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Association of PPARG Prol2Ala polymorphism
with insulin sensitivity and body mass index
in patients with polycystic ovary syndrome
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Abstract. Insulin resistance is one of the key factors in the
pathogenesis of polycystic ovary syndrome (PCOS). The
peroxisome proliferator-activated receptor gamma (PPARG)
plays a role in the regulation of insulin sensitivity. The aim
of the present study was to establish a possible association
of the PPARG Prol2Ala polymorphism with PCOS and its
effect on family and personal history, as well as on the meta-
bolic and endocrine parameters in PCOS patients. A total of
151 PCOS patients and 179 healthy women of reproductive age
were enrolled. History, body mass index (BMI), waist-to-hip
ratio and the presence of phenotypic hyperandrogenism were
recorded. Hormonal, metabolic and biochemical profiles were
assessed. A molecular analysis for the genetic polymorphism
was performed. One third (29.8%) of the PCOS patients were
found to be carriers of at least one variant of the Ala allele
(X/Ala), while 70.2% carried two wild-type Pro alleles
(Pro/Pro), with an equal distribution observed in the control
group. The PCOS patients carrying the X/Ala alleles exhibited
lower serum fasting insulin levels, homeostatic model assess-
ment of insulin resistance (HOMA-IR) and BMI compared to
Pro/Pro carriers. This finding was significant only in the lean
PCOS group. The polymorphic genotype exerted no effect on
history, hormonal and clinical hyperandrogenism, lipid status
or C-reactive protein, leptin, adiponectin, resistin and ghrelin
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serum levels in women with PCOS. In conclusion, although the
PPARG Prol2Ala polymorphism is not a major determinant of
PCOS in the Croatian population, it may exert a positive effect
on insulin sensitivity and BMI. As these associations were
recorded exclusively in the lean group of patients with PCOS,
this polymorphism potentially contributes to a protective role
against hyperinsulinemia and obesity.

Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder in women of reproductive age. It is charac-
terized by exaggerated production of androgens and displays
gross abnormalities in ovarian function and morphology (1).
Various PCOS phenotypes presumably result from the inter-
action between multiple predisposing genomic variants, each
exerting only minor effects and strong environmental influ-
ences (2). As PCOS is associated with obesity, insulin resistance
and compensatory hyperinsulinemia (3), disturbed secretion
of adipokines (4) and an elevated risk for diabetes mellitus
type 2 (T2DM) (5) and cardiovascular diseases (CVD) (6), the
peroxisome proliferator-activated receptor gamma (PPARG)
represents a strong candidate gene predisposing to PCOS.
PPARG is crucial in the expression of key genes involved
in adipose tissue differentiation, lipid and glucose metabolism,
insulin sensitization, adipokine production and inflamma-
tion (7,8). Several single-nucleotide polymorphisms (SNPs) of
PPARG, of which the PPARG Prol2Ala is the most extensively
investigated, were found to reduce the transcriptional activity
of PPARG, resulting in less active PPARG isoforms (9,10).
Previous studies demonstrated that the PPARG Prol2Ala
variant allele is associated with higher insulin sensitivity, lower
body mass index (BMI) (11), decreased risk of T2DM (12-14),
higher high-density cholesterol (HDL) levels (11) and decreased
incidence of CVD (15). Additionally, it was demonstrated that
the PPARG Prol2Ala polymorphism may alter the plasma
levels of leptin, adiponectin, resistin and ghrelin (16-19).
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The aim of the present study was to evaluate the frequency
of PPARG Prol2Ala polymorphism in a Croatian popula-
tion of PCOS patients and healthy controls. Additionally, we
investigated whether the PCOS carriers of the PPARG X/Ala
alleles differed in family and personal history, as well as in
metabolic, biochemical and clinical parameters compared to
the wild-type PPARG Pro/Pro carriers.

Materials and methods

Study subjects. This cohort was in part previously
published (20). The patients were recruited from the gyne-
cological endocrinology clinic of the University of Zagreb
Medical Center, Zagreb, Croatia. A total of 151 PCOS patients
were enrolled, with a mean age of 26.9+5.9 years. The diag-
nosis of PCOS was confirmed according to the Rotterdam
consensus criteria, based on the presence of two out of three
traits, including oligo- and/or anovulation, clinical and/or
biochemical signs of hyperandrogenism and the presence of
polycystic ovaries on ultrasound scan (1). Other endocrinopa-
thies and associated disorders were excluded by measuring
basal serum follicle-stimulating hormone (FSH), luteinizing
hormone (LH), prolactin, thyroid stimulating hormone and
17-hydroxyprogesterone levels. The menstrual irregularities
were described as the presence of ameno- or oligomenorrhea.
Hyperandrogenism was evaluated by the presence of hirsutism
and/or acne and/or by elevated androgen levels [serum total
testosterone (TT) >2.5 nmol/l or free testosterone (FT)
>30 pmol/l]. Hirsutism was defined as a Ferriman-Gallwey
score (FG) of >8 (21). All the patients enrolled in the study were
evaluated during the early follicular phase of the menstrual
cycle (days 3-5) or randomly in amenorrhoeic patients.

The information on T2DM and PCOS family history,
low birth weight (LBW), childhood obesity, age of pubarche
and menarche and presence of gestational diabetes (GDM)
was obtained from the patients during a medical interview.
The BMI was calculated as weight/height® (kg/m?). The
waist-to-hip ratio was calculated by dividing the waist circum-
ference by the hip circumference. For the diagnosis of PCO
according to the Rotterdam criteria, a transvaginal ultrasound
scan was performed (1). The patients withheld any hormonal
medications for =6 months prior to enrollment in this study.
Blood samples were drawn for measurements of LH, FSH,
TT, sex hormone-binding globulin (SHBG), dehydroepian-
drosterone sulfate (DHEA-S), androstenedione (A), fasting
serum glucose, fasting insulin, total cholesterol, HDL, triglyc-
eride, C-reactive protein (CRP), leptin, adiponectin, resistin
and ghrelin levels. FT was calculated from TT and SHBG,
as previously described (22), using a web-based calculator
(http://www.issam.ch/freetesto.htm). Insulin resistance was
quantified using the homeostatic model assessment of insulin
resistance (HOMA-IR) [fasting insulin (mU/1) x fasting glucose
(mmol/1)] /22.5]. The low-density cholesterol (LDL) concen-
tration was calculated mathematically from total cholesterol,
triglyceride and HDL cholesterol concentrations, using
Friedewald's formula (23): LDL cholesterol (mmol/l) = total
cholesterol (mmol/l) - HDL cholesterol (mmol/l) - triglycer-
ides (mmol/l) /2.2.

The control group included 179 healthy volunteers prior
to entering an in vitro fertilisation program for male factor
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infertility, with a mean age of 29.2+4.7 years. The healthy
volunteers were free of menstrual cycle irregularities, clinical
or biochemical hyperandrogenism, PCO on ultrasound scan,
history of endocrinological or autoimmune disorders and
surgery to the pelvic region. All the subjects enrolled in this
study were of Croatian origin.

The study protocol (no. 04-1116-2006) was approved by
the Ethics Committee of the University of Zagreb Medical
School. Informed written consent was obtained from all the
subjects enrolled in this study.

Hormone assays. The serum LH, FSH, SHBG, TT, DHEA-S
and A levels were measured as previously described (20). The
plasma glucose levels were determined by the UV-photometric
hexokinase method and the serum insulin levels by the
Immulite chemiluminescent immunometric assay (Siemens
Healthcare Diagnostics, Inc., Deerfield, IL, USA). Total
cholesterol and triglycerides were measured by standard
routine enzymatic photometric assay. HDL cholesterol was
determined following precipitation of very low-density lipo-
protein and LDL with dextran sulphate and MgCl,. The CRP
levels were determined by a particle-enhanced turbidimetric
immunoassay technique, with the sensitivity of the test being
0.1 mg/l. The serum leptin levels were measured by radioim-
munoassay (RIA; DRG International, Springfield, NJ, USA).
The analytical sensitivity of the method was 0.1 ng/ml (range,
0.1-100 ng/ml). The coefficient of variation from day to day
was <5.8 and 4.1% of the series. There was no cross-reaction
with resistin, adiponectin and ghrelin. The serum adiponectin
levels were measured by ELISA (Bio Vendor, Brno, Czech
Republic). The analytical sensitivity of the method was 0.026
(range, 0.026-100 mg/ml) and the coefficients of variation
within the series were <5.9%. The serum resistin levels were
measured by enzyme immunoassay (DRG International). The
analytical sensitivity of the method was 0.033 ng/ml (range,
0.033-50 ng/ml) and the coefficient of variation from day to
day was <6.9 and 3.4% of the series. The serum ghrelin levels
were measured by RIA (DRG International). The analytical
sensitivity of the method was 100 (range, 100-5,000 pg/ml)
and the coefficient of variation from day to day was <7.7 and
1.9% of the series.

Genotype analysis. Genotype analyses were conducted at
the Department of Obstetrics and Gynaecology, Division of
Medical Genetics, University of Ljubljana Medical Centre,
Slovenia. Genomic DNA was isolated from whole blood
using the FlexiGene DNA kit (Qiagen, Hilden, Germany)
following the manufacturer's protocol. Genotyping for the
PPARG Prol2Ala polymorphism (rs1801282) was performed
with Custom TagMan SNP Genotyping assay (Applied
Biosystems, Foster City, CA, USA) on the ABI Prism 7900HT
Sequence Detection system, using SDS 2.4 software (Applied
Biosystems).

Statistical analysis. Data are expressed as percentages for
categorical variables and as means + standard deviation
for continuous variables. The association between PPARG
Prol2Ala polymorphism and PCOS was assesed using
logistic regression analysis, adjusted for age and BMI. We
used the Mann-Whitney U test to compare continuous vari-
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Table I. Distribution of PPARG Prol12Ala alleles and genotypes in PCOS patients and controls.

Alelle (%) Genotype (%)
Groups Pro Ala P-value® Pro/Pro Pro/Ala Ala/Ala P-value®
PCOS (n=151) 844 15.6 0.787 70.2 28.5 1.3 0.880
Controls (n=179) 85.2 14.8 72.1 26.3 1.7

a? test. PPARG, peroxisome proliferator-activated receptor gamma gene; PCOS, polycystic ovary syndrome.

ables between genotypes and the Chi-square test to compare
categorical variables between genotypes.

The point-biserial correlation was used to assess the asso-
ciation between PPARG Prol2Ala polymorphism and insulin
sensitivity. To further investigate the effect of the PPARG
Prol2Ala polymorphism on insulin sensitivity measured as
HOMA-IR, a multiple linear regression model was constructed
with HOMA-IR as a dependent variable and PPARG Prol2Ala
genotype (coded as Pro/Pro=1 and Pro/Ala+Ala/Ala=2), BMI,
SHBG and TT as independent variables.

All the statistical analyses were performed using the SPSS
software for Windows, version 15.0 (SPSS, Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Association of PPARG Prol2Ala polymorphism with PCOS.
A total of 151 women with PCOS and 179 healthy volunteers
were recruited in this study. The allele and genotype distribu-
tions of the PPARG Prol2Ala polymorphism for the PCOS and
the control groups were consistent with the Hardy-Weinberg
equilibrium (Table I). The distribution of the PPARG Prol2Ala
alleles and genotypes was not significantly different between
cases and controls, as presented in Table I (P=0.787 and 0.880,
respectively).

Due to the low frequency of the homozygous Ala/Ala
genotype, we divided genotypes into two categories: Pro/Pro
and X/Ala (Pro/Ala+Ala/Ala). A logistic regression analysis
was performed to assess the association of the PCOS status
(coded as PCOS=0, controls=1) as the dependent variable
and the PPARG Prol2Ala genotype (coded as Pro/Pro=1 and
X/Ala=2), BMI and age as co-variables. The analysis demon-
strated that the presence of the Ala allele is not associated with
the PCOS status (B=0.136 and P=0.594).

Association of PPARG Prol2Ala polymorphism with family
and personal history, clinical, hormonal and metabolic
parameters in PCOS. The anthropometric parameters, clinical
characteristics, family and personal history in PCOS patients
carrying the Pro/Pro or X/Ala genotypes are presented in
Table II. We observed no significant differences between
the genotype groups according to the traits regarding PCOS
and the metabolic syndrome (Table IT). The only significant
difference between the PPARG Prol2Ala genotypes was in
BMI, which was higher in the Pro/Pro group (P=0.037). The
hormonal and metabolic parameters according to the PPARG
Prol2Ala genotypes are shown in Table III. No significant

differences were observed in hormonal parameters, serum
lipid levels, serum CRP levels or serum levels of leptin,
adiponectin, resistin or ghrelin (Table IIT). We observed signif-
icantly higher serum fasting insulin levels and HOMA-IR in
the PCOS patients who were carriers of the Pro/Pro allele
compared to the X/Ala carriers (P<0.001). The point-biserial
correlation analysis revealed a significant negative correlation
between X/Ala and HOMA-IR (R=-0.236, P=0.004). The
equal analysis was conducted separately for the lean compared
to the obese PCOS group. A significant negative correlation
was found only in the lean PCOS group (R=-0.248, P=0.007
and R=-0.102, P=0.559, respectively). The presence of the
polymorphic Ala allele was found to be a significant predictor
of HOMA-IR variability, either unadjusted or following
adjustment for BMI, SHBG and TT (Table 1V). This multiple
linear regression model explained 5.5% (adjusted R?) of the
HOMA-IR variability (Table I'V).

Discussion

In the present study, we evaluated the difference in frequency of
the PPARG Prol2Ala polymorphism between PCOS patients
and the healthy control group. To the best of our knowledge,
this is the first study to investigate the association of the PPARG
Prol2Ala polymorphism and PCOS in a Croatian population.
We observed no significant difference in the distribution of
the PPARG Prol2Ala allele between the investigated groups
(Table 1), indicating that the PPARG Prol2Ala is not a major
determinant of PCOS in the Croatian population.

Although certain studies demonstrated a lower
frequency of PPARG Prol2Ala polymorphism among
PCOS patients (24-26), the majority of case-control
studies (27-34) reported no significant differences. However,
the merged results of several case-control studies revealed
that the carriers of the polymorphic Ala allele have a lower
risk of developing PCOS (32,35,36). The difference between
the findings of case studies and meta-analyses indicate that a
very large sample size may be required to uncover the effect
of genes that do not have a major genetic impact on PCOS, but
rather represent genetically modifying factors.

We observed a high frequency of PPARG Prol2Ala poly-
morphisminthe two investigated groups (30% in PCOS patients
and 28% in the controls, Table I). The frequency of PPARG
Prol2Ala polymorphism among European PCOS patients
ranges from 4.2 in the Italian population (31) to 22.9% in
the Finnish population (25). Therefore, the prevalence of the
PPARG Prol2Ala polymorphism in Croatian PCOS patients
was found to be higher compared to that in the majority of
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Table II. Anthropometric parameters, clinical characteristics, family and personal history in PPARG Pro/Pro and PPARG X/Ala

genotypes in PCOS patiens.

Variables Pro/Pro (n=106) X/Ala (n=45) P-value®
Age (years) 26.9+59 26.3+5.7 0.529
BMI (kg/m?) 23.7+4.2 22.6+4.1 0.037
BMI>25 (kg/m?) (%) 26.4 15.6 0.217
WHR 0.79+0.08° 0.78+0.07° 0.700
Age at pubarche (years) 11.2+1.6° 10.9+1.5¢ 0.647
Age at menarche (years) 12.8+1.7° 12.3£1.4°¢ 0.180
Family history of T2DM (%) 7.1° 7.1 0.962
Family history of PCOS (%) 2.9° 3.6 0.967
History of GDM (%) 1.4° 10.7¢ 0.106
Low birth weight (%) 5.7° 3.5¢ 0.885
Childhood obesity (%) 430 3.6° 0.966
Hirsutism (%)

FG 8-9 (%) 26.7b 22.6°

FG 10-14 (%) 36.7° 35.5¢ 0.928

FG>15 (%) 16.7b 16.1¢

FG-total score 11.8+3.6° 12.0+£3.6° 0.877
Acne (%)

Mild (%) 26.7° 29.0¢

Moderate (%) 16.7° 25.8¢ 0.381

Severe (%) 6.7° 0.0¢
Menstrual cycle

Normal (%) 11.7 6.5 0.713

Oligomenorrhea (%) 66.7 77.7

Amenorrhea (%) 233 258

"The Mann-Whitney U test was used for continuous and the Chi-square test for categorical variables; "n=60; °n=31. PPARG, peroxisome
proliferator-activated receptor gamma gene; PCOS, polycystic ovary syndrome; BMI, body mass index; WHR, waist/hip ratio; T2DM, type 2
diabetes mellitus; GDM, gestational diabetes mellitus; FG, Ferriman-Gallwey score. Bold print denotes statistically significant differences.

the European population (25-29,31-34). To the best of our
knowledge, the highest prevalence of the PPARG Prol2Ala
polymorphism was reported in the Polish (23,15%) (37) and
the Slovenian populations (27,5%) (38). These results may
suggest that Slavic populations exhibit a higher occurrence of
this polymorphic allele compared to the rest of the European
PCOS population.

Furthermore, we assessed the effect of the PPARG
Prol2Ala polymorphism on different metabolic, biochemical
and clinical parameters, as well as on family and personal
history in PCOS patients.

We observed significantly lower fasting insulin levels in
the X/Ala compared to the Pro/Pro allele carriers (P<0.001),
whereas the fasting glucose levels were comparable in the
two groups (P=0.416). Consequently, HOMA-IR was also
significantly lower (P<0.001). The adjusted linear regression
model explained 5.5% of the variability in insulin sensitivity
(expressed as HOMA-IR), where the presence of the polymor-
phic allele Ala was found to be the only significant predictor
of HOMA-IR (P=0.008) (Table IV). We hypothesized that the
presence of the polymorphic allele Ala represents a protective

variant that alleviates hyperinsulinemia in Croatian women
with PCOS who carry this allele. There is conflicting data in the
literature regarding the association between PPARG Prol2Ala
polymorphism and fasting insulin levels in PCOS patients.
Certain studies (27,32,38), but not others (24,30,31,34,39)
reported a significant association between the PPARG
Prol2Ala polymorphism and fasting insulin levels.
Moreover, a meta-analysis conducted by San-Millan and
Escobar-Morreale (32), reported lower insulin levels in X/Ala
carriers considering PCOS patients and controls as an entire
group, although this effect was not observed in PCOS patients
alone. Similar results were observed when analyzing the
effect of the PPARG Prol2Ala on HOMA-IR. Two additional
meta-analyses (35,36) concluded that the PPARG Prol2Ala
variant may result in lower insulin levels, but exerts no effect
on HOMA-IR in PCOS patients. These conflicting results may
be explained by the differences in the genetic background of
the population investigated and by gene-gene and gene-envi-
ronmental interactions (i.e., diet, exercise and age) (40).

The studies that evaluated normal and diabetic popula-
tions revealed that the X/Ala is associated with reduced
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Table III. Hormonal and metabolic parameters in PPARG Pro/Pro and PPARG X/Ala genotypes in PCOS patients.

Parameters Pro/Pro (n=106) X/Ala (n=45) P-value®
FSH (1U/) 39+2.1 3.8+1.8 0.759
LH (IU/1) 8.6+£5.5 9.6£7.0 0512
TT (nmol/1) 2.3+0.9 2.3x1.1 0.588
FT (pmol/l) 437239 40.2+21.8 0.430
A (nmol/l) 11.9+5.7 10.8+3.8 0.436
DHEA-S (ymol/l) 7.24£3.0 6.1£2.6 0.079
SHBG (nmol/1) 34.3+£22.1 39.5+19.6 0.105
Fasting insulin (pmol/I) 11.6x7.7 7.8+5.1 <0.001
Fasting glucose (mmol/l) 4.3+0.6 4.240.5 0416
HOMA-IR 2.3+1.7 1.5+1.0 <0.001
Total cholesterol (mmol/l) 4.6+0.4° 4.5+0.3¢ 0.522
HDL cholesterol (mmol/I) 1.3+0.1° 1.4+0.1¢ 0.647
LDL cholesterol (mmol/1) 2740 .4° 2.6x0.4¢ 0.607
Triglycerides (mmol/l) 1.4+0.4° 1.3+0.3¢ 0.434
CRP (mg/1) 2.0£0.6° 2.2+0.6° 0.103
Leptin (ng/ml) 11.5+1.7° 10.9+1.6¢ 0.128
Adiponectin (¢ g/ml) 9.1£1.7° 9.3+1.7° 0.397
Resistin (ng/ml) 12.4+2 3% 11.7+2.5¢ 0.247
Ghrelin (pg/ml) 1,123.4+207.9° 1,234.9+£237.1¢ 0.057

"Mann-Whitney U test; "n=45; ‘n=25. PPARG, peroxisome proliferator-activated receptor gamma gene; PCOS, polycystic ovary syndrome;
FSH, follicle-stimulating hormone; LH, luteinizing hormone; TT, total testosterone; FT, free testosterone; A, androstenedione; DHEA-S,
dehydroepiandrosterone sulphate; SHBG, sex hormone-binding globulin; HOMA-IR, homeostatic model assessment of insulin resistance;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein. Bold print denotes statistically significant differences.

Table IV. Multiple linear regression models with HOMA-IR as the dependent variable in PCOS patients.

Variables B-coefficient (95% CI) P-value
Unadjusted model (R*=0.049)
PPARG Prol2Ala genotype -0.81 (from 1.35 to -0.27) 0.004
Adjusted model (R?*=0.055)
PPARG Prol2Ala genotype -0.74 (from -1.30 to -0.20) 0.008
BMI 0.03 (from -0.03 to 0.09) 0.281
TT -0.14 (from -0.40 to 0.11) 0271
SHBG -0.01 (from -0.02 to 0.01) 0.266

HOMA-IR, homeostatic model assessment of insulin resistance; PCOS, polycystic ovary syndrome; CI, confidence interval; PPARG, peroxi-

some proliferator-activated receptor gamma gene; BMI, body mass index; TT, total testosterone; SHBG, sex hormone-binding globulin.

weight and improved insulin sensitivity, predominantly in
lean subjects (11,12,41,42). Therefore, the X/Ala is viewed as
being protective against T2DM in non-obese subjects (11,12).
However, in obese subjects, the effect of the X/Ala allele has
not been fully elucidated (41,43). It appears that obesity may
mask the protective effect of the Ala allele (44). The majority
of studies reported no apparent effect of the PPARG Prol2Ala
genotype on BMI in PCOS patients (24,27,29-31,34,39). We
observed that the X/Ala genotype was associated with insulin
sensitivity only in non-obese individuals, which is in accor-
dance with the findings of studies conducted on Turkish (26)

and Slovenian women (38) with PCOS. Therefore, the PPARG
Prol2Ala genotype may be sensitive to environmental influ-
ences, specifically dietary ones (45). Free fatty acids that
are generated in the process of nutrition and metabolism are
natural ligands for PPARG (45). Luan et al (46) demonstrated
that the consumption of a diet with a low polyunsaturated to
saturated fat ratio was associated with lower insulin levels and
BMI in X/Ala carriers compared to those in Pro/Pro carriers.
Garaulet et al (47) also reported a protective role of the Ala allele
against weight gain in individals practicing Mediterranean diet
principles. The dietary habits of the patients were not analyzed
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in our study, although we hypothesized that a large proportion
of patients follow the Mediterranean diet. Ranilovic et al (48)
reported that Croats have the most similar dietary habits to the
Italian population. The Mediterranean diet is rich in unsatu-
rated omega-3 fatty acids, which may have affected our results.
The high frequency of the PPARG Prol2Ala polymorphism
and its protective effect on insulin sensitivity and BMI, together
with the hypothesis of a Mediterranean diet, may explain why
the Croatian population with PCOS was found to exhibit a low
prevalence of insulin resistance and obesity, as demonstrated
in our previous study (20).

A previous study reported elevated surrogate biomarkers
for CVD in women with PCOS (6). CRP, a marker of low-grade
chronic inflammation, represents a predictor of CVD (49) in
PCOS patients. Yilmaz et al (26) and Tok ef al (33) observed
significantly lower CRP values in carriers of the Ala allele.
We observed no effect of this SNP on CRP values in our study
population, which is consistent with previous observations
from the Slovenian population (38). Additionally, we observed
no significant effect of the PPARG Prol2Ala polymorphism on
plasma lipid levels in PCOS patients, which is in accordance
with previous observations (28,29,31).

Changes in adipokines may represent a link between
insulin resistance, obesity and CVD. PPARG induces adipo-
cyte differentiation and controls a number of adipocyte
genes (40). Only a limited number of studies investigated the
association between the PPARG Prol2Ala polymorphism and
adipokines in PCOS patients (28,31,50-53). No association
between the serum leptin levels and the PPARG Prol2Ala
polymorphism was observed in our study, which is consistent
with the findings of two previous studies (28,31). By contrast,
Bidzinska-Speichert er al (37) reported a protective role of the
X/Ala genotype on hyperleptinemia in women with PCOS.
The PPARG Prol2Ala polymorphism exerted no effect on
serum adiponectin levels in our cohort of PCOS patients,
which was comparable to the findings of Orio ef al (31) and
Hahn et al (28). Similarly, we observed no association between
the PPARG Prol2Ala polymorphism and the serum levels of
resistin. Wang et al (54) reported that the carriers of the X/Ala
allele exhibited lower plasma resistin levels in the Chinese
population, whereas no difference was observed in a study
from India (14). No effect of the PPARG Prol2Ala polymor-
phism on serum ghrelin concentrations was detected in the
present study, confirming previously published data (28).

Ovarian hyperandrogenism is considered the fundamental
abnormality of PCOS. We observed no association between
the PPARG Prol2Ala polymorphism and serum androgen
levels, which is in accordance with the observations of the
majority of previously published studies (24,27-29,33,34).
Only two previous studies reported reduced serum androgen
levels (24,26) and hirsutism (24) in PCOS patients carrying
the PPARG X/Ala genotype.

PPARG isoforms are located in the pilosebaceous unit (55),
affect sebaceous cell growth and differentiation (56) and,
therefore, may promote the cutaneous manifestations of hyper-
androgenism in PCOS patients. The number of studies that
evaluated the effect of the PPARG Prol2Ala polymorphism on
clinical findings in PCOS patients is limited. Hahn et al (28),
reported a lower hirsutism score in PCOS women carrying
the Ala allele, implicating PPARGs as a possible novel local
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factor in hair growth. Conversely, we observed no effect of the
PPARG Prol2Ala genotype on the prevalence and grade of
acne and hirsutism. Therefore, the role of PPARGSs in modu-
lating androgen levels and its effect of terminal hair growth
remains disputable.

LBW has been linked to cardiometabolic risk factors,
including obesity, hypertension, dyslipidemia and T2DM in
adulthood (57), particularly in those individuals with catch-up
growth (58). Eriksson et al (59) reported that the Ala allele
may protect against the insulin resistance that is associated
with LBW. Furthermore, LBW has also been associated with
early pubertal development in girls, followed by functional
hyperandrogenism in adolescence (60). We observed no
association between the presence of the PPARG Prol2Ala
polymorphism and LBW, childhood obesity or premature
pubarche. Furthermore, no association was observed between
PPARG Prol2Ala polymorphism and family history for
T2DM or PCOS.

In conclusion, the PPARG Prol2Ala polymorphism is not
a major determinant of PCOS in the Croatian population;
however, it exerts a positive effect on insulin sensitivity and
BMI. As these associations were recorded exclusively in the
lean group of PCOS patients, this polymorphism potentially
exerts a protective effect against hyperinsulinemia and obesity.
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