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Abstract

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder of unknown 
etiology. During last decade several studies have been conducted to identify 
the underlying causes of PCOS that includes multi-genetic and environmental 
factors. In laboratory animals, exposure to environmental toxicants has been 
shown to disrupt ovarian and reproductive function in females, often at doses 
similar to typical levels of human exposure. In humans, heat shock proteins 
(HSPs) and endocrine disruptor chemicals (EDCs) especially, bisphenol A 
(BPA) are increased due to globalization that play a role in the women with 
PCOS, which further complex by life styles. Still efforts are going on to dissect 
out the pathophysiology of the syndrome, and future research is required to 
unravel the mechanisms by which BPA, heat stress, obesity, adiponectin, insulin 
resistance (IR) etc., may contribute to PCOS and the critical periods of exposure 
too, which may even have transgenerational consequences. This review briefly 
discuss the current knowledge of the pathogenesis of PCOS along with the 
impact of climate change scenario and life style factors; and also throw a light 
on the future direction of research. For this purpose, data were mainly identified 
and presented through Pubmed, Medline, Toxline, Research Gate and web 
browser (Google) searching using numerous combinations of terms pertaining 
to different aspects of PCOS.
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in recent decade, the range of potentially relevant environmental 
factors broadens to include environmental chemicals, which could 
constantly change the climate of our surrounding due to rapid 
industrialization and globalization. Therefore, the exposure of 
potential hazardous substances are now given great consideration in 
reviewing and assessing the increasing risk of reproductive disorders 
such as, menstrual irregularities, early menarche, uterine and breast 
fibrosis, polycystic ovary syndrome (PCOS) and subfertility in the 
young women that too add economical and psychological pressure on 
the society. PCOS is a multi-factorial disorder with various genetic, 
endocrine and environmental abnormalities, which is a common 
cause of infertility and pregnancy complication.

PCOS Prevalence, Signs and Symptoms
PCOS, the most common and complex endocrine disorders in 

the women worldwide [1] that affecting 5-20% of the reproductive 
age group women [2,3] with 9–36% prevalence in the adolescent 
girl only [4]. These wide variations in prevalence may be due to 
heterogeneous presentation of the symptoms, diagnostic criteria 
practiced, limitations in diagnosis, age groups, and ethnicity. 
With the cause of PCOS being idiopathic and currently unknown, 
various researches have shown that environmental factors such 
as, endocrine disrupting chemicals (EDCs) especially, bisphenol 
A (BPA), poor nutrition and diet, obesity, insulin resistance (IR), 
type II diabetes (T2DM) and hormonal imbalances contribute to 
hyperandrogenism, ovulary dysfunction (chronic anovulation) and 
polycystic ovaries, the major symptoms of PCOS [5]. According to 
a study, 44% of the women with PCOS are obese [6]. A secondary 
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Introduction
Climate change is the planet’s biggest threat in the 21st century, 

affecting several health issues in young men and women through 
its potential effects on extreme weather, heat stress, food and water 
consumption, obesity and life style. Among the climatic variables, 
temperature and humidity are common environmental stressors 
that have great impact on the fertility of mammals across the globe 
by altering hormonal and physiological profiles, signaling cascades 
and compromising developmental competence of the embryo. Also 
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study linking PCOS and obesity goes on to confirm that weight loss of 
5% show significant improvements in the symptoms, and therefore, 
it can be said that obesity has a strong link to the development of 
PCOS [7]. Hyperandrogenism, perhaps the most consistent and 
obvious diagnostic feature of PCOS, is assessed clinically by acne, 
hirsutism and alopecia, and also by biochemical indices, including 
free testosterone and sex hormone binding globulin (SHBG), and 
increasing LH : FSH ratio [8,9]. De Leo et al., demonstrated low 
aromatase activity in the PCOS patients, which is a granulosa cell 
enzyme that converts androgens into estrogens, which may be partly 
responsible for hyperandrogenism in this syndrome. Elevated levels 
of androgens have a negative impact on follicular development, 
causing atresia, as well as ovarian development, inhibiting meiotic 
maturation by decreasing oscillations of intracytoplasmic calcium 
levels [10]. Further, a significant increase in the insulin growth factor 
(IGF)-1/insulin like growth factor binding protein (IGFBP)-1 in 
the theca cells induces androgen production in PCOS. Moreover, 
IGF-1 and IGFBP-1 stimulate estrogen production by the granulosa 
cells, and synergically act with FSH and LH in modulating the 
expression of aromatase; and also exert an indirect control on ovarian 
steroidogenesis like, insulin through hypothalamus-pituitary-ovarian 
axis [10,11]. Moreover, Hughes et al., revealed that genes involve 
in steroidogenesis such as, genes of retinoic acid biosynthesis and 
LH-stimulated gene pathways, are generally up-regulated in PCOS, 
whereas genes involve in Wnt signaling pathway appear to be down-
regulated [12]. Immune response genes and those involve in apoptosis 
are also altered in PCOS, but the net effect of these alterations is 
unclear; though there is a possibility of diagnostic biomarker for 
PCOS. Partly due to PCOS definition, 60–80% of the women with 
PCOS have abnormally elevated circulating testosterone [13]. These 
clinical characteristics and biochemical indices can vary greatly 
among the individuals depending on many factors as mentioned-
above as well as body mass index (BMI).

The signs and symptoms of PCOS often appear in childhood 
and adolescent, indicating fetal and early postnatal molecular events 
are responsible. Though guidelines are not available for PCOS 
management in children, but in young girls diagnosis is based on 
the exclusion of other causes of excess androgen and inappropriate 
menstrual cycle. The diagnosis of PCOS faces several challenges such 
as, difficulty of menstrual irregularity-based diagnosis, BMI and 
androgen variations in adolescence, common pre-pubertal hirsutism 
and acne, IR in pubertal children, adolescence, and regular menstrual 
cycle with polycystic ovaries [14]. However, thyroid function test, 
fasting glucose test, lipid level test, vaginal ultrasound and pelvic 
examination by doctors along with medical history etc. are the 
common management system of PCOS till date. 

EDCs and PCOS Development
A major environmental factor link to PCOS is EDCs. Since World 

War II, advancement in worldwide production and use of chemicals 
increase exponentially. Over 80,000 chemicals are now used in US 
alone and approximately 1500 new chemicals are introduced every 
year [15]. Of these, at least 870 are documented EDCs, and because 
most of the chemicals in production have not been tested for adverse 
health effects, it is almost certain that more EDCs are yet to be 
identified [16], but what is not realized is that EDCs like, pesticides 

are persistent in living organisms and can accumulate in fat over the 
years [1]. EDCs can mimic endogenous hormones and/or interfere 
with the production, secretion, transportation, metabolism, binding 
action and excretion of the natural hormones. Originally, EDCs 
are thought to act by interfering with hormone binding at classical 
nuclear receptors; but today, it is well established that EDCs have 
numerous modes of actions and can also interfere with transcriptional 
factors, non-steroid receptors (i.e., neurotransmitter receptors), 
orphan receptors (aryl hydrocarbon receptor) and enzymatic activity 
[17,18], leading to altering reproductive function, neurodevelopment 
and metabolism, increasing cancer risk, and many more. Hence, 
understanding the mechanism of action of EDCs is the first step 
towards the problem associate with PCOS. According to Minf et 
al., EDCs have an affinity for androgen receptors; however, they can 
bind to many other hormonal receptors too [19]. Once bound, EDCs 
can either become active and mimic the action of the receptor with 
which it bound, or stay inactive and block the receptor sites making it 
unavailable, thus inhibit the receptors action.

Some EDCs, such as BPA and certain phthalates, are found 
in the environment that have significant body burden [20]. 
Further, alteration of serum phthalates, polychlorinated biphenyls, 
perfluorinated compounds, BPA etc. in the PCOS patients are in 
consistent with the anti- androgenic effects of phthalates as observed 
by Vagi et al., [21]. In animal models with no direct exposure to 
EDCs even as the germ cells, can show increase incidence of PCOS-
like symptoms following exposure of EDCs to the generations 
earlier [22-25]. Importantly, exposure at low doses may be linked 
to adverse health effects because of non-monotonic dose-response 
relationship of EDCs [26]. Complicating the issue, a typical person 
has measureable levels of dozens of EDCs at once, and very little is 
known about the health risks associated with the chemical mixtures 
[27]. However, it is plausible that EDCs may contribute to the etiology 
of PCOS along with other factors, or may modify the presentation of 
this highly heterogeneous disorder. Thus far, the preponderance of 
research has focused on a single EDC, BPA, and for that reason it is 
the focus of the current review also.

Direct and Indirect Effects of BPA in PCOS
BPA (C15H16O2), a synthetic compound, a xenoestrogen, is one 

of the most abundant EDCs in the environment that leaches out 
during the production of polycarbonate plastics and epoxy resins; 
hence, found in daily use plasticwares, water bottles, overhead water 
storage tanks, packaging for food and drink, and dental materials 
[28]. A positive correlation is observed between plastic usage and 
the reproductive disorders in the young women [29,30]. BPA and 
another analogue, Bisphenol S (BPS, C12H10O4S) are responsible 
for different types of female reproductive abnormalities including 
interference of hypothalamic-pituitary hormonal axes, ovarian 
folliculogenesis, oocytes development and receptivity, resulting in 
reproductive disorders, disruption of androgen metabolism in the 
liver and lastly, infertility [31]. Apart from its well-known estrogen-
mimetic properties, BPA plays a role in androgen metabolism. 
There are several lines of evidences indicating the existence of a bi-
directional interaction between BPA and androgens. Specifically, it 
has been reported that uridine diphosphate-glucuronosyl transferase 
activity, a liver enzyme involve in BPA clearance from circulation, 
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is down-regulated by androgens [32]. Additionally, BPA is a potent 
SHBG ligand and, accordingly, in high concentrations, displaces 
androgens from SHBG binding sites, leading to increase circulating 
free androgen concentrations [33]. Moreover, BPA significantly 
inhibits the activity of two different testosterone hydroxylases i.e., 2- 
and 6-hydroxylase, resulting in decreases testosterone catabolism and 
indirectly increases testosterone concentrations [34].

Androgens actually interfere with the removal of BPA from body, 
and disruption of androgen metabolism along with this phenomenon 
work in synergy to create hyperandrogenemia [28,35]. In fact, as 
compared to estrogenic compound diethylstilbestrol and genistein, 
BPA directly exerts its effect on SHBG, androgens, and FSH and 
LH receptors, leading to endometriosis, endometrial hyperplasia, 
recurrent abortion and PCOS. The significant positive association 
with PCOS is supported by increasing serum androgen level and BPA 
concentration in the neonatal rats, manifested by hyperanrogenemia, 
anovulation, ovarian cysts, high GnRH and dysregulation of insulin 
secretion and glucose metabolism [36]. In utero exposure in mice 
causes transgenerational effects as evidenced by fewer pregnancies in 
the progeny [37,38]. Further, BPA indirectly affects ovarian function 
by re-programming the neuroendocrine axis. The cell- or tissue-
specific activity of BPA depends on the differential expression of the 
estrogen receptor variants and signaling cascades activated by them 
due to affinity of the aryl hydrocarbon receptor, estrogen receptor 
subfamily ER-α and ER-β, membrane bound estrogen receptor 
GPR30 and orphan nuclear receptor subfamily of estrogen related 
receptor ERR-α, ERR-β and ERR-γ with BPA and BPS [39,40]. The 
initial rise of BPA in the first half of pregnancy followed by significant 
reduction in the late stage reveals transportation of BPA to the 
amniotic fluid and accumulates in the uterine cavity during first half 

due to its low metabolic clearance [28].

Another very interesting point connecting BPA with PCOS is the 
observation that BPA per se may stimulates hyperandrogenemia in 
ovary, because in vitro culture of the rat ovarian theca-interstitial cells 
with BPA resulting in elevation of testosterone synthesis [41]. The 
mechanisms appear to be linked with the increase mRNA expression 
of the key enzymes of steroidogenesis, including 17-β hydroxylase, 
cholesterol side chain cleavage enzyme, and steroidogenic acute 
regulatory protein [41]. In PCOS, ovarian hyperandrogenism is 
partly attributed to the activation of this steroidogenic pathway [42]. 
Increase BPA levels in PCOS interacts with the ovary carrying an 
inherent enzymatic defect also, which leads to further enhancement 
of ovarian androgen production, and therefore, hyperandrogenemia 
as well as the anovulatory women [35]. Also high androgen level of 
uridine diphosphate-glucuronosyl transferase activity in the liver is 
reduced, which plays a role in metabolism and excretion of BPA [32]. 
This may partly explain why BPA concentrations are typically higher 
in males than in females in both the humans and the animals [43,44], 
and in the women with PCOS than the BMI-matched controls 
[28,35]. Tarantino et al., showed the women with BPA exposure 
suffering from PCOS and metabolic dysfunction such as, high IR, 
hepatic steatosis, spleen size and inflammation as compared to the 
control after adjusting BMI [45]. Prenatal BPA exposure is associated 
with lower BMI in the pre-pubertal girls; however, high level of BPA 
is linked with increase waist circumference and BMI [46]. High 
BPA in the adults is also related with diabetes, cardiovascular (CV) 
disease and abnormal liver enzyme levels [47]. Though circulating 
BPA concentrations correlate with BMI, but both the lean and obese 
women with PCOS showed BPA levels similar to the obese controls, 
but higher than the lean controls [35]. Therefore, in the women 

Figure 1: Critical period of EDCs (BPA) affecting PCOS in life time, contributing reproductive and metabolic interference through genetic and epigenetic pre-
disposition (Naha N, 2017).
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with PCOS, BPA Levels appear to be comparable in the lean and the 
overweight groups.

Further, the time of exposure of BPA contribute to PCOS raise 
a serious concern, as for many EDCs, the period of exposure and 
clinical onset of disease coincide, sometimes in decades. For many 
chemicals, the greatest risk is the pre- and early post-natal period, 
when organ systems and endocrine homeostasis are established. 
For that reason, animal research on BPA and PCOS has targeted 
perinatal chemical exposure and transgenerational effects. The high 
doses of BPA is found during postnatal days1–10 of the rats upon 
subcutaneous exposure, which develops PCOS-like symptoms in the 
adulthood including increase serum testosterone and estradiol, reduce 
progesterone and ovarian cysts [36]. However, the analogous human 
studies targeting early exposure are logistically difficult though the 
examination of BPA exposure during adulthood is in reality. Overall, 
the prenatal and the early postnatal environment may play a role in 
this disorder; excessive androgens in utero cause PCOS supported by 
the animal experiments. Elevated androgen levels or activity in the 
fetus could promote PCOS-like symptoms later in life, at least under 
certain postnatal conditions. Further, intrauterine growth restriction 
by BPA may alters adipose tissue function, contributing to IR and 
possibly PCOS in later [28,48], which strengthen the fact that perinatal 
environment is crucial for the adult risk of PCOS, reproductive and 
metabolic interference through hypothalamic-pituitary- ovarian axis 
(Figure 1).

Moreover, EDCs, especially, BPA are strongly associated with the 
existence of PCOS that may imply an involvement of these chemical in 
PCOS pathophysiological mechanisms. Certainly, due to study design, 
the data do not detect causality in the pathophysiological mechanism 
linking BPA with PCOS. However, experimental data of the neonatal 
exposure to BPA and the subsequent development of PCOS in the 
animals are suggestive of a possible interaction of this abundant 
chemical with the hormonal and metabolic abnormalities as observed 
in the women with PCOS. BPA also affects adipocyte differentiation 
[49], inhibits adiponectin, protects against metabolic syndrome, 
and increases genes expression in adipocyte differentiation [50,51]. 
BPA activates glucocorticoid receptors; resulting in up-regulation of 
11-β-hydroxysteroid dehydrogenase that catalyzes the conversion 
of cortisone to cortisol, thus further promoting adipogenesis [52]. 
It induces pancreatic β-cells to increase insulin production and 
disrupts glucose homeostasis, lower metabolism, thus suggesting one 
route by which BPA may promotes chronic hyperinsulinemia and 
IR [53-57]. In fact, current evidence suggests that pancreatic β-cell 
dysfunction by BPA exposure is mediated by mitochondrial activity 
and metabolic pathways [58]. BPA alters global DNA methylation in 
the murine preadipocyte fibroblasts too [59]. BPA also exacerbates 
normal pregnancy-related IR, resulting in reduced glucose tolerance 
and increased insulin, triglygeride, glycerol and leptin levels, and 
body weight compared to the controls even several months post-
partum [60]. Kandakari et al., showed the degree of IR is statistically 
different between the PCOS and the control groups, and the lean and 
the obese subgroups with a positive correlation of BPA among the 
PCOS women; hence, speculated a possible impact of BPA in insulin 
action [28]. Animal study also showed the environmentally relevant 
doses of BPA are linked to disturbance of pancreatic physiology and 
glucose metabolism, thus enhancing the risk for IR development 

in the intact animals [56]. All together, these observations suggest 
many mechanisms by which BPA as one of the main EDCs may alter 
androgen and metabolic activity, and induce epigenetic modifications 
during PCOS or PCOS-like symptoms.

Role of Heat Shock Proteins, Trace Elements 
and Heavy Metals in PCOS

Heat shock proteins (HSP) are a family of chaperon proteins 
that are expressed at low levels under normal condition but are 
increased dramatically in response to exposure of cells to stressful 
conditions to modulate cellular function and protein homeostasis 
[61]. Ling et al., revealed knock-down of HSP10 induces apoptosis 
in mouse ovarian granulosa cells, whereas over expression suppresses 
apoptosis, suggesting HSP10 may regulates apoptosis in mouse ovary, 
and therefore possibly play a key role in development of PCOS [62]. 
Several studies indicated high serum HSP70 represents ovarian 
damage [63], disease severity in transgenic mice against oxidative/
ischemic stress [64], and several chronic disorders including CV 
diseases and T2DM [65,66]. HSP70 also increases during heat stress 
[67]. Gao et al., identified HSP70 as an independent biomarker for 
PCOS as its serum level is elevated in the non-obese PCOS patients 
accompanying with notable positive correlations with IR index, 
HOMA-IR, oxidative stress and inflammatory markers link to 
CV risk and T2DM when compared to the age and BMI-matched 
healthy controls [68]. Release of ROS during oxidative stress triggers 
circulating markers in the women with PCOS, leading to oxidation 
and aggregation of vital proteins and DNA, ultimately resulting in 
failure of normal cell function [61]. Therefore, possibly HSP70 in 
the PCOS patients confers protection against lipid peroxidation and 
oxidative stress, and may be useful for global assessment of PCOS 
risk. Moreover, an isoform of HSP90, HSP90B1 that has a role in 
proliferation and survival of the ovarian cells, become up-regulated 
and promotes the granulose cell proliferation in the pathogenesis of 
PCOS [69]. But HSP90B1 knock-down increases caspase-3 activity 
and apoptosis in the ovarian cells [69], suggesting modulation of 
HSP90B1 activity via molecular intervention become useful strategy 
for PCOS management.

Essential trace elements have four major functions as being 
stabilizers, elements of structure, essential elements for hormonal 
function and cofactors in enzymes. Trace elements such as, zinc (Zn), 
copper (Cu), manganese (Mn), magnesium (Mg) are involved in cell 
metabolism and regulatory pathways that controlling oxidative stress, 
whereas heavy metals such as, cadmium (Cd), cobalt (Co), lead (Pb) 
etc. play a role in the formation of reactive oxygen species (ROS) 
and increasing membrane lipid peroxidation; thereby promoting 
oxidative stress. Excessive ROS and hence, oxidative stress is 
associated with PCOS in the patients [70], suggesting a relation 
between trace elements, heavy metals and PCOS, link to the redox 
homeostasis. Studies also found that Cu induces oxidative stress by 
catalyzing ROS formation and glutathione depletion in the PCOS 
patients [71]. Kuscu and Var showed high Superoxide Dismutase 
(SOD) in the PCOS patients [72]. But according to Kurdoglu et al., 
serum Zn level is higher in the patients with PCOS, but serum Mn 
is half of the corresponding serum levels of the controls [73]. Since 
oxidative stress is increased in PCOS; therefore, it is possible that 
serum Mn level is decreased due to consumption in the antioxidant 
defense system including Mn-SOD. But no statistical significance is 
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observed in between serum Mg and age, BMI and testosterone in this 
study. In contrast, low serum Mg in the PCOS patients is reported 
by Muneyyirci-Delale et al., [74] though Kauffman et al., noted no 
significant difference between the PCOS patients and the controls 
with respect to serum Mg level [75]. Further, heavy metals Pb and 
Co induce free radical-mediated DNA damage, whereas Cd though 
not contributing free radicals directly, but indirectly forms ROS. 
Kurdoglu et al., found low serum Pb level and inverse correlation 
with total testosterone in the PCOS patients, but serum Co and Cd 
levels remain within the normal range [73].

Obesity, IR, T2DM and Metabolic Aspects of 
PCOS

PCOS is not just limited to these above conditions; it can also be 
accompanied by obesity and metabolic aspects discussed below, which 
confirm that all these factors play a pivotal role in the pathogenesis 
of PCOS; and need to be included as a factor during diagnosis of 
the syndrome. Gupta et al., summarized the common metabolic 
signaling pathways in a heterogeneous population of the PCOS 
patients, indicating that the altered protein/gene expression profiles 
are relevant to glucose and lipoprotein metabolism, cell proliferation, 
apoptosis and IR [76]. High IR is the central feature of PCOS as a 
prevalence of 25–60% the women with PCOS is accompanied by IR, 
oxidative stress and chronic low-grade inflammation [77]. Using 
euglycemic hyperinsulinemic clamp technique, Holte et al., showed 
a significant correlation between abdominal fat mass and IR [78]. 
Several studies also demonstrated that the obese PCOS women have 
lower insulin sensitivity and T2DM than the age- and body weight-
matched controls, which further leads to severe IR state [79,80]. In US, 
70% of the women with PCOS are IR, and prospective clinical studies 
among them have revealed a 7.5–10% prevalence of T2DM compared 
to 0.7% prevalence in the healthy young women [9]. Furthermore, the 
conversion rate from impaired glucose tolerance to frank diabetes is 
5–10 folds higher in the women with PCOS compared with the non-
PCOS women in both US and Australia [9]. Also more than half of the 
normal weight PCOS and majority of the obese PCOS women are IR, 
and a significant number develop T2DM by the age of 40 yr [81,82]. 
Ehrmann et al., also suggested a 5–10 folds increase in conversion 
from impaired glucose tolerance to T2DM [83]. Presence of PCOS is 
higher in the women with T2DM than in the non-diabetic women as 
shown by Peppard et al. [84].

Upon hyperglycemia, stimulation of ROS generation from 
the mononuclear cells may serves as an inflammatory trigger for 
the induction of IR in PCOS [70]. Thus PCOS and its metabolic 
complications may be explained by the existence of the potential 
interaction among these factors, and the clinical heterogeneity may 
be explained by the individual variability in the relative contributions 
of this interaction. De Leo et al., reported the higher risk of metabolic 
and CV diseases, and the related morbidity in the PCOS patients as 
compared to the general population [10]. Block et al., reported the 
role of obesity in inflammatory processes relevant to CV risk in the 
women with PCOS [85]. Both the lean and the obese PCOS women 
have peripheral IR and hyperinsulinemia. In Indian population, 
studies showed relation of PCOS with hypertension, diabetes and 
endometrial hyperplasias mainly in the obese, and increasing the risk 
of morbidity at a much younger age than the lean ones [86]. Moreover, 

oxidative stress in PCOS is associated with hyperglycemia and 
hyperinsulinemia [70]. ROS release during oxidative stress triggers 
circulating markers in the women with PCOS, leading to oxidation 
and aggregation of vital proteins and DNA, resulting in the failure 
of normal cell function. Nakhjavani et al., showed association of IR 
with obesity or habitual consumption of fatty diets link to increase 
cellular levels of stored triglycerides and fatty acid derivatives, 
increase expression of HSP70 etc., manifested by pathogenesis of 
IR disorders such as, metabolic syndrome and T2DM [65]. This 
involvement appears to be bi-directional, because not only does 
HSP70 accumulation favors IR and contributes to pancreatic β-cell 
dysfunction and diabetes, but also facilitates HSP70 accumulation 
within the body during PCOS.

Adipokines, the secretory proteins of adipose tissue have multiple 
functions including modulation of inflammation and obesity, leading 
to other metabolic disorders [87,88]. With regards to inflammation, 
pro- and anti-inflammatory adipokines are crucial in determining the 
homeostasis related to nutrition, as elevation of pro-inflammatory 
adipokines and lowering of anti-inflammatory adipokines is found in 
the rodents and the humans linked with obesity. Mostly adipokines 
are pro-inflammatory with a few exceptions of adiponectin, such as, 
a secreted frizzled-related protein 5, visceral adipose tissue-derived 
serine protease inhibitor (Vaspin) and omentin-1. Many revent studies 
have also shown an alteration of adipokine secretion in the PCOS 
women [89,90]. Further, the women with PCOS manifest distribution 
of visceral fat in the abdominal region as opposed to the thighs and 
hips. Abdominal distribution of fat is associated with high risk of IR, 
diabetes and lipid abnormalities [91]. Studies also shown that the 
obese PCOS women have significantly lower SHBG plasma levels 
compared to their non-obese counterparts, which further worsen 
hyperandrogenism along with menstrual disturbances and hirsutism 
[92]. The PCOS women further have higher lipid profile, lower level 
of high-density lipoprotein cholesterol and higher concentration 
of very low-density lipoprotein [93]. The patients with PCOS show 
higher levels of leptin and other pro- inflammatory adipokines such 
as, visfatin and vaspin etc., while lower levels of adiponectin and 
omentin in the young population. A study showed that the PCOS 
women had lower levels of adiponectin with IR as compared to 
the non PCOS control group with a similar BMI, suggesting serum 
adiponectin levels are not governed entirely by the degree of adiposity 
in the women [94]. Moreover, the family history of PCOS and IR can 
be correlated with significantly lower adiponectin levels in the PCOS 
women below 25 years of age that may worsen over time [95]. Modest 
weight loss of 5–10% of initial body weight has been demonstrated to 
improve many of the features of PCOS [96]. Hence, therapy should 
focus on both the short- and long-term reproductive, metabolic 
and psychological features. Given the aetiological role of IR and the 
impact of obesity on both hyperinsulinemia and hyperandrogenism, 
multidisciplinary life style improvement aimed at normalizing IR, 
improving androgen status and aiding weight management are 
recognized as a crucial initial treatment strategy [96].

Life Style Factors and PCOS Management
Fast food and competitive food such as, cheese, burgers, French 

fried potatoes, sugar sweetened beverages etc. are typically called 
‘junk food’, rich in refined starch, added sugars, saturated fats and 
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total carbohydrates with less dietary fibers. These foods are popular 
among the adolescents and youths, which compromise the diet 
quality, imbalance in the energy intake and increase the risk of obesity 
[97], thereby affecting body weight, and displacing better and healthy 
food options that raises serious public health concerns, especially, in 
the children and the adolescents. In US, studies has been found that 
person who eat more junk food consume more calorie per day on an 
average as compared to the ones who do not [98,99]. Jeffery et al., 
reported an association between people frequently eating from the 
fast food restaurants with higher body weight and unhealthy eating 
habits [100]. The women suffering from PCOS present an increase 
quantity of visceral fat in the obese, overweight and also in the normal 
weight patients [101]. At the present global situation, increasing 
rates of obesity and unhealthy dietary habits, canned drink along 
with sedentary life style are the causative factors of generating PCOS 
and/or PCOS-like symptoms among the adolescent and young girls 
[102]. Therefore, life style changes remain a concern for the young 
women with PCOS. Thus, PCOS management should focus on 
support, awareness, knowledge and education among the adolescent, 
young and adult women of reproductive age, and needs to strongly 
emphasize the healthy life style with targeted medical therapy as 
required [96].

Life style modifications is important as the first-line treatment 
because life style changes such as, diet, exercise and behavioral 
modifications appear to improve the metabolic and reproductive 
abnormalities of the overweight and the obese patients with PCOS 
[103]. But life style modification affects a woman physically as well 
as mentally, so psychological, behavioral and emotional supports 
are valuable while treating such cases. Farell and Antoni indicated 
as improve physiological processes with the result of improving 
IR, hypothalamo-pituitary-adrenal axis functioning, obesity and 
hyperandrogenism, PCOS may be alleviated and incidence of 
PCOS among the adolescents can be reduced, suggesting medical 
management of PCOS would benefit greatly from inclusion of 
psychological and/or behavioral and emotional approaches [9]. 
Further, Elmenim and Emam revealed life style modifications create 
positive psychological effects including mood and psychological 
well- being, stress management, decrease depression and anxiety, 
and increase self-esteem and health related quality of life (HRQOL) 
scores for the women with PCOS [104]. Hence, the first line therapy 
for PCOS involves life style modifications, including alcohol, 
caffeine, smoking, psychological stressors, nutritional counseling 
and exercise etc., to help stave off the threat of diabetes, childhood 
and/or adolescent obesity by promoting sustainable weight loss 
and improving glucose metabolism that contribute to stabilize this 
distressing syndrome among the affected population [105]. However, 
when efforts at life style therapy are inadequate or unsuccessful, 
medications are selected based on the patient-specific metabolic 
disorders including IR, anovulation and menstrual irregularities link 
to high androgen level [106]. 

Conclusion and Future Direction of Research
The most interesting and unexpected findings of the recent 

research on this issue in present scenario is the women with PCOS, 
BPA levels are higher compared with the BMI-matched healthy 
women, and are positively associated with the hormonal and 
metabolic abnormalities characterizing the syndrome. Further, 

transgenerational effects of BPA and other EDCs like, phthalates, 
vinclozolin, dioxin, pesticides, jet fuel etc. in the animals are extended 
not only in the generation with gestational exposure (F1) or their 
offspring (F2), but also in the subsequent generation (F3) who 
never exposed at all directly, resulting in declined fertility, disrupted 
pubertal development, primordial follicle loss, polycystic ovaries and 
so on, that relevant to human PCOS symptoms, suggesting a potential 
role of several EDCs in PCOS pathophysiology. To our knowledge, 
prenatal or early postnatal exposure of EDCs in the humans has not 
conducted to assess PCOS incidence in the female infants, children, 
and girls approach to adolescence and adulthood. Also limited studies 
are reported on trace elements, heavy metals and other EDCs except 
BPA in PCOS, as well as small subject size in the available human 
studies. Moreover, the humans unlike the animals expose to dozens 
of chemicals at a time, so combinations of exposures may contribute 
to this disorder. This is obviously a challenge for research on human 
population due to long intergenerational interval and virtually 
continuous exposure to chemicals in the modern environment.

Thus, we propose four promising future direction of research. 
First, pre-clinical and clinical investigations targeting increase risk 
generations after the initial exposure and subsequent epigenetic 
signature to elucidate the possible mechanism of PCOS pathogenesis 
link to broad-spectrum EDCs and other new chemicals with potential 
disrupting capacity of estrogen, androgen and metabolic pathways, 
and causing PCOS and/or PCOS-like symptoms. Second, further 
research into “mixtures” of chemicals including low doses though 
complicated but more relevant on reproductive disease/disorder in the 
current climate change scenario. Third, based on pre-clinical data that 
contribute to prenatal programming of endocrine and reproductive 
function by BPA, development of PCOS in a longitudinal cohort 
upon early life exposure in order to provide new insights of PCOS. 
Finally, signaling pathways considering several up- and down-stream 
molecules especially, different HSPs and their isoforms, adipokines 
especially, adiponectin and its receptors etc. in further translational 
research to improve our understanding of the molecular mechanism 
of PCOS development, diagnosis and therapeutic alternative for the 
women suffering from PCOS.
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