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ABSTRACT The researchers studied association of 92 SNPs of the metabolic and reproductive pathways genes in
the obesity related cohorts of obese PCOS cases and non-obese controls, and non-obese PCOS cases and non-obese
controls and observed eleven SNPs to be significantly associated (p < 0.05). While eight of those SNPs, five from
FTO and one each from MTCH2, DENNDIA and THADA genes, were found to be associated in the first set
involving obese PCOS cases, only three SNPs (IRS2-intronic, LOC107984901-intergenic and SUMOZ1P1-regulatory
variants) showed association in the 2™ set involving non-obese cases. The SNPs associated in the two cohorts were
distinct and mutually exclusive. However, all the SNPs associated in either obese or non-obese PCOS cohorts were
not only risk-prone but also broadly represented a metabolic pathway, involving mostly obesity and T2DM related
genes, prompting one to surmise if the recent spurt in PCOS prevalence is not driven by changes in the lifestyles.

INTRODUCTION

Concurrent to the association of Polycystic
Ovary Syndrome (PCOS) with several co-mor-
bidities, obesity has been recognised from the
beginning as a common feature of this syndrome.
Its consistent association with PCOS may sug-
gest biological basis (Sam 2007), as implicated
in the fact that obesity was observed to exacer-
bate many of the reproductive and metabolic
abnormalities associated with PCOS (Kiddy et
al. 1992; Holte et al. 1995; Taponen et al. 2003;
Barber et al. 2006; Sam 2007). Therefore, it is
possible that similar or interrelated genes of
PCOS may also predispose obesity in the affect-
ed women (Barber et al. 2006). One way forward
is to design and focus on the obesity specific
association studies of PCOS and unfortunately
there have not been any hitherto. In this con-
text, it may be pertinent to mention that in a re-
cent paper based on the results of a large scale
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study (Irgam et al. 2019), the researchers have
analysed a comprehensive set of 92 SNPs from a
wide spectrum of variants belonging to repro-
ductive and metabolic pathway genes among
the PCOS women from Hyderabad and observed
only thirteen of the 92 SNPs, representing six
genes, to have been significantly associated with
PCOS (p<0.05). Out of those 13 SNPs, five be-
long to FTO gene and by far the most signifi-
cant (P=0.002) of the 13 SNPs was observed to
be rs10838738 of MTCH2, both these genes have
a putative role in high body mass index (BMI)
and general obesity (Willer et al. 2009). Further,
after adjusting for BMI as covariate, the re-
searchers found twelve of the 13 SNPs except-
ing rs1421085 of FTO gene to lose significance,
suggesting possible confounding nature of the
effect of obesity as phenotype or through its
quantitative trait loci. Therefore, in the process
of identification of the primary causes of the
PCOS and its underlying molecular mechanisms,
it is imperative to re-examine the patterns of ge-
netic association of these 92 SNPs in the obesi-
ty related cohorts of PCOS samples so that the
patterns of genetic association of obese and non-
obese PCOS women can be ascertained. The re-
searchers present here the salient features of
the findings based on the analyses of the above
92 SNPs in the obesity specific subsets of the
pooled cohort of obese PCOS cases and non-



2

obese controls, and non-obese PCOS cases and
non-obese controls.

MATERIAL AND METHODS

The current study is a part of the major project
entitled, “Identification of susceptibility genes
associated with PCOS among the South Indian
women” initiated during 2007 by the correspond-
ing author when he was in the Molecular An-
thropology Group of Biological Anthropology
Unit, Indian Statistical Institute, Hyderabad, for
which 250 primary PCOS cases and 299 controls
were enrolled during 2008-2009.The patients
were recruited from the gynaecology clinic of
the Osmania General Hospital and Anus Infertil-
ity Clinic from Hyderabad, India, as per the Rot-
terdam criteria (2003). Metabolic and hormonal
parameters, epidemiological data and clinical in-
formation have been collected from each sub-
jectalong with ~5 ml of intravenous blood sam-
ples, which were drawn by a trained laboratory
technician. Blood samples and the background
information were collected after obtaining in-
formed written consent prior to their enrolment
in the study. The study protocol was approved
by the Indian Statistical Institute Review Com-
mittee for Protection of Research Risks to Hu-
mans. Further details on the sampling procedure
and the inclusion and exclusion criteria for the
cases and controls, laboratory methods of DNA
isolation and genotyping along with the list of
92 SNPs and the primer sequences for each of
those were already reported in a recent paper
(Irgametal. 2019).

Out of the total sample of 250 cases and 299
controls, the researchers had BMI data for 167
cases and 232 controls. Further, thirty-seven of
the 232 controls were found to be obese, hence
excluded from the analyses to avoid the possi-
ble effect of confounding. Finally, for the present
study, the 167 cases and 195 controls were dis-
tributed into two subsets of obese and non-
obese cases along with non-obese controls and
all the relevant statistical analyses were per-
formed on each of the two subsets. The statisti-
cal methods and packages used for the analy-
ses of these subsets were the same as in our
previous publication (Irgam et al. 2019).
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RESULTS

The Nature of Allelic and Genotypic
Association of SNPs in the Obese and
Non-obese PCOS Subsets

After excluding the SNPs that showed minor
allele frequency of less than one percent and/or
deviated from Hardy Weinberg Equilibrium
(p<0.001), the researchers were left with 75 and
73 SNPs respectively, of the total 92 SNPs for
further analyses of the two subsets. The results
of logistic regression analyses of the alleles for
the two subsets are furnished in Tables 1 and 2.
The allelic association analyses of the obese
(Table 1) and non-obese (Table 2) PCOS sub-
sets resulted in only 8 and 3 SNPs respectively,
as significantly associated with PCOS (p <0.05),
albeit none after correction for multiple testing
suggesting minor nature of the effect of these
variants/genes, adjusting for age and socioeco-
nomic status as covariates did not alter the re-
sults of association (results not presented).
However, it is pertinent to note that all the SNPs
associated in both the subsets were risk prone
and belong mostly to the metabolic pathway
genes related to obesity (FTO, MTCH2), clath-
rin-mediated endocytic pathway (DENNDIA),
apoptosis (THADA) and type 2 diabetes (IRS2),
besides the other two with unknown function
(LOC107984901, SUMO1P1). While all the eight
associated SNPs in the obese subset and one of
the 3 in the non-obese subset (IRS2 SNP) were
from intronic regions of the respective genes,
the remaining two SNPs are from the intergenic
and regulatory regions. The results of the geno-
typic association analyses (Tables 3 and 4) are
complementary to that of the allelic association
patterns and based on the lowest AIC (Akaike
Information Criteria) value, the log additive mod-
el was found to be the best fit in case of all the
associated SNPs of the obese subset and in case
of the non-obese subset, while the IRS2 SNP
fits best under log additive model the other two
SNPs show best fit under dominant model.

SNP-SNP Interactions, Linkage
Disequilibrium and Haplotype Association

Despite relatively small sample sizes for the
subsets the researchers have in an exploratory
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Table 1: Allelic association of SNPs in the obese PCOS and non-obese controls with chi square and
odds ratio values from logistic regression analysis

Gene / SNP Major/ Minor allele frequency
nature of rs ID Minor 2 OR p- Function
SNP allele Obese Non- (95% CI)  value of the gene
PCOS obese
(N=104) controls
(N=195)

MTCH2 rs10838738 A/G 0.42 0.29 9.94 1.75 0.001 Adipocyte
Intron (1.23-2.49) differentiation
FTO rs1421085 TIC 0.40 0.29 7.89 1.65 0.004 Involves in DNA

(1.16-2.34) damage reversal
Introns rs8050136 C/IA 0.37 0.27 6.68 1.59 0.009 pathway and
(1.11-2.28) 0.011 FTO obesity
rs17817449 T/G 0.37 0.27 6.33 1.57 0.011 variant
rs9939609 TIA 0.37 0.28 4.90 1.49 0.026
(1.04-2.13)
rs9940128 GIA 0.46 0.37 4.23 1.42
(1.01-2.01) 0.039
DENNDI1A rs2479106 AIG 0.36 0.26 6.28 1.58
(1.10-2.27) 0.012 Vesicle-mediated
Intron transport and
RAB GEFs
exchange GTP
for GDP on
RABs
THADA rs12478601 T/C 0.43 0.35 4.01 1.42 0.045 Apoptosis
Intron (1.0-2.0)

Table 2: Allelic association of SNPs in the non-obese PCOS and non-obese controls with chi square
and odds ratio values from logistic regression analysis

Gene / SNP Major/ Minor allele frequency
nature of rs 1D Minor Ve OR - Function
SNP allele Non- Non- (95% CI1)  value of the gene
obese obese

PCOS controls

(N=63)  (n=195)
IRS2 rs12584136 C/A 0.07 0.02 8.51 3.64 0.003 Insulin signaling
Intron (1.44-9.19)
LOC rs4784165 TIG 0.34 0.24 4.91 1.63 0.026 Unknown
107984901 (1.05-2.52)
Intergenic
SUMO1P1 rs6022786 G/IA 0.51 0.40 4.76 1.56 0.029 Unknown
Regulatory (1.04-2.34)

spirit performed pair wise SNP-SNP interaction
analysis using PLINK, and GMDR to get all pos-
sible combinations of SNP interactions up to
five. While the researchers observed no signifi-
cant interactions between any pair of SNPs in
any of the two subsets, the GMDR results also
did not yield any combination of significant
multiple SNP interactions (results not present-
ed). The LD plots were obtained and the haplo-
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type blocks identified as per the procedure of
Gabriel (Gabriel et al. 2002). Haplotype analysis
(results not presented) yielded only one haplo-
type (ACGAA, constituted by 5 SNPS of FTO
gene: rs9940128, rs1421085, rs17817449, rs8050136
and rs9939609) being significantly associated in
the cohort of obese PCOS cases and non-obese
controls (OR=1.7, p<0.009).
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Table 3: Genotypic association of SNPs in the cohort of obese PCOS and non-obese controls with odds

ratios from logistic regression analysis

SNP Model Genotype Frequency
best fitted OR (95% CI) P value
Obese Non-
PCOS obese
(N=104) controls
(N=195)
rs10838738 log additive - - - 1.73(1.22-2.46) 0.002
rs1421085 log additive - - - 1.70(1.18-2.45) 0.004
rs8050136 log additive - - - 1.59(1.11-2.27) 0.011
rs17817449 log additive - - - 1.57(1.10-2.25) 0.013
rs9939609 log additive - - - 1.49(1.04-2.14) 0.028
rs9940128 log additive - - - 1.43(1.02-2.02) 0.039
rs2479106 log additive - - - 1.58(1.10-2.27) 0.013
rs12478601 log additive - - - 1.4(1.00-1.95) 0.051

Table 4: Genotypic association of SNPs in the cohort of non-obese PCOS and non-obese controls with

odds ratios from logistic regression analysis

SNP Model Genotype Frequency
best fitted OR (95% CI) P value
Non- Non-
obese obese
PCOS controls
(N=63) (N=195)
rs12584136 log additive - - - 3.43(1.36-8.64) 0.015
rs4784165 Dominant GIT-GIG 0.62 0.43 2.15 (1.2-3.84) 0.009
TIT 0.38 0.57 - -
rs6022786 Dominant G/A-AIA 0.77 0.63 2.05(1.06-3.97) 0.027
GIG 0.23 0.37 - -

Cumulative Risk Score Analysis

The combined genetic risk score for each
individual was calculated to determine the ef-
fect of the risk of significant SNPs (8 SNPs in
obese and 3 SNPs in non-obese). The weighted
mean proportion of the associated SNPs was
computed by considering 2 for two risk alleles, 1
for single risk allele and 0 when there is no risk
allele with weights as relative log odds ratios
with respect to different SNPs. By multiplying
allelic risk score with the total number of SNPs,
the cumulative risk score for an individual was
obtained. The risk scores ranging from 0-13.9
were grouped into 13 risk categories in case of
obese set and the limited risk score range of 0-
5.9 into five categories in the non-obese set. By
considering risk category 1 as reference, odds
ratios for the remaining categories were calcu-
lated in each of the two subsets. The results of
logistic regression analyses of the risk catego-
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ries in the obese and non-obese PCOS cohorts
are given in Tables 5 and 6. Although there was
no systematic pattern of increase in the odds
ratios with increasing risk score/category, the
higher risk categories generally displayed a rel-
atively greater proportion of cases as compared
to the controls suggesting significant risk for
PCOS. The area under the curve (AUC) yielded
by the receiver operator characteristic (ROC)
curve analysis is highly significant (p <0.0001)
for each of the two subsets (Fig. 1), possibly
suggesting some degree of predictive value of
the risk variants for PCOS.

DISCUSSION

The obese PCOS women are characterised
by severe hyperinsulinemia and insulin resis-
tance and lower SHBG levels when compared to
non-obese PCOS women or controls. Further,
the presence of obesity, especially the abdomi-
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Table 5: The results of cumulative risk score analysis according to the risk categories in the cohort

of obese PCOS and non-obese controls

Risk category % of % of OR (95% CI) Z Score P value
(Risk score) individuals individuals

in obese PCOS in non-

(N=104) obese controls
(N=195)

1(0-0.9) 4.80 11.28 Reference - -
2(1-1.9) 2.88 13.8 0.47 (0.09-2.41) 0.90 0.36
3(2-2.9) 10.57 13.4 1.69 (0.44-6.46) 0.76 0.44
4(3-3.9) 13.46 7.17 4.08 (1.00-16.5) 1.97 0.04
5(4-4.9) 2.88 8.20 0.82 (0.15-4.50) 0.23 0.82
6(5-5.9) 4.80 9.74 1.10 (0.24-4.96) 0.12 0.90
7(6-6.9) 14.4 12.8 2.36  (0.64-8.68) 1.30 0.19
8(7-7.9) 10.18 5.64 4.40 (0.97-19.80) 1.92 0.05
9(8-8.9) 18.26 6.67 5.65 (1.43-22.20) 2.47 0.01
10(9-9.9) 3.84 3.07 2.93 (0.46-18.30) 1.15 0.24
11(10-10.9) 1.92 2.56 2.20 (0.23-20.30) 0.69 0.48
12(11-11.9) 7.69 3.58 5.86 (1.07-32.0) 2.04 0.04
13(12-13.9) 3.84 2.04 4.40 (0.59-32.5) 1.45 0.14

Table 6: The results of cumulative risk score analysis according to the risk categories in the cohort of

non-obese PCOS and non-obese controls

Risk category % of % of OR (95% CI) Z Score P value
(Risk score) individuals individuals
in non-obese in non-obese

PCOS controls

(N=63) (N=195)
1(0-0.1) 7.90 20 reference - -
2(0.2-0.9) 22.2 37.43 1.48 (0.56-3.94) 0.79 0.425
3(1-1.90) 55.5 39.4 3.52 (1.40-8.81) 2.69 0.007
4(2-2.90) 9.50 2.05 11.2 (1.97-63.9) 2.73 0.006
5(3-5.90) 4.60 1.02 12.5(1.25-124.4) 2.15 0.031

nal phenotype, appears to increase the avail-
ability of active androgens and oestrogens,
worsens hirsutism, disturbs menstrual cycle and
reduces fertility rate in the PCOS women (Teede
etal. 2001). Hyperinsulinemia contributes to ano-
vulatory infertility through the increased ovari-
an androgen secretion (Dunaif 1997). Insulin
enhances intraovarian steroidogenesis by inter-
acting with luteinizing hormone (LH), leading to
inappropriate granulosa cell functions and the
arrest of the follicular development (Franks et al.
1996). These cascading effects of the obesity
related disturbances exacerbate the reproduc-
tive and metabolic disorders of PCOS. The cen-
tral question that the researchers wanted to ad-
dress was how distinct are the patterns of asso-
ciation with reference to obese and non-obese
PCOS cohorts. Although the two sets display
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mutually exclusive sets of SNPs being associat-
ed, the obese set shows a much larger number
of 8 significant SNPs as against only three in
case of the non-obese subset. Six of the 8 SNPs
associated in the cohort of obese cases and non-
obese controls belong to obesity genes, FTO
and MTCHZ2, indicating that these SNPs may
contribute to the elevated BMI in PCOS. Fur-
ther, all the variants of FTO and MTCH2 and
other related genes associated in this subset
were risk in nature and possibly responsible for
triggering the manifestation of this syndrome
through their indirect role of exacerbating the
reproductive and metabolic disorders of PCOS.
The researchers surmise if this phenomenon was
not really responsible for the spurt in PCOS prev-
alence in recent times with increasing urbanisa-
tion and the change of lifestyles albeit precise
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Fig. 1. Receiver Operating Characteristic (ROC) curve
indicating the area under curve (AUC) characterizing
the discriminative powere of risk scores of obese and
non-obese PCOS subsets
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quantitative data pertaining to the lifestyle pa-
rameters and the evidence of their impact on the
body composition is required to be generated.
This seems plausible particularly because none
of the 31 SNPs from the reproductive pathway
genes included in this study or their interac-
tions with metabolic pathway genes were ob-
served to be significantly associated with the
syndrome either in obese or in non-obese sub-
sets. Further, the SNPs-rs2479106 from
DENNDZ1A gene (a gene coding for modifier of
guanine that is associated with multiple organ
dysfunctions like ovaries, hypothalamus, pitu-
itary and adrenal glands) and rs12478601 from
THADA gene (a thyroid adenoma gene associ-
ated with disorders of glucose metabolism, hy-
per secretion of LH, hyperandrogenism and dys-
lipidemia) were also associated with PCOS in
this subset. Nevertheless, it is pertinent to note
that all these SNPs are from the intronic regions
and their precise functional mechanisms cannot
be readily ascertained. On the other hand, of the
three associated SNPs in the non-obese subset
(Table 2), one (from intronic region) belongs to
IRS2 gene with a putative role in insulin resis-
tance and the other two SNPs, a intergenic vari-
ant rs4784165 that belongs to an uncharacter-
ised LOC107984901 and associated with DNA
modification, and a regulatory variant rs6022786
that belongs to SUMO1P1and involves in telom-
ere dysfunction. Overall, the associated SNPs are
from the metabolic pathway genes, none from the
reproductive pathway. Yet, the cumulative risk
scores and ROC curve analysis yielded highly
significant AUC (0.66 — 0.67; p < 0.0001) for the
risk variants in case of both obese and non-obese
subsets. Nevertheless, all these risk variants lose
significance after correction for multiple testing,
and hence their role in the manifestation of the
syndrome could be only of minor nature and can-
not qualify for causative/biomarkers with predic-
tive utility. Further, most of the significant SNPs
observed in this study were found to be associ-
ated with BMI and diabetes related traits like in-
sulin resistance and obesity in the PCOS women
and may not directly contribute to the reproduc-
tive aspects of the syndrome albeit the role of
interactions of these genes with that of the re-
productive pathway in the manifestation of PCOS
appears to be quite plausible.
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CONCLUSION

The researchers observed distinct and mu-
tually exclusive set of SNPs to be associated
with the obese and non-obese PCOS cohorts in
this study. Most of the significant SNPs ob-
served in this study were found to be associat-
ed with BMI and diabetes related traits like insu-
lin resistance and obesity in the PCOS women,
and may not directly contribute to the reproduc-
tive aspects of the syndrome albeit the role of
interactions of these genes with that of the re-
productive pathway in the manifestation of PCOS
appears to be a distinct possibility. Given that
all the 11 risk variants lose significance after
correction for multiple testing their role in the
manifestation of the syndrome could be only
minor in nature and cannot qualify as causative/
biomarkers with predictive utility.

RECOMMENDATIONS

The modest size of the samples for obesity
specific cohorts did not yield any significant
interactions and one should await specifically
designed large scale obesity specific cohort stud-
ies for any clear-cut inferences to be drawn on
the issues such as gene-gene and gene-envi-
ronment interactions involving multivariate anal-
ysis, and to reflect on the leads provided by this
study, in order to establish the role that obesity
and/or obesity related genetic variants play in
the manifestation of PCOS.
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