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A B S T R A C T

Aim: To assess the serum Bisphenol A levels in women with Polycystic Ovary Syndrome (PCOS) and its possible
association with their hormonal, metabolic and hematological parameters.
Methods: A total of 49 women with PCOS and 39 healthy controls were included in the study. The diagnosis of
PCOS was done using the Rotterdam criteria 2003. Anthropometric and clinical baseline profile of all the study
subjects was done. Serum BPA levels were estimated and its correlation with hormonal, metabolic and hema-
tological parameters was investigated.
Results: The women with PCOS demonstrated higher levels of BPA as compared to healthy women (26.4 ± 14.9
versus 18.95 ± 8.88 ng/ml; p = 0.0046). A significant association of clinical features like BMI (r = 0.296,
p = 0.039), Waist circumference (r = 0.315, p = 0.027) and waist-hip ratio (r = 0.402, p = 0.004) with BPA
was found. The BPA levels are also strongly associated with testosterone levels and with the biochemical ab-
normalities describing the syndrome (Blood glucose-Fasting (r = 0.478, p = 0.001), Blood glucose-1 hour
(r = 0.307, p = 0.032), Blood glucose-2 hour (r = 0.393, p = 0.005), total cholesterol (r = 0.361, p = 0.011),
triglycerides (r = 0.362, p = 0.011), Insulin fasting (r = 0.426, p = 0.002), HOMA-IR (r = 0.543,
p= < 0.0001), QUICKI (r = −0.459, p = 0.0009). BPA was also positively correlated with erythrocyte para-
meters like HCT (r = 0.284, p = 0.048) and MCV (r = 0.360, p = 0.011).
Conclusion: The present study suggests that BPA an endocrine disruptor plays an important role in the patho-
genesis of PCOS and contributes in the development and phenotype of PCOS.

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common and het-
erogeneous endocrinopathy in women of reproductive age and is
characterized by hyperandrogenic chronic anovulation (Futterweit,
1999). The prevalence of PCOS is reported to vary from 6% to 20% in
women of reproductive age, which is based on the diagnostic criteria
used to define the syndrome (Fauser et al., 2012; March et al., 2010).
The condition seems to be on rise in Kashmir valley although systemic
studies on the subject are underway. The disorder manifests as hir-
sutism, male-pattern baldness, acne vulgaris, menstrual disturbances,
obesity, an-ovulation, infertility, recurrent abortions and psychological
and psychosexual morbidity (Tsilchorozidou et al., 2004). It is the most

important cause of infertility and hirsutism in our population (Zargar
et al., 1997, 2002). Besides the above mentioned manifestations of
PCOS, women afflicted by this disease are at increased risk of devel-
oping Hypertension, Abdominal Obesity, Metabolic syndrome, Type 2
Diabetes Mellitus, Dyslipidemia and Cardiovascular disease (CVD) as
compared to healthy women and the long-term presence of cardiovas-
cular risk profile in these women may result in premature athero-
sclerosis (Jeelani et al., 2017). PCOS being a collection of multiple
variables as regards its pathophysiology, as yet it is thought to involve
the interaction of genetic and environmental components synergisti-
cally contributing to the variation in clinical picture of this syndrome.
The role of environmental factors in the pathogenesis of PCOS is under
thorough investigation and has recently been expanded to include a
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broad category of industrial chemicals known as endocrine disrupting
chemicals, that are widespread in the atmosphere and have the ability
to interfere with all hormone-sensitive systems either by interfering
with the synthesis or excretion of hormones, by mimicking their actions
or by blocking their effects (Diamanti-Kandarakis et al., 2009). Bi-
sphenol A (BPA) is one of the most abundant chemicals produced
worldwide and a potent endocrine disrupting chemical. It is used in the
synthesis of polycarbonate plastics and epoxy resins which are used in
various products of daily lives like water containers and bottles, resin
linings of food and beverage cans, electronic equipments, dental sea-
lants and so on. Also upon heating it is able to migrate into water and
food. Human exposure to BPA is considered widespread and continuous
and the possible link between BPA exposure and adverse health out-
comes has been investigated by a number of studies.

Owing to estrogen like activity of BPA, its most sensitive target
happens to be ovarian cells as previous reports have already testified for
its effects on ovarian morphology, steroidogenesis and folliculogenesis
(Markey et al., 2003; Newbold et al., 2007). Neonatal or perinatal ex-
posure to BPA has been shown to cause significant changes in the re-
productive tract (Newbold et al., 2007, 2009), alteration of estrous
cyclicity (Rubin et al., 2001), decreased reproductive capacity (Cabaton
et al., 2011) and changes in hormonal levels (Rubin et al., 2001;
Fernandez et al., 2009) later in adult life. The association of BPA ex-
posure with lower antral follicle counts (Souter et al., 2013), follicle
loss (Souter et al., 2013) and decreased oocyte survival is reported
(Brieno-Enriquez et al., 2011). Further, Ehrlich et al. in their study
showed the association of BPA with impaired oocyte maturation, yield
and fertilization which critically affects the success of IVF treatment
(Ehrlich et al., 2012). Caserta et al. found that the infertile women as
compared to fertile controls are significantly more likely to have de-
tectable serum BPA, while other exposures like (di-(2-ethylhexyl)
phthalate (DEHP), perfluorooctanoic acid (PFOA), perfluoctane sulfo-
nate (PFOS) and mono-ethylhexyl phthalate (MEHP)) are not different
between the two groups (Caserta et al., 2013). In women, the BPA
exposure has also been associated with obesity, abnormal karyotypes,
endometrial hyperplasia and recurrent miscarriages (Vandenberg et al.,
2010). Further, it has been demonstrated from recent data of experi-
mental animals that exposure to BPA at neonatal stage results in PCOS
development (Fernandez et al., 2010) and impairment in the regulation
of glucose metabolism/insulin secretion (Alonso-Magdalena et al.,
2006). The BPA levels are reported to be higher in women with PCOS
compared to healthy individuals and could possibly be involved in one
of many underlying causes of this disorder (Kandaraki et al., 2011).

PCOS which affects reproductive aged women is not only a gyne-
cological condition but, is also associated with lifelong risk of type 2
diabetes, metabolic syndrome and cardiovascular disease. Increased
insulin resistance appears a crucial mechanism behind this association.
Recent studies have demonstrated the close relationship between var-
ious hematological parameters like white blood cells (WBC) count and
red blood cell (RBC) count and components of metabolic syndrome.
Various hematological parameters have been found to be associated
with prothrombotic and proinflammatory state also. There are reports
that PCOS women show alteration in such parameters like WBC,
Platelets, Mean platelet volume (MPV) and Red cell distribution width
(RDW). These could serve as markers for the detection of various as-
sociated diseases like CVD (linked to the systemic inflammation) at an
early stage (Kebapcilar et al., 2009; Papalou et al., 2015; ÃzrMehmet
et al., 2014).

Therefore, this study was undertaken to analyze the serum BPA
levels in women with PCOS versus healthy individuals to explore a
possible association between BPA exposure and hormonal/biochemical
abnormalities describing the syndrome. Also we assessed the correla-
tion between BPA with hematological parameters (RBC, WBC, RDW,
MPV) in PCOS women that will provide an evidence whether increased
BPA levels effects Hematological parameters, which may in turn link
the higher BPA exposure with CVD risk factors.

2. Materials and methods

The study was approved by Institutional Board of Research Studies
and was carried in the Department of Clinical Biochemistry, University
of Kashmir, Srinagar, J&K, India. A total of 250 subjects were screened
according to the considered inclusion and the exclusion criteria from a
period of 2014–2016. Among them a total of 100 PCOS women and 80
controls were initially enrolled in the study out of which 49 patients of
PCOS and 39 controls were included in the present study.

2.1. Subjects

Patient group: This group included 49 PCOS women which were
recruited from various hospitals (Endocrinology and Gynecology OPD's
under guidance of specialists). The diagnosis was based on Rotterdam
criteria 2003 which is defined by the occurrence of two of the following
three criteria: menstrual dysfunction (intermenstrual periods > 35 days
or < 21 days); clinical and/or biochemical hyperandrogenism (hir-
sutism and/or an elevated total testosterone) and the ultrasonographic
presence of Polycystic Ovary morphology (> 12 follicles in either or
both ovaries measuring 2–9 mm in diameter). Women with etiologies
like congenital adrenal hyperplasia, thyroid dysfunction, Cushing's
syndrome, hyperprolactinemia and androgen-secreting tumors plus
women who had any medication in the past three months like oral
contraceptives, insulin-sensitizing drugs, antiandrogens, aspirin, sta-
tins, warfarin, antidepressant medication, Nonsteroidal anti-in-
flammatory drugs (NSAIDs), corticosteroids, Gonadotropin-relaesing
hormone (GnRH) antagonists or agonists were excluded. Furthermore,
patients with hypertension, a history of angina or myocardial infarc-
tion, known coagulation abnormalities, spontaneous abortion, anor-
exia, infection or inflammatory diseases were also excluded from the
study.

Control group: 39 healthy volunteers recruited from various
screening camps conducted at university and various colleges with
regular menstrual cycles, no evidence of hirsutism, acne or hyperan-
drogenemia served as control group and were studied and analysed
during the follicular phase. Subjects with findings of Polycystic Ovaries
on ultrasonographic examination were excluded from the study.

2.2. Methods

All the study Subjects were informed about the study and those who
agreed to participate in the study were asked to sign an informed
consent. All women were interviewed in detail regarding their men-
strual history (includes regularity, duration, age of menarche, flow,
number of menstrual cycles per year and dysmenorrhea), hair growth
(extent and duration), acne, weight gain, family history of infertility,
menstrual disorders, hirsutism, glucose intolerance, coronary artery
disease, diabetes mellitus or obesity at least in three generations. All
women underwent anthropometric assessments like measurement of
weight, height, waist-hip circumference, blood pressure recording, and
detailed systemic examination. Body mass index (BMI) which is the
ratio of individual's weight and square of the height (kg/m2) was cal-
culated. Ferriman-Gallwey scoring system was used to assess hirsutism
in which nine specified body areas are evaluated. Each area is given a
score of 1–4 and a score of 8 out of total 36 was taken as significant. All
the patients were graded for acne vulgaris and grade III and above plus
the extent of male pattern baldness was taken as clinical feature of
hyperandrogenemia. The transabdominal ultrasonography (USG) was
done for all the subjects by a single observer to record the ovarian
morphology (peripheral cysts, ovarian volume).

The samples were collected on 2nd to 7th day of early follicular
phase of either progesterone induced or spontaneous menstrual cycle
after an overnight fast. The samples were collected at 0, 1 h and 2 h
after 75 g oral load of anhydrous glucose to perform an Oral Glucose
Tolerance Test (OGTT). The samples were centrifuged immediately for
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biochemical investigations and serum was stored at −80 °C until as-
sayed for hormonal parameters and BPA. On the same day blood
samples were analysed for investigating their hematological parameters
such as RBC, WBC, Platelets within 1 h of venipuncture using a Sysmex
KX- 21 hematology auto analyzer. Hormonal assays were done by
Chemiluminescence Immunoassay using commercial kits according to
supplier protocol. Biochemical investigations which included glucose
and lipid (total cholesterol, triglycerides) levels, kidney and liver
function tests were estimated on semi autoanalyser (ERBACHEM 7) by
using standard commercially available kits. Insulin levels were esti-
mated on BIORAD analyzer using commercially available ELISA kit
(Ray biotech). The serum BPA levels were measured using commer-
cially available ELISA kit (SHANGHAI YEHUA Biological Technology
Co., Ltd) considered for the purpose of quantitative determination of
BPA in human plasma or serum samples, Urine, Saliva, and other re-
lated tissue fluids. The procedure for the measurement of samples and
standards was carried out according to the manufacturer's instructions.
The kit is based on biotin double antibody sandwich technology and the
measurement range of kit is 0.3 ng/ml to 90 ng/ml BPA.

2.3. Calculations

Insulin resistance was assessed by means of homeostasis model as-
sessment insulin resistance index (HOMA-IR) calculated as [fasting in-
sulin (μIU/mL) x fasting glucose (mg/dL)]/405, quantitative insulin
sensitivity check index (QUICKI) calculated as 1/[log fasting insulin
(μIU/mL) + log fasting glucose (mg/dL)] and fasting glucose to insulin
ratio (FGIR). The FGIR values were calculated as fasting glucose (mg/
dL)/fasting insulin (μIU/mL). High HOMA-IR, low QUICKI and low
FGIR scores denote insulin resistance (low insulin sensitivity).

2.4. Statistical analysis

All the statistical analysis was done on SPSS 16.0 version. An un-
paired two-tailed t-test was used for comparing variables between two
groups (PCOS and healthy controls) and data is presented as
mean ± SD. To assess the relation of BPA with the variables of PCOS
Pearson's correlation coefficient and linear/multiple regression analysis
was applied. The PCOS related baseline parameter was set as the re-
sponse variable (y) while using BPA as the independent variable (X)
while introducing other confounders (X′) to check for confounding
analysis. P < 0.05 was considered as statistically significant.

3. Results

3.1. Baseline characteristics of the subjects

Comparisons of demographic and clinical characteristics of subjects
are shown in Table 1. The women with PCOS showed significant dif-
ferences in all base line clinical, anthropometric and biochemical
parameters, except age, age of menarche, BMI, waist hip ratio, fasting
glucose, cholesterol, urea and creatinine compared to the control
women. Ferriman-Gallwey score was significantly higher in PCOS
women compared to healthy controls (10.94 ± 4.20 versus
5.74 ± 1.12; p= < 0.0001). PCOS women had significantly higher
anthropometric parameters like weight (58.17 ± 10.57 versus
53.73 ± 6.61 kg; p = 0.0183) and Waist circumference (86.04 ± 9.43
versus 81.25 ± 5.47 cm; p = 0.0039). Metabolic parameters like 2 h
glucose was significantly higher in PCOS women as compared to control
women (104.46 ± 26.41 versus 94.8 ± 12.7 mg/dl; p = 0.0279) as
was triglycerides (105.1 ± 42.4 versus 85.4 ± 42.0 mg/dl;
p = 0.033), uric acid (4.75 ± 1.07 versus 3.72 ± 0.89 mg/dl;
p= < 0.0001), Serum glutamic oxaloacetic transaminase: SGOT
(20.21 ± 6.28 versus 17.77 ± 4.48 mg/dl; p = 0.047) and Serum
glutamic pyruvic transaminase: SGPT (18.02 ± 5.83 versus
14.72 ± 4.10 mg/dl; p = 0.0041), fasting Insulin levels

(13.49 ± 3.03 versus 9.26 ± 1.70; p= < 0.0001), HOMA-IR
(3.09 ± 1.04 versus 1.98 ± 0.43; p= < 0.0001), QUICKI
(0.33 ± 0.01 versus 0.34 ± 0.01; p= < 0.0001), FGIR (7.07 ± 1.80
versus 9.66 ± 1.90; p= < 0.0001). Hormonal parameters like testos-
terone was significantly higher in PCOS women as compared to controls
(51.5 ± 16.7 versus 29.2 ± 13.0 ng/dl; p= < 0.0001) as was Lutei-
nizing hormone: LH (8.99 ± 6.03 versus 5.45 ± 3.53 IU/L;
p = 0.0029) and Follicle-stimulating hormone: FSH (7.19 ± 2.85
versus 5.90 ± 1.87 IU/L; p = 0.024). Hematological parameters like
platelets and Mean corpuscular hemoglobin concentration: MCHC were
significantly higher in PCOS women as compared to controls
(190.8 ± 60.6 versus 160.1 ± 56.9 10³/ml and 32.97 ± 1.73 versus
32.12 ± 1.14 g/dl; p= 0.017, p= 0.0067) respectively.

3.2. Serum BPA levels and its correlation with various components of PCOS

The PCOS women showed statistically significant increase in serum

Table 1
Baseline characteristics and BPA levels in PCOS women versus controls.

Parameter Cases n = 49 Controls n = 39 p Value

Age (years) 23.72 ± 4.50 22.21 ± 2.97 0.067
Age of Menarche (years) 13.07 ± 1.15 13.38 ± 0.93 0.17
FG-score 10.94 ± 4.20 5.74 ± 1.12 < 0.0001
Weight (kg) 58.17 ± 10.57 53.73 ± 6.61 0.0183
Waist Circumference (cm) 86.04 ± 9.43 81.25 ± 5.47 0.0039
W/H 0.93 ± 0.05 0.92 ± 0.03 0.17
BMI (kg/m2) 23.14 ± 3.48 21.87 ± 2.75 0.06
LH (IU/L) 8.99 ± 6.03 5.45 ± 3.53 0.0029
FSH (IU/L) 7.19 ± 2.85 5.90 ± 1.87 0.024
LH/FSH ratio 1.40 ± 0.94 0.95 ± 0.51 0.014
Testosterone (ng/dl) 51.5 ± 16.7 29.2 ± 13.0 < 0.0001
Blood glucose-Fasting (mg/dl) 91.4 ± 14.5 86.83 ± 9.75 0.08
Blood glucose-1 hour (mg/dl) 124.28 ± 26.47 103.1 ± 12.4 < 0.0001
Blood glucose-2 hour (mg/dl) 104.46 ± 26.41 94.8 ± 12.7 0.0279
Serum Total cholesterol (mg/

dl)
148.6 ± 40.1 139.5 ± 33.6 0.25

Serum Triglycerides (mg/dl) 105.1 ± 42.4 85.4 ± 42.0 0.033
Urea (mg/dl) 24.55 ± 5.79 22.82 ± 7.07 0.23
Creatinine (mg/dl) 0.80 ± 0.19 0.75 ± 0.24 0.25
Uric Acid (mg/dl) 4.75 ± 1.07 3.72 ± 0.89 < 0.0001
SGOT (AST) (IU/L) 20.21 ± 6.28 17.77 ± 4.48 0.047
SGPT (ALT) (IU/L) 18.02 ± 5.83 14.72 ± 4.10 0.0041
Fasting Insulin (μIU/mL) 13.49 ± 3.03 9.26 ± 1.70 < 0.0001
HOMA-IR 3.09 ± 1.04 1.98 ± 0.43 < 0.0001
QUICKI 0.33 ± 0.01 0.34 ± 0.01 < 0.0001
FGIR 7.07 ± 1.80 9.66 ± 1.90 < 0.0001
RBC 10⁶/μL 4.62 ± 0.52 4.47 ± 0.34 0.11
Hemoglobin g/L 11.46 ± 1.62 10.93 ± 1.25 0.085
HCT % 37.89 ± 4.08 36.94 ± 3.14 0.22
MCV fl 83.51 ± 6.80 83.35 ± 4.59 0.90
MCH pg 27.80 ± 2.80 26.88 ± 2.35 0.098
MCHC g/dl 32.97 ± 1.73 32.12 ± 1.14 0.0067
RDW fl 44.72 ± 6.82 44.38 ± 3.00 0.76
WBC 10³/μL 6.86 ± 1.82 6.16 ± 1.90 0.086
Platelets 10³/ml 190.8 ± 60.6 160.1 ± 56.9 0.017
MPV fl 12.40 ± 1.56 11.55 ± 2.24 0.14
BPA (ng/ml) 26.4 ± 14.9 18.95 ± 8.88 0.0046

Note: Values are mean ± SD. p < 0.05 is considered significant.
FG=Ferriman Gallwey score; W/H=Waist-Hip ratio; BMI= Body Mass Index;
LH = Luteinizing hormone; FSH=Follicle-stimulating hormone; LH/FSH = LF
FSH ratio; SGOT=Serum glutamic oxaloacetic transaminase; AST = Aspartate
aminotransferase; SGPT=Serum glutamic pyruvic transaminase;
ALT = Alanine aminotransferase; HOMA-IR=Homeostasis Model Assessment
Insulin Resistance Index; QUICKI = Quantitative Insulin Sensitivity Check
Index; FGIR= Fasting Glucose to Insulin Ratio; RBC = Red blood cells;
HCT=Hematocrit; MCV = Mean Corpuscular Volume; MCH = Mean corpus-
cular Hemoglobin; MCHC = Mean corpuscular Hemoglobin concentration;
RDW = Red cell distribution width; WBC=White blood cells; MPV = Mean
platelet volume; BPA=Bisphenol A.
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BPA levels as compared to healthy women (26.4 ± 14.9 versus
18.95 ± 8.88 ng/ml; p = 0.0046) as depicted in Table 1. BPA is sig-
nificantly associated with the clinical, hormonal, metabolic and he-
matological parameters as follows - Waist circumference (r = 0.315,
p = 0.027) W/H (r = 0.402, p = 0.004), BMI (r = 0.296, p = 0.039),
testosterone (r = 0.443, p = 0.001), Blood glucose-Fasting (r = 0.478,
p = 0.001), Blood glucose-1 hour (r = 0.307, p = 0.032), Blood glu-
cose-2 hour (r = 0.393, p = 0.005), Serum total cholesterol (r = 0.361,
p = 0.011), triglycerides (r = 0.362, p = 0.011), Insulin fasting
(r = 0.426, p = 0.002), HOMA-IR (r = 0.543, p= < 0.0001), QUICKI
(r = −0.459, p = 0.0009), HCT (r = 0.284, p = 0.048) and MCV
(r = 0.360, p = 0.011) depicted in Table 2. The Inter correlation matrix
is further represented as Table 3.

3.3. Linear regression analysis

To further analyze the impact of BPA we used the linear regression
models depicted in Table 4. All the clinical variables were included as
dependent variables in separate models and BPA as independent vari-
able. The regression models for clinical parameters (BMI: R2 = 0.088;
Beta = 0.296; p = 0.039, WC: R2 = 0.099; Beta = 0.315; p = 0.027,
Waist-Hip ratio: R2 = 0.161; Beta = 0.402; p = 0.004) indicated that
8.8% variation in BMI, 9.9% variation in WC and 16.4% variation in
Waist-Hip ratio was explained by positive association with BPA. A re-
gression model for testosterone levels (R2 = 0.197; Beta = 0.443;
p = 0.001) demonstrated that 19.7% variation in testosterone levels
was explained by positive association with BPA. The regression models

Table 2
Correlation of BPA levels with clinical, hormonal, biochemical and hematolo-
gical parameters.

Parameters r p

FG score 0.127 0.384
Waist Circumference 0.315 0.027
W/H 0.402 0.004
BMI 0.296 0.039
Testosterone 0.443 0.001
LH 0.60 0.717
FSH 0.067 0.680
Blood glucose-Fasting 0.478 0.001
Blood glucose-1 hour 0.307 0.032
Blood glucose-2 hour 0.393 0.005
Serum total cholesterol 0.361 0.011
Triglycerides 0.362 0.011
Insulin Fasting 0.426 0.002
HOMA-IR 0.543 0.000
QUICKI −0.459 0.0009
RBC −0.056 0.703
Hemoglobin 0.232 0.108
HCT 0.284 0.048
MCV 0.360 0.011
MCH 0.253 0.079
MCHC 0.031 0.831
RDW 0.162 0.270
WBC −0.057 0.698
Platelets −0.131 0.370
MPV 0.10 0.963

Note: p < 0.05 is considered significant. FG=Ferriman Gallwey score; W/
H=Waist-Hip ratio; BMI= Body Mass Index; LH = Luteinizing hormone;
FSH=Follicle-stimulating hormone; LH/FSH = LF FSH ratio; SGOT=Serum
glutamic oxaloacetic transaminase; AST = Aspartate aminotransferase;
SGPT=Serum glutamic pyruvic transaminase; ALT = Alanine amino-
transferase; HOMA-IR=Homeostasis Model Assessment Insulin Resistance
Index; QUICKI = Quantitative Insulin Sensitivity Check Index; RBC = Red
blood cells; HCT=Hematocrit; MCV = Mean Corpuscular Volume;
MCH = Mean corpuscular Hemoglobin; MCHC = Mean corpuscular
Hemoglobin concentration; RDW = Red cell distribution width; WBC=White
blood cells; MPV = Mean platelet volume; BPA=Bisphenol A.
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for metabolic parameters (Glucose fasting: R2 = 0.229; Beta = 0.478;
p = 0.001, Glucose 1 h: R2 = 0.094; Beta = 0.307; p = 0.032, Glucose
2 h: R2 = 0.154; Beta = 0.393; p = 0.005) demonstrated that 22.9%
variation in fasting glucose levels, 9.4% variation in 1 h glucose levels
and 15.4% variation in 2 h glucose levels was explained by positive
association with BPA. Finally, the regression models for fasting insulin
levels (R2 = 0.181; Beta = 0.426; p = 0.002), HOMA-IR (R2 = 0.295;
Beta = 0.543; p = 0.000) and QUICKI (R2 = 0.210; Beta = −0.459;
p = 0.001) demonstrated that 18.1% variation in fasting insulin levels,
29.5% variation in HOMA-IR was explained by positive association
with BPA and 21% variation in QUICKI was explained by negative as-
sociation of BPA. The regression models for hematological parameters
(HCT: R2 = 0.080; Beta = 0.284; p = 0.048, MCV: R2 = 0.129;
Beta = 0.360; p = 0.039) demonstrated that 8% variation in HCT and
12.9% variation in MCV was explained by positive association with
BPA.

3.4. Confounding analysis

In order to check for confounding effects of other variables, multiple
linear regression analysis was done using separate models. Initially the
BPA was studied in relation to one dependent variable and then the
potential confounders were added one by one backed by theoretical
evidences and change in beta value was noticed. The effect (beta-
coefficient) changed considerably with various variables but only the
significant ones are mentioned in the Table 5. The potential con-
founders associated with BPA in relation to clinical, hormonal, meta-
bolic and hematological parameters are as follows: for waist hip ratio→
FG score, insulin; BMI→Glucose 2-h, triglycerides; testosterone→glu-
cose fasting, HOMA-IR, QUICKI; glucose fasting→BMI, triglycerides,
Insulin; glucose 2-h→triglycerides, Insulin; cholesterol→triglycerides,
insulin, HOMA-IR, QUICKI; triglycerides→glucose fasting, glucose 2-h,
insulin, HOMA-IR, QUICKI; HCT→ QUICKI; MCV→LH/FSH, glucose
fasting, glucose 2-h, triglycerides, HOMA-IR, QUICKI. This analysis
clearly depicts that the confounder effect is visible among various
clinical parameters and it further implies that PCOS is a multispectral
disorder involving complex interactions among various variables and
thus needs to be further explored with large sample numbers for better
understanding of its pathogenesis.

4. Discussion

PCOS is a multifactorial heterogeneous condition and is present
most frequently with complaints of menstrual irregularity, hirsutism,
acne or alopecia, infertility, pregnancy complications alongside various
metabolic disturbances such as dyslipidemia, insulin resistance and
hyperinsulinism, type 2 diabetes and possibly cardiovascular disease
(Lath et al., 2015). As regards the baseline parameters in PCOS diag-
nosis, the present study showed a statistically significant increase in
anthropometric parameters like weight, waist circumference and a
statistically insignificant, small increase in waist hip ratio and BMI.
There was no significant difference between the two groups in terms of
age and age of menarche. As expected, in our study, we observed a
significant increase in FG score, testosterone levels and LH/FSH ratio
which are consistent with earlier reports (Dogan et al., 2014). Ap-
proximately 70% of PCOS women are thought to have abnormalities in
serum lipid levels and such abnormalities continue to exist even after
weight adjustment (Vrbikova et al., 2003). In our study we found a
significant increase in the lipid profile (total triglycerides and choles-
terol) of PCOS women as compared to the healthy controls and the
cause is multifactorial. Insulin resistance seems to have an important
role partly mediated by the stimulation of lipolysis and altered ex-
pression of lipoprotein lipase and hepatic lipase (Wild et al., 1985).

Further, a significantly higher prevalence rate of abnormal glucose
tolerance is reported in PCOS women as compared to the healthy
controls (Celik et al., 2013). A study by Ganie et al. concluded that
young Indian PCOS women have high Abnormal Glucose Tolerance
(AGT) which is not predicted by family history of type 2 DM and the
detection rate of AGT is significantly improved by OGTT (Ganie et al.,
2016). In our study we found that fasting serum glucose was compar-
able between PCOS women and healthy controls and the 2 h glucose
level was found to be significantly higher in PCOS women compared to
healthy controls. Insulin resistance is clinically defined as the inability
of cells to respond normally to the hormone insulin and fails to increase
the glucose uptake and utilization in an individual than it does in a
normal population. It can be assessed by means of Homeostasis Model
Assessment Insulin Resistance index (HOMA-IR), Quantitative Insulin
Sensitivity Check Index (QUICKI) and Fasting Glucose to Insulin Ratio
(FGIR). In present study, a significantly higher mean fasting insulin
levels, HOMA-IR and significantly lower QUICKI and FGIR was seen in
women with PCOS compared to healthy women and these accords well
with the results of other studies. Therefore, the results from our study
suggest that PCOS women are at increased risk of developing metabolic
syndrome and type 2 diabetes mellitus in future in comparison to
healthy individuals. The PCOS women should be routinely screened for
their metabolic profile so that the risk tendencies could be managed
well in time.

The potential causal association between PCOS and Cardiovascular
disease has been reported by many studies. The association between
PCOS and vascular dysfunction (platelet dysfunction) markers of sub-
clinical atherosclerosis and hypertension is suggested by several studies
(Kelly et al., 2002; Lo et al., 2006; Yildiz et al., 2002). There is a ten-
dency for thrombosis in patients with PCOS and this hyper coagulation
can be related to increased platelet count. Further, there are reports
that presence of risk factors related to atherosclerosis like hypergly-
cemia, hyperlipidemia and hypertension activates the vascular en-
dothelial cells and promotes the increased synthesis and release of
chemokines and cytokines into circulation. The resulting increased pro-
inflammatory state further augments the activation of WBCs and en-
dothelial cells and in doing so promotes the aggregation of platelets and
formation of thrombus (Ross, 1999). On the other hand, there is the
hypothesis that activation of leukocytes and platelets, increased platelet
number and cell mass promotes the platelet leukocyte aggregate for-
mation and contribute to increased risk for atherosclerotic disorders
(Harrison, 2005). Further, serum androgen levels have been shown to
affect platelet aggregation (Pilo et al., 1981). Therefore, the

Table 4
Linear Regression Analysis with BPA as an independent variable.

R Square Beta p value 95% Confidence Interval for B

Lower bound Upper bound

BMI 0.088 0.296 0.039 0.004 0.135
Waist 0.099 0.315 0.027 0.023 0.377
W/H 0.161 0.402 0.004 0.001 0.003
Testosterone 0.197 0.443 0.001 0.202 0.792
Glucose Fasting 0.229 0.478 0.001 0.216 0.719
Glucose 1 h 0.094 0.307 0.032 0.049 1.043
Glucose 2 h 0.154 0.393 0.005 0.219 1.178
Cholesterol 0.130 0.361 0.011 0.235 1.712
Triglycerides 0.131 0.362 0.011 0.251 1.813
Insulin Fasting 0.181 0.426 0.002 0.033 0.141
HOMA-IR 0.295 0.543 0.000 0.021 0.056
QUICKI 0.210 −0.459 0.001 0.000 0.000
HCT 0.080 0.284 0.048 0.001 0.155
MCV 0.129 0.360 0.011 0.039 0.290

Note: p < 0.05 is considered significant. HCT=Hematocrit; MCV = Mean
Corpuscular Volume; BMI= Body Mass Index; HOMA-IR=Homeostasis Model
Assessment Insulin Resistance Index; QUICKI = Quantitative Insulin Sensitivity
Check Index; BPA=Bisphenol A.
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hyperaggregability of the platelets in women with PCOS might also be
dependent on the hyper androgenic state. In our study, a significant
increase in platelets was observed in PCOS women as compared to
healthy controls and we conclude that increased platelet count might
put the PCOS women at increased risk of clot forming tendency. In
addition, Mean Corpuscular Hemoglobin Concentration (MCHC) was
found to be significantly higher in PCOS women as compared to healthy
controls. MCHC is defined as the average concentration of hemoglobin
in a given volume of red cells. The other hematological parameters
were found to be comparable between the two groups. Our results are
similar to the observation documented by Aleem et al., who reported a
significant increase in platelets and MCHC (Aleem et al., 2013). In
contrast, kebapcilar et al. showed a significant increase in WBC and
MPV levels in PCOS patients as compared to healthy controls
(Kebapcilar et al., 2009). A study by Yilmaz et al., in their study re-
ported a significant increase of RDW in PCOS women compared to
control women (ÃzrMehmet et al., 2014).

The present study showed a significant increase of serum BPA levels
in PCOS women as compared to control women. A significant positive
association between BPA and testosterone levels but not with LH and
FSH was seen in our study, a finding in agreement with previous studies
which have shown a significant association between BPA and androgen
levels (Kandaraki et al., 2011). The bidirectional interaction between
BPA and androgens is supported by a number of studies. Specifically, it
has been reported that BPA acts as a potent binder for sex hormone-
binding globulin and when present in higher concentrations displaces
androgens (Hanioka et al., 1998) and likely the free androgen index in
circulation gets increased (Kandaraki et al., 2011). Further, BPA is re-
ported to decrease the hepatic hydroxylase activity related to androgen
resulting in reduced degradation of testosterone and thus there is an
expected increase in hormone levels (Hanioka et al., 1998). In addition,
the metabolism of BPA is known to be influenced by androgens. An
increased androgen concentration down regulates the activity and
transcripts of a liver enzyme known as uridine diphosphate-glucur-
onosyl transferase (UGT) which has a role in clearance of BPA from the
circulation. As a result of this down regulation there is decreased de-
toxification and clearance of BPA creating a vicious cycle between BPA
and androgens (Fernandez et al., 2010; Takeuchi et al., 2006). BPA has
also been shown to stimulate hyperandrogenemia in the ovary and the
possible mechanism appears to be the high mRNA expression of some
vital enzymes involved in steroidogenic pathway, including steroido-
genic acute regulatory protein, cholesterol side chain cleavage enzyme
and 17-α hydroxylase (Zhou et al., 2008). Hence, it could be proposed
that an elevated levels of BPA presented in PCOS women in our study
along with their inherit enzymatic defect in ovarian androgen produc-
tion as has been suggested elsewhere, leads to further increase in the
overall androgen production.

Additionally, a significant positive association of elevated BPA le-
vels with BMI, Waist circumference and waist-hip ratio was seen in
PCOS women in our study and hence supports the role of BPA in in-
creasing visceral adiposity. Our data is confirmatory of earlier litera-
tures which have shown the association between BPA and BMI (Wang
et al., 2012; Zhao et al., 2012). Further, data from various In Vivo/Vitro
studies clearly showed the potential involvement of BPA for the non-
genomic activation of adipogenic transcription factors in 3T3-L1 pre-
adipocytes (Phrakonkham et al., 2008), up-regulation of adipogenic
genes (Somm et al., 2009), lipid accumulation, increase in adipocyte
differentiation (Wada et al., 2007; Masuno et al., 2005) and alteration
of glucose homeostasis (Alonso-Magdalena et al., 2006) which ulti-
mately results in hyperinsulinemia and T2DM. A study by Silvia et al.,
showed a significant correlation of BPA with markers of glucose
homeostasis (fasting plasma glucose, insulin and HOMA-IR), Waist
circumference and triglycerides (Silvia et al., 2015). Our data showed
similar observation of significant positive association of BPA with
fasting blood glucose, blood glucose-1 hour, blood glucose-2 hour, tri-
glycerides cholesterol, fasting Insulin and HOMA-IR in PCOS women.Ta
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This association let us to speculate the potential involvement of this
endocrine disrupting chemical in the metabolic aberration observed in
PCOS women.

To our knowledge we are the first to investigate the association
between BPA and hematological parameters in PCOS women. In our
study, a significant positive association of BPA was found with the RBC
indices (HCT and MCV) in PCOS women. MCV is defined as average size
of the red blood cells and Hematocrit (HCT) is the ratio of the volume of
red cells to the volume of whole blood. This linkage might be explained
by insulin resistance which has an essential role in PCOS pathogenesis.
The insulin receptor (INS-R) present during the entire period of de-
velopment in human erythropoietic cells implies that insulin acts as a
co-factor in erythropoiesis. The most widely accepted theory eluci-
dating the role of insulin in erythropoiesis is that the tyrosine kinase
activation in INS-R could be important for the growth-promoting action
of insulin (Azziz, 2006). Also, IR could stimulate proliferation of ery-
throid progenitors thereby resulting in increased R.B.C. mass (Aleem
et al., 2013). Elevated HCT could increase blood viscosity and periph-
eral resistance to blood flow, and further contribute to IR. Furthermore,
the association of BPA and insulin resistance has been demonstrated by
various studies like a single dose of BPA, in an adult mice, resulted in an
immediate decrease in glycemia, an increase in insulin, and lowered
metabolism, while a prolonged exposure increases beta-cell insulin
concentrations, and results in chronic hyperinsulinemia and insulin
resistance (Alonso-Magdalena et al., 2006; Batista et al., 2012; Ropero
et al., 2008).

In conclusion, our study demonstrated that PCOS women have
elevated BPA levels as compared to control women and are strongly
related to the testosterone levels and the metabolic aberrations asso-
ciated with the syndrome. To the best of our knowledge we are the first
to describe the positive association of BPA with the erythrocyte para-
meters (HCT and MCV) along with the positive association with the
fasting blood glucose levels, blood glucose 2 h, total cholesterol, tri-
glycerides, fasting insulin and HOMA-IR and negative association with
QUICKI. These findings suggest the potential role of this abundant
chemical compound in the pathogenesis of PCOS and further studies are
needed on a large sample size to clarify the possible clinical implica-
tions of these findings.
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