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PCOS (AUC = 0.605). To conclude, this study is suggestive 
of a protective role of Pro/Ala (CG) heterozygotes in PCOS 
and their possible association with insulin resistance and  
obesity. 
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INTRODUCTION

Infertility, a major problem in the urbanized world, 
(mostly anovulatory infertility) is most commonly caused 
by PCOS.1 It is characterized by oligo-ovulation or anovu-
lation, hyperandrogenemia and polycystic ovaries (≥ 12 
cysts) on ultrasonography.2 The diagnosis using revised 
Rotterdam criteria 2003, shows its worldwide prevalence 
to be between 5 to 10%.1 

Multiple risk factors associated with PCOS like 
inflammation, vitamin D deficiency, hormonal imbalance, 
genetic predisposition, etc., lead to hyperandrogenemia 
and insulin resistance.3,4 Insulin Resistance is seen in 
30 to 40% women with PCOS and hyperinsulinemia is 
observed in about 50 to 70% of women with PCOS.5,6 This 
occurs as a result of serine phosphorylation of insulin 
receptors on cells, which inhibits their tyrosine kinase 
activity. This leads to a reduction in GLUT-4 glucose 
transporters and hence reduced glucose uptake in periph-
eral tissues.7 Recent researchers have demonstrated an 
improvement in most of the PCOS symptoms merely by 
decreasing the insulin resistance. 

One of the most promising insulin-sensitizing drugs 
is thiazolidinediones (TZD) which act through glitazone 
receptors, more commonly referred to as the Peroxi-
some PPAR-γ.8,9 PPAR-γ is further divided into PPAR-γ1,  
PPAR-γ2 and PPAR-γ3.10 Among these, PPAR-γ2 is 
expressed in adipose tissues and is involved in adipo-
cyte differentiation, fat deposition in adipose tissues, 
improving insulin sensitivity and regulation of ovarian 
steroidogenesis.11  

1Senior Resident, 2Director; Professor and Head, 3Associate 
Professor, 4Director; Professor
1-3Department of Biochemistry, Lady Hardinge Medical 
College, New Delhi, India
4Department of Obstetrics and Gynaecology, Lady Hardinge 
Medical College, New Delhi, India

Corresponding Author: Monika Garg, Senior Resident, 
Department of Biochemistry, Lady Hardinge Medical 
College, New Delhi, India, Phone: +919868862567, e-mail: 
mg.monikagarg25@gmail.com

ABSTRACT

Introduction: Peroxisome proliferator activated receptor-γ 
(PPAR-γ) and its polymorphisms have an important role in 
polycystic ovary syndrome (PCOS), pathogenesis of which 
concentrates mainly around insulin resistance. 

Aims and objectives: To identify PPAR-γ Pro12Ala Polymor-
phism in subjects with PCOS and controls along with an estima-
tion of PPARγ levels and to correlate these with biochemical and 
anthropometric parameters of insulin resistance. 

Materials and methods: A hospital-based case control study 
was conducted in 50 diagnosed cases of PCOS (15 to 45 
years of age), as per revised Rotterdam criteria along with 50 
age-matched healthy controls. PPAR-γ levels were estimated 
using sandwich enzyme-linked immunosorbent assay (ELISA). 
Polymorphism was detected through DNA extraction from whole 
blood followed by polymerase chain reaction (PCR) and restric-
tion fragment length polymorphism (RFLP). Statistical analysis 
was done using Statistical Package for the Social Sciences 
(SPSS) version 16 employing independent sample t-test for 
intergroup comparison of means and Pearson’s correlation 
coefficient for correlation analysis. Categorical data analysis for 
polymorphism was done using chi-square test. ROC analysis 
was done for comparison between various markers. 

Results and conclusion: Peroxisome proliferator acti-
vated receptor γ (PPAR-γ) Pro12Ala polymorphism analysis 
revealed a higher proportion of Pro/Pro homozygotes (78%) 
in contrast to a lower proportion of Pro/Ala heterozygotes 
(22%) in cases. Also, Pro/Pro homozygotes were associ-
ated with a higher proportion of insulin resistance (86.7%) 
and obesity (83.8%) as compared to Pro/Ala heterozygotes 
in PCOS cases. PPAR-γ levels were significantly reduced in 
cases [13.16 (11.78–17.08) ng/mL] as compared to controls 
[16.05 (12.07-33.0) ng/mL]. This strengthens the fact that 
insulin sensitivity is related to enhanced PPAR-γ expression. 
ROC analysis revealed PPAR-γ to be a better indicator of 
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Out of the various PPAR-γ polymorphisms, PPAR-γ 
Pro12Ala polymorphism is most frequently studied. This 
polymorphism involves a missense mutation of CCA to 
GCA in codon 12 of exon B of PPAR-γ gene located on 
chromosome 3p25, leading to the substitution of Proline to 
Alanine resulting in an excessive expression of PPAR-γ2. 
This, in turn, causes stimulation of insulin sensitivity by 
promoting insulin action in adipose tissues.12-15

MATERIALS AND METHODS

A hospital-based observational case-control study was 
conducted in the Department of Biochemistry in collabo-
ration with the Department of Obstetrics and Gynaecol-
ogy, Lady Hardinge Medical College and Smt. Sucheta 
Kriplani Hospital, New Delhi, after being approved by 
the institutional ethical committee.

The study population consisted of 50 diagnosed cases 
of PCOS in the age group of 15 to 45 years, as per revised 
Rotterdam criteria along with 50 age-matched healthy 
volunteers.

Women with related hormonal disorders like con-
genital adrenal hyperplasia (CAH), Cushing’s syndrome 
and androgen-secreting tumors and patients on treat-
ment with oral contraceptive pills (OCP) and high dose 
androgens were excluded from the study. 

Bilingual written informed consent was obtained from 
the study subjects. Detailed history and clinical examina-
tion of study subjects was also carried out. 

Fasting venous blood samples (5 mL) was collected 
from the subjects on day 2 to 5 of the menstrual cycle after 
overnight fasting. Serum was separated and processed for 
routine investigations like fasting plasma glucose and lipid 
profile by clinical chemistry autoanalyzer- Beckman Coulter 
AU-680 using standard reagents/ kits from Randox (United 
Kingdom) and Beckman (United States). ELISA did special 
investigations [PPAR-γ, dehydroepiandrosterone sulfate 
(DHEAS), and sex hormone-binding globulin (SHBG)].

Hormonal estimation [luteinizing hormone (LH), follicle-
stimulating hormone (FSH), prolactin, testosterone, insulin, 
thyroid-stimulating hormone (TSH)] by electrochemilu-
minescent immunoassay (ECLIA) or clinical laboratory 
improvement amendments (CLIA)  was done on Cobas e411 

(Switzerland). Whole blood was used to extract deoxyribonu-
cleic acid (DNA) by commercially available kits from Qiagen 
(Netherlands) followed by PCR targeting PPAR-γ gene, using 
following primers.

Forward Primer

5’ GCATGGATCCCAATGC 3’ (18 bp)

Reverse Primer

5’GATATGTTTGCAGACAGTGTATCAGTGAAGGA 
ATCGCTTTCCG 3’ (43 bp) polymorphism in PPAR-γ gene 
was detected using RFLP by using restriction enzyme 
BstUI. The resolution was done on 2.5% agarose gel 
electrophoresis

The data were analyzed statistically by using SPSS 
ver. 16. Intergroup comparison of biochemical parameters 
between cases and controls was done using independ-
ent sample ‘t’ test (for parametric data) and the Mann 
Whitney U test (for non-parametric data). The p <0.05 
was considered as statistically significant. Correlation 
analysis of the quantitative data was done using Pear-
son’s correlation coefficient (for parametric data) and 
the Spearman correlation coefficient (for non-parametric 
data). Categorical data analysis for the study of PPAR-γ 
polymorphism was done using chi-square test with odd’s 
ratio as the risk estimate.

RESULTS

Following the inclusion criteria, 50 cases of PCOS along 
with 50 age-matched healthy controls were enrolled in 
the study. Mean age of the study population was 26.3 
± 4.7 years. Baseline characteristics of PCOS cases and 
controls are shown in (Table 1). 

Mean weight, BMI, waist circumference and waist-to-
hip ratio were significantly higher in cases as compared to 
controls (p < 0.05). Of the various biochemical parameters 
studied, serum triglyceride was found to be significantly 
higher in cases as compared to controls (Table 2). No 
statistically significant difference was seen in the fertil-
ity profile parameters and glycaemic indicators (Table 2)  
between cases and controls. Among the indicators of 

Table 1: Baseline characteristics of the study population

Variable Cases (n = 50) (Mean ± S.D.) Controls (n = 50) (Mean ± S.D.) p value
Age (years) 25.7 ± 4.7 26.9 ± 4.7 0.21
Height (cm) 153.5 ± 5.3 153.3 ± 4.5 0.86
Weight (Kg) 64.6 ± 12.2 54.7 ± 9.8 < 0.001*
BMI (kg/m2) 27.38 ± 4.81 23.26 ± 3.97 < 0.001*
WC (cm) 88.66 ± 1.21 73.04 ± 9.88 < 0.001*
WHR 1.01 ± 0.28 0.82 ± 0.07 < 0.001*

n = Number of subjects, SD = Standard deviation, BMI = Body mass index, WC = Waist circumference, WHR = waist-to-hip ratio   
p-value < 0.05 is considered statistically significant
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Table 2: Biochemical and hormonal profile of study population

Parameter Cases (n = 50) Mean ± SD Controls (n = 50) Mean ± SD p-value
Triglycerides (mg/dL) 121.08 ± 57.6 97.6 ± 44.2 0.024*
LH (IU/L) 6.31 (4.71 – 11.31)** 6.61 (4.39 – 11.34)** 0.71
FSH (IU/L) 6.6 (4.48 - 8.03) ** 6.72 (5.1 – 8.4)** 0.54
LH/FSH ratio 1.03 (0.60 - 1.67)** 1.04 (0.64 – 1.54)** 0.91
Prolactin (ng/mL) 17.6 ± 8.8 20.0 ± 8.9 0.11
FPG (mg/dL) 87.9 ± 1.2 89.7 ± 7.2 0.22

Fasting insulin (μIU/mL) 9.41 (6.98 – 12.36)** 8.97 (6.28 – 14.7)** 0.97
HOMA-IR 2.1 (1.53 – 2.78)** 2.1 (1.30 – 3.38)** 0.96
SHBG  (nmol/L) 50 (29.5 – 76.5)** 79 (53 – 151.3)** < 0.001*
Testosterone (ng/dL) 38.22 ± 6.75 27.9 ± 1.5 0.29
DHEAS (μg/mL) 3.88 ± 1.75 4.37 ± 1.71 0.18
** Data represented as median (Inter quartile range) for non-parametric data

Fig. 1: Ethidium bromide stained Agarose gel used for genotyping PCR products (270 bp) with PPAR-γ polymorphism digested with 
BstU1 showing 270 bp products for normal Homozygotes and 227 bp along with 43 bp products after digestion with BstU1

hyperandrogenism, decreased levels of SHBG were noted 
in the cases. This difference was found to be statisti-
cally significant (Table 2). Analysis of PPAR-γ Pro12Ala 
polymorphism revealed the presence of CC (Pro/Pro 
homozygotes) in 78% of cases and 66% of controls in 
contrast to CG (Pro/Ala heterozygotes) which was noted 
only in 22% of the cases and 34% of controls. However, 
this difference in the genotypic distribution of C/G geno-
types was not found to be statistically significant.  No GG 
(Ala/Ala) genotype was found in this study population. 
Among the allelic frequency, 52% of proline (C) was seen 
in cases as compared to 48% of that in controls and 39% 
of Alanine (G) was seen in cases as compared to 61% 
of that in controls. Significantly lower PPAR-γ levels 
were seen in cases as compared to controls (Table 3).  
A statistically significant positive correlation was seen 
with thyroglobulin (Tg) and PPAR-γ in PCOS (Table 4). 
homeostatic model assessment (HOMA)-insulin resist-
ance (IR) showed significant positive correlation with 
serum TG and negative correlation with SHBG (Table 5). 

Pro/Ala heterozygotes (CG) were associated with higher 
insulin sensitivity as compared to Pro/Pro homozygotes 
(CC). The difference was however not statistically signifi-
cant (Table 6). ROC curve analysis reveals PPAR-γ as the 
better predictor of insulin resistance than LH/FSH ratio, 
DHEAS, and HOMA-IR. (Table 7).

DISCUSSION

This study was conducted in diagnosed PCOS cases along 
with age-matched controls as an attempt to have a better 
insight into polymorphism of the PPAR-γ gene and its 
possible role in the etiopathogenesis of PCOS. Regarded 
as a multigenic endocrine-metabolic disorder, PCOS 
has often been associated with dyslipidemia, obesity 
and insulin resistance resulting from an interplay of 
genetic predisposition and environmental risk factors.16 
However, whether insulin resistance is causative of PCOS 
or a result of it is equivocal. Also, literature evidence 
especially Indian studies regarding polymorphism in 
PCOS is sparse.

Table 3: PPAR-γ levels in the study population

Parameter Cases (n = 50) Median (Inter quartile range) Controls (n = 50) Median (Inter quartile range) p-value
PPAR-γ (ng/ml) 13.16 (11.78 – 17.08) 16.05 (12.07-33.0) 0.04*
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The present study revealed significantly higher values 
of BMI, waist-to-hip ratio (WHR), and TG and decreased 
SHBG levels in cases as compared to controls (Tables 1 
and 2).  A similar increase in BMI and WHR in PCOS has 
been reported by several other studies17-19 thus further 
strengthening the co-existence of obesity in PCOS. The 
decreased SHBG levels in cases could be explained by 
the fact that hyperinsulinemia seen in PCOS is respon-
sible for the high androgen concentration which in turn 
inhibits liver secretion of SHBG leading to its decreased 
levels.20 Higher TG levels in cases were in concordance 
with a study done on Korean women with PCOS which 
suggested TG to be a useful marker of insulin resist-
ance.21 No significant difference was noted in the LH/
FSH ratio between cases and controls in our study (Table 
2). This finding is in agreement with a study conducted 
by Sheehan et al.,22 which stated that the increased LH/
FSH ratio and hyperprolactinemia might not be neces-
sarily associated with PCOS. The usual finding of raised 
LH/FSH ratio in PCOS actually depends upon the type 
of PCOS phenotype.23 The present study reports signifi-
cantly lower levels of PPAR-γ in the cases as compared 
to controls (Table 3). The reduced levels of PPAR-γ in 
cases are supportive of the fact that insulin sensitivity is 
related to enhanced PPAR-γ expression.24 A significant 
positive correlation was found between the serum levels 
of PPAR-γ and triglycerides in PCOS cases (p-value < 0.05) 
(r =0.295) (Table 4). A similar correlation was also reported 
by Semple et al.25 who proposed that PPAR-γ enhances the 
lipoprotein-mediated hydrolysis of triglycerides. It also 
modifies triglyceride synthesis by FFA esterification via. 

Acyl CoA synthase. HOMA-IR also showed a significant 
correlation with serum TG and SHBG (Table 5). Though 
HOMA-IR has been used for assessment of insulin resist-
ance, PPAR-γ has emerged as a major contributor to the 
maintenance of systemic insulin sensitivity by regulat-
ing adipogenesis and lipid metabolism. This theory is in 
coherence with the findings in the present study which 
shows PPAR-γ to be a better marker for insulin resistance 
with an AUC of 0.605 in ROC. (Table 7 and Fig. 2).

 Association of PPAR-γ Pro12Ala polymorphism with 
PCOS has depicted variable results in different popula-
tions. This variation could be attributed to a difference in 
geographical distribution, ethnicity, lifestyle and sample 
size of the various studies conducted so far.26 Further-
more, very few Asian studies are available to decipher 
the role of this polymorphism in the etiopathogenesis 
of PCOS. Genotypic analysis revealed a relatively lower 
frequency of Pro/Ala heterozygotes (22%) as compared 
to Pro/Pro homozygotes (78%) in cases as compared to 
34% and 66% respectively in controls (Table 3). Similar 
frequency distribution was reported by authors of 
several other studies in PCOS.26,27 Ala/Ala homozygotes 

Table 7: Area under the curve

Parameter Area p-value
PPAR-γ 0.605 0.04
LH/FSH Ratio 0.507 0.91
DHEAS 0.578 0.18
HOMA-IR 0.502 0.96

Table 4: Correlation of PPAR-γ with biochemical  
parameters in PCOS cases

Parameter
Correlation coefficient 
(r value) p-value

BMI (Kg/m²) – 0.016 0.913
WHR 0.029 0.84
TG (mg/dL) 0.295 0.03*
SHBG (nmol/L) – 0.05 0.972
HOMA-IR 0.046 0.750

Table 5: Correlation of HOMA-IR with biochemical  
parameters in PCOS cases

Parameter

Correlation  
coefficient  
(r value) p-value

BMI (Kg/m²) 0.258 0.07

TG (mg/dl) 0.304 0.03*

SHBG (nmol/L) -0.403 0.004*

Table 6: Inter genotypic variation based on insulin resistance (HOMA-IR) in PCOS cases (n = 50)

Genotype
(HOMA IR ≥ 2.5) (n = 15) (HOMA IR < 2.5) (n = 35)

p-valuen % N %
CC (Pro/Pro homozygotes) 13 86.7 26 74.3 0.33
CG (Pro/Ala heterozygotes) 2 13.3 9 25.7

Fig. 2: ROC curve comparing various markers of PCOS
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(GG) were not observed in this study. This could be 
due to the relatively smaller sample size of the study. 
Similarly, analysis of allelic frequency revealed 52 % of 
proline (C) in cases as compared to 48% in controls and 
61% of alanine (G) in controls as compared to 39% of 
alanine (G) in cases (p-value > 0.05). However, this dif-
ference in the proportion of both genotypic and allelic 
frequencies was not statistically significant.28 The lower 
frequency of Ala in PCOS could be indicative of a pos-
sible protective effect of this genotype against PCOS as 
has been postulated by several authors like  Korhonen 
et al.27 and Nuzhat et al.26 

Peroxisome proliferator activated receptor γ (PPAR-γ)
levels and their inter genotypic variation has not been 
studied extensively in PCOS, though Kalelioglu el al.29 
reported the values of PPAR-γ to be unequivocal between 
cases and control groups in a study conducted in schizo-
phrenic male patients. 

Furthermore, we also explored the association of 
PPAR-γ polymorphism with characteristic features of 
PCOS like insulin resistance and obesity. Pro12Ala poly-
morphism of PPAR-γ has been postulated to be associated 
with high insulin sensitivity.30 Thus, a relationship of 
Pro/Pro (CC) or Pro/Ala (CG) genotype with markers 
of insulin resistance may well be expected. However, this 
aspect has not been well studied in the Indian population. 
In the present study, Pro/Pro (CC) genotype showed a 
higher proportion of insulin resistance in cases comparing 
with Pro/Ala (CG) genotype (Table 6). But, the difference 
was not found to be statistically significant. A similar 
association was also reported by a study16 conducted 
in a much larger number of Caucasian women having 
PCOS wherein Ala carriers in PCOS group were more 
insulin-sensitive as compared to controls.

Although in the present study, correlation between 
insulin resistance and PPAR-γ Pro12Ala polymor-
phism has not found to be statistically significant 

possibly due to relatively small sample size; but it has 
been found in many other studies26,27 that there is a 
positive correlation between insulin sensitivity and 
Pro/Ala (CG) and Ala/Ala (GG) genotypes. Thus, 
the severity of PCOS is also reduced since insulin 
resistance plays a quite indispensable role in the eti-
opathogenesis of PCOS. 

CONCLUSION

The significantly reduced levels of PPAR-γ in cases 
further strengthens the fact that insulin sensitivity 
is related to enhanced PPAR-γ expression. PPAR-γ 
has also emerged as one of the surrogate markers of 
insulin resistance and can be a useful tool for further 
understanding the etiopathogenesis of PCOS associ-
ated with insulin resistance. Incoherence with the 
current hypothesis suggesting a protective role of Pro/
Ala heterozygotes with higher insulin sensitivity and 
less obesity as compared to the Pro/Pro homozygotes. 
However, owing to the limitation of a relatively smaller 
sample size, lack of statistical significance and absence 
of Ala/Ala homozygotes in the present study, addi-
tional longitudinal studies in more significant sample 
size are recommended to elucidate the role of PPAR-γ 
polymorphism in PCOS further.  
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