone 2. Total testosterone
2. Total testosterone 3. DHEA
3. DHEA

4. Androstenedione
At least one ovary
showing either

1. Twelve or more
follicles (2-9 mm in
diameter) or

2. Ovarian volume -
10 mi

At least one ovary showing
either:
1. Twelve or more follicles
(2-9 mm in diameter) or
2. Ovarian volume - 10 ml

NICHD - National Institute for Child Development and Human Diseases, AES - Androgen Excess Society, PCOM -
polycystic ovary morphology, DHEA - dehydroepiandrosterone, adapted from Dasgupta and Reddy, (2008) and

modified.

CYP19, HSD17B6, AR, SHBG, SRD5AL1 and
SRD5A?2), folliculogenesis (FSHR, LHCGR and
AMHR?2), insulin signaling (IRS1, IRS2, INSR,
PPARY and CAPN10), energy homeostasis (AD-
IPOQ and FTO) and chronic inflammation (1L-1c,
IL-1B, IL6, IL18, PAIL, FBN3, TNF and MEP1A).
However, till date, none of the candidate genes
identified was found to be causative to the dis-

ease. The PCOS candidate genetic studies have
been hampered by various limitations, which
include the complex genetic architecture, incom-
plete characterization of phenotype in family
members, small sample size and phenotype het-
erogeneity. However, presently, a few attempts
are being made to overcome some of these limi-
tations by considering larger number of pheno-
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type specific patients and controls and by fur-
ther confirming the association by considering
cohorts of discovery and independent replica-
tion. Furthermore, candidate gene findings are
being confirmed by using family based approach-
es like TDT (transmission disequilibrium test)
(Mykhalchenko et al. 2017).

Genome Wide Association Studies

For the complex genetic disorders like PCOS,
GWAS provides an important tool as the analy-
ses do not rely on a molecular mechanism hy-
pothesized a priori (Mykhalchenko et al. 2017).
To date, five GWAS studies have been per-
formed (Table 2) in the populations of Han Chi-
nese (Chenetal. 2011; Shi et al. 2012), Koreans
(Lee etal. 2015) and European (Day et al. 2015;
Hayes et al. 2015) and identified several novel
susceptible loci for PCOS (Table 2). The GWAS
in Han Chinese identified 11 risk loci (3 loci from
first GWAS and 8 loci from second GWAS in
addition to confirming the 3 previously identi-
fied loci). Further, a TDT performed to study the
association between PCOS trios and all the SNPs
in the susceptibility loci from first and second
GWAS, confirmed the association of rs13429458
(THADA) from first GWAS (Zhao et al. 2012)
and rs2349415 (FSHR) and rs3802457 (c9orf3)
from second GWAS (Zhao et al. 2015) with PCOS.
Following the Chinese GWAS studies, several
replicate studies were performed in other ethnic
populations. Atwo stage GWAS in Korean wom-
en identified only moderately associated loci in
the first study, but in the second stage study, a
promising risk locus on chromosome 8g24.2 in
KHDRBS3 gene was identified (Lee et al. 2015).
The European GWAS (Day et al. 2015; Hayes et
al. 2015) identified two novel loci- 8p32.1
(GATA4/NEIL2) and 11p14.1 (FSHB/ARL14EP)
and one locus 9922.32 (c9orf3/FANCC), which
was already reported in the first study of Chi-
nese (Shi etal. 2012). The second GWAS iden-
tified six signals (Day et al. 2015) of which three
were previously reported and three novel-
rs1351592 located on 2934 (ERBB4/HER4);
rs13164856 located on 5931.1 (RAD50) and
rs1275468 located on 12¢g21.2 (KRR1). The fore-
going observations suggest the possibility of
identifying unique patterns of genetic suscepti-
bility to PCOS among different ethnic and/or
geographic populations. For detailed account
on the global status of genetic research on
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PCOS, one may refer to the recent review by
Mykhalchenko et al. (2017).

Research on the Polycystic Ovary Syndrome in
the Indian Context

Due to urbanization and changing lifestyles,
there has been an increasing prevalence of PCOS
in the recent decades in India and other devel-
oping countries. The recent reports from the In-
dian infertility clinics suggest that ~ 60 percent
of those coming to these clinics suffer from PCOS
and the overall prevalence is estimated at ~ 20
percent among the Indian women in reproduc-
tive age (Malathy 2016). It’s such an emerging
health problem of national concern that the In-
dian Council for Medical Research (ICMR) has
recently inaugurated a special clinic at National
Institute for Research in Reproductive Health
(NIRRH), Parel, Mumbai, with an idea of evolv-
ing model PCOS clinics that can be replicated in
public hospitals across the country. The South
Asian women were reported to have more se-
vere reproductive and metabolic complications
than the other ethnic groups. For instance, South
Asians with PCOS have higher degree of hirsut-
ism, infertility and acne and seek medical care at
an earlier age for reproductive abnormalities. Like-
wise they also exhibit a higher prevalence of
insulin resistance and metabolic syndrome than
the other ethnic groups with similar BMI (Meh-
ta et al. 2013). Before focusing on the outcome
of genetic association studies of PCOS, a brief
overview of the outcome of clinical and other
epidemiological studies in India are provided for
the sake of an overall understanding of the re-
search on this syndrome.

Clinical Studies on PCOS from India

There have been a large number of clinical
studies on the Indian populations as compared
to the genetic association studies. These stud-
ies have examined various aspects in relation to
PCOS and the findings are briefly outlined in the
Supplementary Table 1, which suggest higher
incidence of insulin resistance, T2DM, dyslipi-
demia, oxidative stress, carotid intima medial wall
thickness (CIMT) in PCOS as compared to the
normal women. Also, the dysregulation in plas-
ma amino acid, carbohydrate/lipid and purine
and protein metabolism was found among them.
The association of increased psychological dis-
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tress with endocrine disturbances, hypothyroid-
ism, Grave’s disease, sleep disorders and in-
creased metabolic risk was observed in PCOS
women. The reviews of clinical aspects of PCOS
among the Indians were attempted by Allahba-
diaand Merchant (2008) and Keziya et al. (2017),
whereas the review of multi-omic studies dis-
secting pathophysiology of PCOS was done by
Sagvekar et al. (2018). Further, studies concern-
ing the role of anti mullerian hormone (AMH) in
the diagnosis of PCOS (Singh and Singh 2015),
relationship between bone mineral density and
hormonal changes in PCOS (Krishnan and Muth-
usami 2017) and pathophysiological mechanisms
linking periodontal disease and PCOS (Tanguturi
and Nagarakanti 2018) were also undertaken.

Studies on Adolescent Girls

A few studies on the prevalence of PCOS
among the Indian adolescents and young girls
(Bhattacharya and Jha 2011; Nidhi et al. 2011;
Gill etal. 2012; Joshi et al. 2014) were undertaken
and the prevalence was estimated to be 9.13 per-
cent among them (Nidhi et al. 2011). Besides the
prevalence studies, other problems like menstru-
al irregularity (Nair et al. 2012), euthyroid chron-
ic lymphocytic thyroiditis (Ganie et al. 2010),
sympathovagal imbalance and neurophysiolog-
ic cognitive assessment using evoked poten-
tials (Velusami and Sivasubramanian 2018) were
investigated in adolescents.

Other Studies

An epidemiological survey on predisposing
factors of PCOS in the urban and rural south
Indian populations showed urban women are
prone to get PCOS more frequently than rural
women and that the positive family history to
have strong association with PCOS (Vidya et al.
2017). Considering autosomal dominant nature
of PCOS in females, it has been suggested that
same can be expressed in males as premature
androgenic alopecia (AGA) (Duskové et al. 2004).
With reference to similarity of hormonal profiles
of men with premature AGA and PCOS in wom-
en, hypothesis of existence of a male PCOS equiv-
alent in men with premature AGA was put for-
ward and investigated in India (Narad et al. 2013;
Sanke et al. 2016). Further, a meta-analysis on
Ischemia modified albumin (IMA) levels sug-
gests that it could be considered as a marker for
increased oxidative stress in PCOS (Seshadri et

al. 2018). The effects of certain drugs like Met-
formin, ethinyl estradiol, desogestrel, letrozole,
inositols and a few others have also been exam-
ined in PCOS women for the management of the
disease. Further, a Knowledge base for genes,
diseases, ontology terms and biochemical path-
ways associated with Polycystic Ovary Syn-
drome (PCOSKB) was developed (Joseph et al.
2016). Another online resource, Polycystic Ova-
ry Syndrome Data Base (PCOSDB) was devel-
oped which contains manually curated informa-
tion from 234 published sources (Jesintha et al.
2016). The Indian Fertility Society (IFS) found-
ed in 2005 published the first practice guideline
on the management of PCOS in the country. They
have recommended one clinical and one bio-
chemical index as risk factors for developing
PCOS (Malik etal. 2016).

Indian Genetic Studies
Procedures for Data Compilation

The literature search for PCOS genetic stud-
ies in India was done in PubMed database and
Google website (www.google.com) and a hum-
ber of pertinent International and Indian jour-
nals using keywords such as ‘PCOS’/ ‘polycys-
tic ovary syndrome’, ‘India’, ‘genetic research’,
‘association studies’ and ‘candidate genes’ in
various combinations. Further, for papers with
no provision for free online access, the respec-
tive authors were contacted with request for PDF
version of the articles. The last search was per-
formed on February 28" 2019.

Observations on the Indian Genetic Studies

The genetic studies of PCOS in India are lim-
ited and restricted to samples from a few major
cities (Fig. 2). While the control samples were
recruited from the general population of the re-
spective areas, the sources of case sample col-
lection for different sampling units within each
of these cities along with the sample sizes are
furnished in Table 3. Whereas six independent
samples were investigated from Hyderabad met-
ropolitan area itself, five samples from Chennai,
two each from Delhi, Kolkata and Coimbatore
and one each from Mumbai, Amritsar, Rohtak,
Mangalore, Varanasi and Kashmir were studied.
However, broadly speaking, the genes/SNPs
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Fig. 2. The geographic distribution of PCOS studies in India. The alpha numeric characters represent
independent study units of the respective locations. $ Mixed Sample: CV-Chennai and Varanasi CMK-

Coimbatore and Kerala

considered in different samples from the same
city and/or among different city samples in In-
dia are largely non-overlapping. The results on
the nature of association of different genes/SNPs
with PCOS are presented in Table 4, and dis-
cussed according to different pathways. The
initial genetic studies on PCOS have focused
primarily on hyperandrogenism and ovarian
dysfunction related candidate genes (M1-Anu-

rupa et al. 2004; H5-Babu et al. 2004; H1- Das-
gupta et al. 2010, 2012b, 2012c; Rajender et al.
2013). However, there has been a gradual shift
towards studying the genes implicated in meta-
bolic aspects of the disease due to its associa-
tion with insulin resistance, hyperinsulinemia
and obesity, which increase the risk for devel-
oping T2DM, CVDs and endometrial cancers.
Till date, about 104 variants belonging to 52
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Table 3: Study locations with respective sources of case sample collection for the PCOS studies in

India
Study Sampling  Source of Sample size”
population unit case samples Case/control
Kashmir,Jammu KS1 Department of Endocrinology, Sher-i-Kashmir, Institute 220/220
and Kashmir of Medical Sciences (SKIMS)
Amritsar,Punjab Al Hartej Hospital 250/250
Rohtak,Haryana R1 Pandit Bhagwat Dayal Sharma Post Graduate Institute of 200/200
Medical Sciences (PGIMS)
New Delhi ND1 Department of Gynecology and Obstetrics and HAH 95/45
Centenary Hospital
ND2 Vardhman Mahavir Medical College and Safdarjang Hospital 50/50
Varnasi,Uttar pradesh V1 Information not given 92/97
Kolkata, West Bengal K1 Burdwan Medical College and National Medical College 75173
K2 ILS hospital 125/82
MumbaiMaharashtra M1 National Institute for Research in Reproductive Health 516/424
(NIRRH), Seth GS Medical College and KEM Hospital
Hyderabad, Telangana H1 Osmania General Hospital, Anu Test Tube Baby Centre 250/299
H2 Modern Government Maternity Hospital 281/299
H3 Infertility Institute and Research Centre (I1IRC) 126/130
H4 Different obstetrics and Gynecology Centres 204/204
H5 IIRC 180/72
H6 Owaisi Hospital and Research Centre 219/272
Mangalore,Karnataka MN1 Kasturba Medical College, Mangalore 100/100
Chennai,Tamilnadu C1l ARC Research and Fertility Centre 30/30
C2 Information not given 169/169
C3 SMART clinic, Department of Reproductive Medicine 97/101
C4 Information not given 43/43
Cv® Maaruthi Medical Centre and Hospitals (Erode) 261/256
Coimbatore, Tamilnadu CMKS® Health Centre and Private Fertility Clinic 282/200
CMm1 Tertiary Care Hospital 75175

“The maximum sample size; sample size may vary in different publications based on the same unit of study; study
wise sample size can be found from Table 4. $-Mixed sample-(CV-Chennai and Varanasi; CMK-Coimbatore and

Kerala)

genes of various pathways have been studied
among the Indians and the relative proportions
of genes studied from different pathways are
presented in Table 5. \ery few studies have con-
sidered the genes belonging to both reproduc-
tive and metabolic pathways (H1-Dasgupta and
Reddy 2013; M1- Dadachanji et al. 2015, 2018;
Shaikh et al. 2016; H3-Siddamalla et al. 2018a,
2018b; Reddy TV etal. 2018). Further, based on
15 most significant SNPs of the nine T2DM
genes screened in a sample of 250 PCOS women
and similar number of controls from Hyderabad-
H1, Reddy BM et al. (2016) addressed the issue
of lack of association of type 2 diabetes related
genes with PCOS earlier observed in other eth-
nic groups and found concurrent results in the
population of Hyderabad, which prompted them
to surmise if this phenomenon of lack of associ-
ation is not universal. Based on the above re-
sults, it was also hypothesized that (1) there
could be other T2DM genes (other than those

considered in their study) that play a more sig-
nificant role in PCOS and (2) it may not be diabe-
tes genes per se but their interaction with more
crucial reproductive pathway genes that might
play a role in the manifestation of PCOS. In or-
der to test these hypotheses, the researchers
are currently exploring a large set of 92 SNPs
genotyped in the same cohort and representing
both metabolic and reproductive pathway genes
to examine if any of the type 2 diabetes genes or
their interactions with reproductive pathway
genes were significantly associated with PCOS,
which may help in the process of establishing
probable universality of the pattern of lack of
association of T2DM genes with PCOS. A cou-
ple of studies have also focused on epigenetic
mechanisms by X-Chromosome inactivation
pattern by considering CAG repeats but associ-
ation was not observed (Dasgupta et al. 2010;
Rajender et al. 2013), even in the subsequent
meta-analysis (Rajender et al. 2013).
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Table 5: The relative percentage of PCOS genes from different pathways studied in India

S. No. Pathway

Genes studied

Variants studied

No. (%) No. (%)
1 Reproductive pathway genes 11 (21.15%) 20 (19.23%)
2 Type 2 Diabetes genes 14 (26.92%) 32 (30.77%)
3 Chronic inflammatory pathway genes 8 (15.38%) 12 (11.54%)
4 Obesity related genes 4 (7.69%) 6 (5.76%)
5 Tumor suppressor genes 3 (5.76%) 4 (3.85%)
6 Vitamin D related genes 3 (5.76%) 10 (9.61%)
7 Other candidate genes 9 (17.30%) 20 (19.23%)
Total 52 104

Reproductive Pathway Genes

Hyperandrogenism is one of the key charac-
teristic manifestations of PCOS and the genes
related to steroidogenesis like CYP1AL,
CYP11A1,CYP17Aland CYP19A1 have been
studied for their association with the syndrome.
The CYP1AL gene polymorphism-rs6235, (Ta-
ble 4) were explored in two population samples,
from Hyderabad-H5 (Babu et al. 2004) and Vara-
nasi-V1 (Jain et al. 2015) and found to be not
significantly associated with PCOS. While the
CYP11A1 repeat polymorphism was associated
with PCOS in the Hyderabad-H2 sample (Reddy
KR etal. 2014) and confers risk, the penta nucle-
otide polymorphism in the promoter region and
the exons 3, 4 and 9 of this gene were not asso-
ciated with PCOS in the Mumbai-M1 sample
(Anurupa et al. 2004), which was too small (30)
to accord any statistical power. The rs743572 of
CYP17A1 in Amritsar-Al sample (Kaur et al.
2018) and C/T polymorphism in the promoter
region of the same gene in Kolkata-K1sample
(Banerjee et al. 2016) were not associated with
PCOS. Further, the M1 study investigated pro-
moter region polymorphisms of CYP11A1 and
CYP17A1 genes and observed significantly high-
er means of the testosterone levels in PCOS cas-
es than controls (Pusalkar et al. 2009). On the
other hand, the allelic association of three SNPs
of CYP19A1-rs700519, rs2414096 and rs6027
1534- in H2 sample (Ranjith et al. 2015) and two
of the above three SNPs- rs700519 and rs2414096-
in Amritsar-A1 sample were not significant. Fur-
thermore, sequencing all the exons of FST gene
in the H1 sample of Hyderabad, while Dasgupta
et al. (2012c) found no variants, of the seven
variants of LH 3 gene in the same sample only
rs1056917-C was found to be significant with
risk conferring nature towards PCOS (Dasgupta

etal. 2012b). Also, the rs2293275-G of LHCGR
gene was found to be significant with risk for
PCOS in the H4 sample of Hyderabad (Thathapu-
di et al. 2015a).Three variants of FSHR in C3
sample (Kambalchenu et al. 2014) and one vari-
ant, rs6166-G which is common to C3 was ex-
plored in H4 sample (Thathapudi et al. 2016) and
found to be significant only in the latter with
protective nature. Further, of the two variants of
HSD11B1 gene studied in Mangalore-
MNZ1sample, only rs12086634-G was found to
be associated with risk for PCOS (Devang et al.
2018).The variant rs6259 of SHBG gene was not
associated with PCOS in Rohtak-R1 sample
(Bhatnager et al. 2019). A review and meta-anal-
ysis of a few variants of SHBG gene suggested
that the lower serum SHBG levels were associat-
ed with PCOS risk (Deswal et al. 2017).

Metabolic Pathway Genes

PCOS is also associated with several meta-
bolic co-morbidities like insulin resistance, obe-
sity, T2DM, CVDs and metabolic syndrome.
Therefore, genes related to T2DM, obesity, cor-
onary diseases have been explored. A signifi-
cant association of obesity rather than raised
testosterone with dyslipidemia in PCOS women
was observed in a North Indian study (Maitra et
al. 2001). Given that Asian Indians are insulin
resistant and prone to metabolic syndrome at an
earlier age, Sundararaman et al. (2003) investi-
gated glucose/insulin ratio and IMT (intimal
median thickness) and observed that South In-
dian women with reproductive abnormalities of
PCOS have greater insulin resistance and IMT.
The incidence of diabetes is high in India and
therefore this feature was considered in few stud-
ies of India. The prevalence of polycystic ova-
ries was found to be higher in diabetic subjects
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as compared to the non-diabetic subjects in
North Indian women (Zargar et al. 2005). Insulin
resistance is also associated with dyslipidemia
in PCOS women, which was independent of obe-
sity (Kalra et al. 2006). Further, the status of
molecular events underlying insulin resistance
and the contribution of insulin signaling path-
way genes in the pathogenesis of PCOS was
reviewed by Mukherjee and Maitra (2010).

a. T2DM Related Genes

Given the shared pathophysiology of PCOS
and diabetes, both these conditions demonstrate
insulin resistance and compensatory hyperin-
sulinemia. The diabetic perspective of PCOS was
assessed by Reddy BM et al. (2016) considering
15 T2DM related SNPs belonging to genes like
INS, INSR, HHEX, TCF7L2, INSL3and SLC30A8
in the population of Hyderabad-H1 but failed to
find significant association. The same sample
was also explored earlier for certain SNPs of
CAPN10, IRS1 and PPARY (Dasguptaetal. 2012,
2012d) and the Chennai-C2 study (Thangavelu
et al. 2017) subsequently investigated variants
belonging to CAPN10, INS, INSR, IRS1 and
IRS2. The variant rs7903146 of TCF7L2, which
was already explored in H1 study did not show
any association even in the C4 sample (Prabhu
et al. 2018).The five variants of CAPN10-
rs2975760, rs3792267,rs2975762, rs3842570 and
rs5030952 in H1 population, one variant
rs3792267 in H4 which was restudied (Thathapu-
di et al. 2015b) and the two more variants-
rs2975766 and rs7607759 explored in C2 were not
significantly associated with PCOS. The INSR
variant rs1799817-T was studied in C2 as well as
in the New Delhi-ND2 population (Gango-
padhyay et al. 2016) and was found to be signif-
icantly associated only in the ND2 population
albeit with protective nature towards PCOS. Fur-
ther, the C/T polymorphism in the exon 17 of
INSR gene was not associated with PCOS in
Mumbai-M1 sample (Mukherjee et al. 2009). The
variantrs1801278-A of IRS1 was studied in H1
(Dasgupta et al. 2012d) and C2 populations and
found to be associated with risk conferring na-
ture towards PCOS only in the C2 sample from
Chennai.

The rs680-G of IGF2 gene in H4 sample (Su-
jatha et al. 2016) was significantly associated
with much higher risk for PCOS. Further, the INS
variant-rs689 and IRS2 variant-rs1805097 in C2
and 4 variants of INSL3- rs2286663, rs1047233,
rs6523 and rs1003887 studied in M1 sample

KUMUDA IRGAM AND B. MOHAN REDDY

(Shaikh et al. 2016) were not associated with
PCOS. Five studies have explored the variants
of PPARYyinthe H1, H2, C2, M1 and Coimbatore-
CM1 samples (Dasgupta et al. 2012d; Shaikh et
al. 2013; Deepika et al. 2016; Raichel et al. 2016;
Thangavelu etal. 2017). Interestingly, rs1801282-
G was studied in all populations and rs3856806-
T studied in H1, C2 and M1 populations. Both
SNPs were found to be significantly associated
with PCOS but protective in nature in the H1
and M1 samples.

b. Chronic Inflammatory Pathway Genes

PCOS is a pro-inflammatory state disease and
genes related to chronic inflammation might con-
tribute to the manifestation of PCOS via an in-
ter-mediatory role among hyperandrogenism,
obesity, insulin resistance and anovulation (Oje-
da-Ojeda et al. 2013). Therefore, genes like CD14,
TLR4, IL-1B, IL-1Ra, IL-6, TNF-o.and ICAM-1
were investigated. The variants rs2569190-T of
CD14 and rs4986790-G of TLR4 gene were found
to be associated with significant risk in the H6
sample (Allauddin and Rozati 2017). While the
variants rs1764391-T of Connexin 37 and
rs1800795-C of IL-6 were found to be associated
with PCOS in H3 sample (Tumu et al. 2013; Guru-
vaiah et al. 2016), rs1799724-T of TNF—o. was
associated in H4 sample (Thathapudi et al. 2014),
albeit protective in nature. However, the vari-
ants TNF—o (rs1799964 and rs1800629) in H2
study (Deepika and Ranjith 2013) and those of
IL-1B and IL-1Ra in ND1 sample (Nadia et al.
2017) were not associated with PCOS. Never-
theless, Deepika et al. (2016) in the H2 sample
explored the association of rs1801282 of PPARY
and rs1799964 of TNF-o with BMI in PCOS and
revealed that the over-expression of PPARY in
the absence or lower levels of TNF-o. increases
PCOS risk. Further, of the five variants of TNF- o
explored in R1 sample three were restudied in
the H2 and H4 samples, and only rs361525-A
was found to be associated with protective na-
ture for PCOS in the R1 sample (Bhatnager et al.
2018a). The variants of ICAM-1 gene, rs1799969
and rs5498, were not associated with PCOS in
Kashmir-K1 population (Douhath et al. 2016;
2017).

c. Obesity Related Genes

Very few studies in India have explored the
association of obesity related genes with PCOS.
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Two variants of ADIPOQ gene -rs2241766 and
rs1501299- were not associated with PCOS in
the mixed Coimbatore and Kerala samples-CMK
(Nambiar et al. 2016). The rs2197076 of FABP1
gene which affects hepatic lipid accumulation
and results in altered lipid metabolism (Xue et al.
2015) was studied in ND1 population and was
not found to be associated with PCOS (Nadia et
al. 2017). The exons 1, 2 and 3 of Leptin gene
were screened in M1 population but no associ-
ation was observed (Anurupa et al. 2004; Pus-
alkar et al. 2010). However, irrespective of the
obesity status, leptin levels were higher in PCOS
cases indicating that increased BMI/obesity
may not be the only factor contributing to ele-
vated levels of Leptin. Overall, the results sug-
gest that androgen and leptin levels are in-
creased in PCOS and obesity. It demonstrates
that obesity is a confounding factor for hyper-
androgenaemia irrespective of their PCOS sta-
tus. The H3 study explored 3 variants of PGC-
1o~ rs8192678, rs1313226 and rs2970856, of which
rs8192678-A was found to be associated with
risk conferring nature towards PCOS (Reddy TV
etal. 2018).

d. Tumor Suppressor Genes

Tumor suppressor genes- BRCA1, BRCA2
and TP53 were explored for their association with
PCOS in H3 population (Siddamalla et al. 2018a).
While the rs71361504 (mutant) as non-risk and
rs3092986-C as risk conferring variants of BRCA1
were found to be significantly associated with
PCOS, the rs206118 of BRCA2 was not. The
rs1042522-C of TP53 was also found to be sig-
nificantly associated as risk conferring variant
for PCOS in this population.

e. Vitamin D Related Genes

The Vitamin D receptor (VDR) regulates vi-
tamin D levels and calcium metabolism in the
body and these are associated with endocrine
dysfunctions, insulin resistance and type 2 dia-
betes in PCOS. The genetic studies on VDR poly-
morphisms in PCOS women are sparse (Dasgup-
ta and Reddy 2008). The three studies- H1 (Das-
gupta et al. 2015), H3 (Siddamalla et al. 2018b)
and K2 (Dipanshu and Ratnabali 2015) have ex-
plored seven variants of which only the
rs7975232-C was explored in all the three sam-
ples and found to be associated as risk variant

only in H3 study. Likewise the rs731236-C stud-
ied in H1 and H3 samples was associated only in
H3 sample with risk for PCOS but rs2228570 ex-
plored in H1 and K2 was not associated. How-
ever, the rs11568820-A (non-risk) in H1 and
rs1544410-G (risk) in H3 were associated with
PCOS. A review and meta-analysis of some of
the VDR gene variants showed FOK1 polymor-
phism as a risk factor for PCOS (Deswal et al.
2018). Further, the rs7041 and rs4588 of VDBP
gene and rs2060793 of CYP2R1 gene were not
found to be associated with PCOS in ND2 pop-
ulation (Haldar et al. 2018).

Other Candidate Genes

The mitochondrial D-loop region was inves-
tigated in H3 population and among 19 poly-
morphisms tested for their association with
PCOS, only 2 were found to be significant (Red-
dy TV et al. 2019). The TFAM polymorphism-
rs1937 (Reddy TV etal. 2018) and two polymaor-
phisms of VEGF gene (Guruvaiah et al. 2014)
were also explored in the same sample from Hy-
derabad and only one of those at +405 G>C 5'
untranslated region of VEGF gene was found to
be associated as protective towards PCOS. The
variant rs1801133 of MTHFR gene, which is in-
volved in amino acid processing was examined
in mixed samples of Chennai and Varanasi- CV
(Carlus etal. 2016) and in a sample of V1 popula-
tions (Jain et al. 2012) but was not found to be
significant. Further, a meta- analysis of CV study
sample with others of Caucasians, Asians and
Turkish origin also supported the lack of asso-
ciation of this variant with PCOS. A novel muta-
tion (-24C/T) in the promoter region of PON1
gene which is an antioxidant and is involved in
many metabolic diseases (Turgut et al. 2016) was
reported in 6 PCOS and 3 control samples in M1
study (Dadachanji et al. 2018) but these authors
could not find association of two SNPs of PON1
with PCOS in an earlier study (Dadachanji et al.
2015). The ACE gene I/D polymorphism in H2
(Deepikaetal. 2013), PAI-1 SNP, rs1799889, in
Clsample (Mary etal. 2017) and the rs267606943
of PEPD gene studied in R1 sample (Bhatnager
etal. 2018b) were also not associated with PCOS.
Further, three variants of RETN gene were ex-
plored in the mixed sample of Coimbatore and
Kerala-CMK, of which rs1862513-G was associ-
ated with risk and rs3745367-A in protective roles
towards PCOS (Nambiar et al. 2016).
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CONCLUSION

Given the enormous ethnic, geographic and
linguistic heterogeneity of the Indian popula-
tions and that these populations possibly show
different patterns of genetic susceptibility to
complex diseases when compared to other eth-
nic groups, the genetic studies hitherto conduct-
ed are too few and too inadequately represent-
ed the Indian population in order to depict Indi-
an specific susceptibility profile of the PCOS
women in general. All together only 23 different
samples were studied from 11 major cities of In-
dia, more than 70 percent of which were repeat
samples from five cities: Hyderabad (6: H1- H6),
Chennai (5: C1- C4, CV),Coimbatore (2:
CM1,CMK), Kolkata (2: K1, K2) and New Delhi
(2: NDland ND2). The variation in sample sizes
is too large and within Mumbai sampling unit
(M1), the sample size for different studies varied
from 30 to 516 cases. With reference to studies
from New Delhi (ND1, ND2), Kolkata (K1), Vara-
nasi (V1), Chennai (C1,C4), Coimbatore (CM1)
and Hyderabad (H3), in particular, the sample
sizes were too small (30 to 98) to accord suffi-
cient statistical power to these studies. Howev-
er, most of the Indian studies used Rotterdam
criteria-2003 in recruiting PCOS cases except for
one study group in Hyderabad-H3 which used
Androgen Excess Society (AES) - 2006 criteria.

A relatively greater number of diabetes path-
way genes were studied followed by those of
reproductive pathway when compared to other
pathways. Also, relatively much wider spectrum
of variants belonging to different pathways was
explored in the population of Hyderabad when
compared to the other regions. Overall, only 29
of the 104 variants studied in different popula-
tions were found to be associated with PCOS
(p<0.05), eighteen of those being risk prone.
Further, these variants appear to be very mod-
estly associated and confer only minor effects
and therefore not causative, which is in congru-
ence with the general scenario hitherto observed.
Further, there was inconsistency in the associa-
tion of few SNPs belonging to FSHR, PPARY,
INSR, TNF-aand VDR genes that were screened
in more than one sample. The rs6166 of FSHR
that was associated in H4 was not found to be
significant in C4 sample. The PPARY-rs1801282,
associated with PCOS in H1 and M1 samples,
was not found significant in H2, CM1 and C2
studies. Similarly, rs3856896 was associated in
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H1 and M1 and not associated in C2 study. The
INSR -rs17999817 associated in ND2 was not
significantly associated with PCOS in C2 study.
Also, the TNF-0.-rs1799724 was not associated
in R1 but was observed to be significant in H4
study. Further, the variants of VDR gene stud-
ied in two samples of Hyderabad- H1 and H3-
and in one of the two samples from Kolkata (K2)
were associated with PCOS only in H3. This
kind of inconsistent results can be expected pri-
marily due to sampling and/or genotypic errors,
albeit the role of vastly different allelic frequen-
cies between the populations concerned can-
not be also ruled out. Most of the significantly
associated SNPs of PCOS in India have not been
replicated in another sample/population of In-
dia. Also the genetic studies explored only few
SNPs belonging to same gene or different genes
and entire gene was not considered. We could
also observe computational errors in the statis-
tical analysis of the genotypic data in a number
of studies.

RECOMMENDATIONS

Although multiple genes, environmental fac-
tors and their interactions play a role in the man-
ifestation of PCOS none of the studies hitherto
investigated the role of environmental factors
rigorously, which needs to be the focus of fu-
ture studies. In view of the phenotypic hetero-
geneity of this syndrome, it may be also perti-
nent to turn focus toward phenotype specific
genetic investigations to offset the problems
associated with confounding nature of the sam-
ples with mixed phenotypes. Further, given the
unique population structure and genetic sus-
ceptibility patterns of Indians, it is essential to
conduct large scale studies encompassing eth-
nic and geographic heterogeneity of the coun-
try so that a representative genetic susceptibil-
ity profile of the Indian PCOS women in general
can be derived. There has also been no GWAS
on Indian specific PCOS samples and it would
be imperative to conduct multiple GWAS in or-
der to unearth the unique susceptibility profile
of the Indian PCOS women, if exists.
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APPENDIX

Table 1: Clinical studies on PCOS in India along with the salient features of their findings. The reference
numbers under the table correspond to the serial numbers of different studies

S.  Studies Important findings

No.

1 Multidimensional relationship of mood pathology Higher prevalence of PCOS is observed.
with endocrine disturbances was examined.

2 Clinical, biochemical and metabolic parameters PCOS women with Phenotype A (oligo/anovulation/ +/
among different PCOS phenotypes and controls hyperandrogenism/ +/ polycystic ovaries) and B (/ oli-
were compared. go/anovulation +/ hyperandrogenism) lie at increased

metabolic risk compared to other phenotypes.

3 Correlations between anthropometric parameters and BMI and Waist Circumference are the most important
lipid profile in women with PCOS. anthropometric parameters correlated to dyslipidemia.

4 The role of Obesity in sleep-disordered breathing Testosterone-induced obesity is probably the common
women with polycystic ovary syndrome was pathway for the development of sleep disordered
examined. breathing in PCOS.

5 The serum metabolomic profile of Indian women Dysregulations in the expression of different metabo-
with PCOS and controls was investigated. lites in the serum of women with PCOS suggesting the

involvement of multiple pathways including amino
acid metabolism, carbohydrate/lipid metabolism, pu-
rine and pyrimidine metabolism and protein synthe-
sis.

6 The carotid intimo medial wall thickness (CIMT) of  Higher CIMT values were observed in PCOS group com-
PCOS was compared with controls. pared to control group indicating the importance for

measuring CIMT in women with PCOS to predict the
risk of cardiovascular dysfunction (CVD).

7 The impact of serum 250HD (25 hydroxy vitamins)  No significant correlation was observed.
levels on clinical, biochemical and insulin
sensitivity parameters in the lean Indian women
with PCOS was assessed.

8 The alterations in the levels of plasma amino acids Significant derangement in the levels of plasma amino
in women with PCOS was assessed. acids in women with PCOS was observed which might

be due to the oxidative and metabolic stress associated
with it.

9 To estimate the prevalence of abnormal glucose AGT was found to be high among young Indian women
tolerance (AGT) and analyze the role of oral with PCOS and that it is not predicted by family histo-
glucose tolerance test. ry of type 2 Diabetes Mellitus. OGTT (Oral Glucose

Tolerance Test) significantly improves the detection
rate of AGT among Indian women with PCOS.

10 Parameters like thyroid-stimulating hormone (TSH), Alteration in lipid metabolism and elevated HCY and
free triiodothyronine (FT3), tetraiodothyronine Lp(a) levels were present in women with PCOS, which
(FT4), total cholesterol (TC), triglycerides (TG), were independent of their thyroid status.
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C),
very low-density lipoprotein cholesterol
(VLDL-C) homocysteine (HCY), lipoprotein(a)

(Lp[a]) levels were assessed.

11 CVD risk in young women with PCOS using CIMT Young women with PCOS irrespective of their BMI have
and brachial artery flow mediated dilation (FMD) evidence for increased CVD risk as shown by increased
which are markers of subclinical atherosclerosis CIMT and a lower FMD.
was assessed.

12 Clinical features of PCOS in Indian women were PCOS occurs both in obese and non-obese women; AN
studied to characterize different phenotypes and hirsutism occur in equal proportion of patients
of this syndrome. Prevalence of acanthosis AN is correlated with obesity. Hormonal dysfunc-
nigricans (AN) as surrogate marker of insulin tions in PCOS manifested together or
resistance, obesity, hirsutism and hypothyroidism independently. PCOS women can be sub grouped based
in PCOS women have been simultaneously studied. on clinical features suggestive of endocrinological mal-

functions and can be investigated accordingly for se-
lection of appropriate treatment modalities.

13 Association of Graves disease and PCOS. The association of a rare disorder like Graves’ disease

with a relatively common disorder like PCOS is un-
likely to be because of a chance alone and may point
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S.  Studies Important findings

No
to a common aetiopathogenic linkage leaving a scope
for molecular characterization.

14 To evaluate the presence of microalbuminuria Screening for the presence of microalbuminuria can help
in women with PCOS and study its correlation with in early identification of a subset of PCOS women with
the various metabolic, clinical, and hormonal a high risk for future cardio vascular disease, who can
parameters. be subjected to preventive strategies at the earliest.

15 Psychological aspects of women with PCOS. Women presenting with PCOS had increased psycholog-

ical distress, which was related to smaller size of fam-
ily, and more severe physical manifestations of the
condition.

16 The relationship between insulin resistance and Subcutaneous fat, together with a family history of type
abdominal fat distribution was studied in Indian 2 diabetes mellitus, was the best marker of insulin
patients with PCOS. resistance.

17 To study the correlation between insulin resistance Insulin resistance is associated with dyslipidemia in wom-
and serum lipid profile in Indian women with en with PCOS, independent of obesity.

PCOS.

18 The prevalence of PCO and PCOS in women with A higher prevalence of PCO in women with T2DM as
diet and/or oral hypoglycemic treated T2DM and compared to non-diabetic subjects was demonstrated.
non-diabetic control women.

19 Dsyslipidemia in PCOS women with particular Confirms the trend toward dyslipidemia among women
emphasis on specific parameters of atherosclerotic with PCOS, particularly in parameters associated with
risk, and to assess the independent influence of cardiovascular risk. A significant association of obesity
obesity and hyperandrogenemia on these parameters. rather than raised testosterone with this dyslipidemia was

also confirmed.

20 The different patterns of glucose and insulin secretion The ethnic background of subjects with PCOS needs to
in women (of both Indian and white ethnic be considered in studies on the metabolic parameters in
backgrounds) with PCOS was determined. this condition.

21 The prevalence of anxiety and depression among Infertility and alopecia were associated with anxiety, while
women suffering from PCOS was studied. acne was associated with depression. Hirsutism was

associated with a lower psychological quality of life.

22 The independent attributes of hyperandrogenemia HA may independently attribute to an increased cardio-
(HA), the integral associate of PCOS, and HHcy vascular risk in PCOS; however, the coexistence of HHcy
(hyperhomocysteinemia) in causing atherogenic catalyzes the risk further.
dyslipidemia was investigated.

23  To evaluate the oxidant status and hsCRP (high Oxidative stress is present in women with PCOS along
sensitive C-reactive protein) levels in PCOS. with elevated hsCRP.

24 ldentification of differentially regulated proteins in Proteins indispensable for follicular growth were found
PCOS by comparing the follicular fluid protein to be differentially expressed in follicular fluid of wom-
repertoire of PCOS with healthy women. en with PCOS, which may in part explain the aber-

rant folliculogenesis observed in these women.

25 The anthropometric, biochemical and ultrasonographic Significant differences were observed among
characteristics of PCOS in Asian Indians of South PCOS subgroups. The PCOS subgroups with regular
India, using the Androgen Excess Society (AES- menstrual cycles (HA+PCO), had high insulin resis-
2006) diagnostic criteria was investigated. tance (IR) and gonadotropic hormonal abnormalities,

compared with the irregular menustration+
hyperandrogenism+polycystic ovaries subgroups and
controls.

26  The correlation between serum adiponectin levels Hypoadiponectinemia is present in one-fifth of women
and clinical characteristics and biochemical with PCOS. Adiponectin levels decrease as age advanc-
parameters in PCOS patients was assessed. es. Low levels of adiponectin possibly contribute to

the development of dermal manifestation (AN) of
insulin resistance.

27 The prevalence of clinical manifestations in obese PCOS emerges as a clinically heterogeneous condition

and lean polycystic ovarian syndrome (PCOS)
women and their health hazards was evaluated.

with increased prevalence of health risks such as hy-
pertension, diabetes and endometrial hyperplasia (EH).
Of these, diabetes and EH appear to be more prevalent
in the obese, putting them at a greater risk of morbid
problems at a much younger age than the lean ones.
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S.  Studies Important findings

No

28 The role of hypothyroidism in the etiology of PCOS  Comparative analysis of the results suggests that hy-
was explored. pothyroidism is invariably followed by a lowering of

sex hormone binding globulin and an increment in the
free testosterone level, but further metabolism of tes-
tosterone (T) may or may not be directed towards an
overproduction of estriol (E3).

29 The correlation between serum adiponectin levels Hypoadiponectinemia is present in one-fifth of women
and clinical characteristics and biochemical with PCOS. Adiponectin levels decrease as age advanc-
parameters in PCOS patients was studied. es. Low levels of adiponectin possibly contribute to

the development of dermal manifestation (acanthosis
nigricans) of insulin resistance.

30 To obtain evidence for the genetic basis of polycy The inheritance of PCO and PMPB is consistent with an
stic ovaries (PCO) and premature male pattern autosomal dominant inheritance pattern in PCOS fam-
baldness (PMPB) by screening first-degree relatives ilies, perhaps caused by the same gene. Men with
of women affected by polycystic ovary syndrome PMPB had higher serum testosterone than those
(PCOS). without. A spectrum of clinical phenotype in PCOS

families was observed.

31 To assess the prevalence of hirsutism and study Hirsutism is as common a problem in the Kashmir Valley
its etiology in the Kashmir Valley of the Indian (India) as elsewhere in the world. Idiopathic hirsutism
subcontinent. (38.7%), PCOS (37.3%), and postmenopausal state

(9.2%) are common causes of hirsutism.

32 To study the correlation between insulin resistance Insulin resistance is associated with dyslipidemia in wom-
and serum lipid profile in Indian women with en with PCOS, independent of obesity.
PCOS.

33 To find out the prevalence of metabolic syndrome The metabolic syndrome and its individual components
(MBS) in women with PCOS and assess their are common in PCOS, particularly among women with
strength of association. hyperinsulinemia and hyperandrogenism.

34  Correlation between serum lipid profile and carotid Carotid intima-media thickness was positively correlat-
intima-media thickness in PCOS was examined. ed with serum total cholesterol, triglyceride and LDL-C

and negatively correlated with serum HDL-C.This
study suggests that even young Polycystic Ovary Syn-
drome women are prone to atherosclerosis from early
age.

35 To establish the relation between PCOS and metabolic An incidence of 38% of metabolic syndrome was noted
syndrome in Karnataka. in PCOS cases.

36 To evaluate the prevalence of metabolic syndrome in Infertile women with PCOS, particularly those with age
women with polycystic ovary syndrome. >25 years or with central obesity (a waist hip ratio of

>0.85), are at a higher risk of developing metabolic
syndrome and should be offered screening tests.
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