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ABSTRACT. Polycystic ovary syndrome (PCOS) is a complex
and enigmatic syndrome of unknown origin and etiology en-
closing a broad spectrum of phenotypic manifestations. PCOS
pathophysiology combines reproductive and metabolic ab-
normalities into a heterogeneous disorder that has pervasive
and devastating health consequences. Inquiring the genera-
tive roots of the syndrome, it has become increasingly ap-
parent the role of the environment as a determinant factor.
Experimental exposure to industrial endocrine disruptors has

been related with the impairment of normal reproductive
function and metabolic regulation possibly favoring the de-
velopment of or aggravating PCOS-resembling clinical disor-
ders. Industrial chemicals may reflect the contributing role of
an unfavorable environment to unveil PCOS characteristics in
genetically predisposed individuals or further deteriorate the
hormonal and fertility imbalances of PCOS-affected females.
(J. Endocrinol. Invest. 36: 1105-1111, 2013)
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex and het-
erogeneous disorder that represents the most common
endocrinopathy among women of reproductive age
with a prevalence of 6.5-6.8% (1, 2). Cardinal features of
the syndrome are reproductive (chronic anovulation, hy-
perandrogenism, polycystic sonographic appearance of
the ovaries) and metabolic (insulin resistance, metabol-
ic syndrome, obesity) aberrations that synergistically
lead to the clinical phenotype of PCOS (3). The recog-
nition of the multiple, potential, long-term health haz-
ards (increased risk for cardiovascular disease, Type 2
diabetes and presumably increased cancer risk) (4) has
warranted medical interest on the mechanisms impli-
cated on syndrome’s pathogenesis. Though the etio-
logic roots of PCOS remain largely enigmatic, they ap-
pear to involve environmental/nutritional and genetic
components.
One of the well-recognized environmental determinants
of PCOS is diet with overnutrition-related obesity known
to exacerbate many of the PCOS symptoms. In a more
analytic perspective, not only the quantity but the quali-
ty of diet has been implicated as the high content of food
in advanced glycated end-products has an aggravating
effect on the clinical course of the syndrome (5).
Though nutrition represents a key factor in the environ-
mental dimension of the syndrome, it is highly likely that
other modifiers in the environment perhaps unrecognized
or little recognized may also play a role, for instance ex-
posure to industrial endocrine disruptors (ED). The mod-
ern industrialized environment in developed countries is
a constant source of a variety of chemicals that can be de-
tected in high levels at top of food chain due to their per-

sistence and bioaccumulation potency. Exposure in peo-
ple is typically a result of contamination of the food chain,
inhalation of contaminated house dust or occupational
exposure and rarely a result of accidental exposure.
The list of industrial disrupting chemicals is highly het-
erogeneous and includes synthetic chemicals used as in-
dustrial solvents/lubricants and their byproducts [poly-
chlorinated biphenyls (PCB), polybrominated biphenyls
(PBB), dioxins], pesticides and herbicides (such as di-
chlorodiphenyl trichloroethane (DDT) or its metabolites,
methoxychlor (MXC)], fungicides (vinclozolin), heat sta-
bilisers and chemical catalysts (such as tributyltin), plastic
contaminants [e.g. bisphenol A (BPA)] and plasticizers
(e.g.phthalates) or pharmaceuticals components (i.e. di-
ethylstilbestrol; 17α-ethinylestradiol) (6). Humans and an-
imals are typically exposed to a mixture of ED which may
act additively, increasing the effect exerted on a single
physiological process, or may initiate many, separate, dis-
ruptive effects that may, when combined, have more se-
vere health consequences.
Hypothetically, the by-definition ability of ED to “inter-
fere with the production, release, transport, metabolism,
binding, action, or elimination of natural hormones in the
body responsible for the maintenance of homeostasis, re-
production, development, and/or behavior” (7) may ag-
gravate or contribute to the hormonal imbalance charac-
tering PCOS. Such interplay could involve both the re-
productive and metabolic feature of the syndrome favor-
ing its clinical appearance in predisposed individuals.
Whether this hypothesis can be transformed from a bi-
ologically plausible interaction to a human health effect
is very difficult to establish. However, as analyzed in the
following sections of the review, there is a plethora of
data documenting examples of adverse effects of in-
dustrial endocrine disruptors in reproductive system and
metabolism.
This review attempts to summarize the experimental ev-
idence linking exposure to most common industrial en-
docrine disrupting chemicals and PCOS features, the
pathophysiological mechanisms underlying such interac-
tion and the potential relevance to human population.
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INDUSTRIAL ENDOCRINE DISRUPTORS AND PCOS:
THE BIOLOGICAL PLAUSIBILITY
Industrial chemical effects on the ovary – A link to PCOS
Intrinsic abnormalities in ovarian steroidogenesis are
fundamental in PCOS pathogenesis with the ovary re-
maining the primary source of hyperandrogenism. There
is clear evidence for increased testosterone production
in PCOS theca cells attributed to increased synthesis of
testosterone precursors (8) with CYP17 (coding for
P450c17, and the associated P450 reductase) and
CYP11a (coding for P450scc) being incriminated as
plausible candidate genes in hyperandrogenemia’s gen-
esis (9).
Endocrine disruptors’ interference with this PCOS-relat-
ed aberration is plausible given that substantial experi-
mental data converge to the biological plausibility of ED
to interfere with several aspects of ovarian physiology. In
particular, the dynamic process of steroidogenesis ap-
pears to be a particularly sensitive target of disruption
(10).
According to experimental studies, increased testos-
terone synthesis has been observed in rat ovarian theca-
interstitial cells in response to exposure to an abundant
environmental endocrine disruptor, BPA (11). Interest-
ingly, key ovarian pathway enzymes controlling theca cell
steroidogenesis and more specifically 17β-hydroxylase
(P450c17), cholesterol side chain cleavage enzyme
(P450scc) and steroidogenic acute regulatory protein
(StAR) have been implicated as the underlying mecha-
nism (11).
The stimulatory effect of BPA on enzymatic activity of
P450c17 may interestingly point to a link between BPA
exposure and the PCOS given that deregulation of this
steroidogenic enzyme has been described as one of the
key etiologies of ovarian hyperandrogenism in the syn-
drome.
On the other hand, an in vitro study using mouse ovari-
an antral follicles has shown that both StAR and P450scc
mRNA expression are inhibited in theca and granulosa
cells following exposure to BPA. Furthermore, the gran-
ulosa-theca cell communication including hormone dif-
fusion from the theca into the granulosa cells is disrupt-
ed (12). The apparent differences between the above
studies may reflect the different animal models and/or
the different experimental design.
Although theca cell dysfunction seems to be the main
defect of intraovarian PCOS hyperandrogenism, granu-
losa cell deregulation may also play a role, via secretion
of intra-ovarian regulatory factors, such as anti-Müllerian
hormone (AMH), that are believed to modulate follicular
steroidogenesis through a paracrine inhibitory effect (13).
Interestingly, methoxychlor (an organochlorine pesticide)
was shown to stimulate AMH production in the rat ovary
(10) and may hypothetically contribute to the elevated
serum AMH levels that are believed to disturb follicle se-
lection in PCOS women.
Another potential site of interference between ED and
granulosa cells is matrix metalloproteinase 9 (MMP-9), a
proteolytic enzyme found with raised concentrations in
serum (14) and in the follicular fluid (15) of women with
PCOS compared to normal counterparts. Granulosa-
lutein cell incubated with BPA at doses compatible with

human exposure levels showed a dose-dependent in-
crease in MMP-9 output (16). Though MMP-9 role in
PCOS pathogenesis is speculative, it is believed to in-
terfere with abnormalities of extracellular matrix remod-
eling that are associated with follicular development,
thus, possibly contributing to inappropriate atresia in
PCOS women (17).
Another common feature in PCOS pathogenesis is the
abnormalities in ovarian folliculogenesis; the follicles are
present in large numbers but they are arrested at an ear-
ly to mid developmental state and fail to mature. As a
result, the PCOS ovary is characterized by arrested
growth of antral follicles (typically arrested at a diameter
of 4-8 mm) with recruitment and growth of follicles to the
small antral stage, without selection of a dominant, pre-
ovulatory follicle (18). The aberrant follicle development
is not only confined to the gonadotropin-dependent
antral stages given that significant abnormalities (in-
creased density of small pre-antral follicles and an in-
creased proportion of early growing follicles) have been
observed during the very earliest stages of folliculogen-
esis (19).
The underlying basis for the abnormalities in anovulato-
ry PCOS remains uncertain. Theoretically, endocrine dis-
ruptors could favor the existence of an abnormal intra-
ovarian endocrine environment affecting normal follicle
growth. Indeed, experimental data point to the ability of
environmental ED to affect every stage of folliculogene-
sis from primordial follicular assembly to ovulation and
luteal phase (10). The underlying mechanisms are com-
plex and include (but not limited to) interplay with pitu-
itary gonadotropins, predominant ovarian steroid hor-
mones (i.e., progesterone, estrogens, and androgens)
and local regulatory factors affecting follicle growth (i.e.,
AMH) (10).
BPA is a characteristic example of such interference as
antral follicles isolated from 32-day-old mice cultured with
vehicle control and BPA exhibited inadequate follicle
growth that may be the result of the impairing hormone
production, analyzed previously (12).

Industrial chemical effects on metabolic regulation –
A link to PCOS
Fundamental characteristic of PCOS physiology is metab-
olic derangement, central to which is peripheral insulin
resistance and compensatory hyperinsulinemia, resulting
from a post-receptor-binding defect in insulin action (20).
Furthermore, the metabolic profile of PCOS women con-
sists of multiple risk factors for cardiovascular disease, in-
cluding obesity, dyslipidemia, hypertension, impaired
glucose tolerance/Type 2 diabetes, metabolic syndrome,
subclinical vascular disease all of which synergistically
predispose a long-term health risk (21).
The impact of environment on these metabolic disorders
seems plausible with diet recognized as a determinant
factor. Apart from nutrition, other environmental factors
may contribute to the metabolic characteristics of the
syndrome or may exacerbate their clinical course. This
issue is very timely as a significant portion of recent re-
search is focused on illuminating the impact of industri-
al chemicals on several aspects of metabolic disorders
providing a further explanation for the increasing global
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trends of diseases such as diabetes mellitus and obesity.
Starting from obesity, encountered in 30-70% of PCOS-
affected women, the role of industrial chemicals, as the
one of the potential causes of obesity and associated
metabolic syndrome, has become very suspicious. This
is reflected by the so-called “obesogens” hypothesis, a
term applied to describe molecules that inappropriately
regulate lipid metabolism and adipogenesis and provoke
metabolic alterations leading to obesity (22). “Obeso-
gens” are believed to derail the homeostatic mechanisms
important for weight control, such that exposed individ-
uals are predisposed to weight gain despite normal diet
and exercise (23).
The list of chemicals studied as possible candidate “obe-
sogens” is dramatically expanding and includes among
others: BPA, phthalates, organotins, polybrominated
diphenyl ethers, polyfluoroalkyl chemicals, organochlo-
rine pesticides, PCB (24). The potential pathways through
which industrial chemicals might act to alter adipocyte
differentiation and favor obesity development are com-
plex and not totally understood.
To begin with, they are believed to include actions at a
molecular level by modulating the activity of genes in-
volved at multiple stages of adipocyte differentiation. To
be more specific, organotics may act as retinoid X re-
ceptor (RXR) and peroxisome proliferator-activated re-
ceptor-γ (PPAR-γ) agonists to directly modulate the ac-
tivity of genes involved at multiple stages of adipocyte
differentiation [early mitogenic genes such as c-jun, tran-
scription factors responsible for clonal expansion and dif-
ferentiation such as C/EBP and sterol regulatory element-
binding protein 1 (Srebp-1c), as well as direct targets of
PPAR signaling such as adipocyte P2 (aP2), fatty acid syn-
thase, and fatty acid transport protein] which, in turn, pro-
mote adipogenesis both in vivo and in vitro (23, 25). Sup-
portive of such interplay are studies showing that in utero
administration of this organotic is followed by increased
adipose mass in adult mice (25).
Another chemical with widespread use and ubiquitous
presence in the environment that has been incriminated
for its effects on metabolism is BPA. The issue of poten-
tial BPA interference with metabolic imbalances is very
timely especially in light of a recent cross-sectional study
in the general adult population of the United States that
reported an association between higher urinary BPA con-
centrations with diabetes, cardiovascular diagnoses and
clinically abnormal concentrations of the liver enzymes γ-
glutamyltransferase (26). An analysis of the posterior da-
ta from the US National Health and Nutrition Survey
(NHANES) conducted by Melzer et al. confirmed the as-
sociation between urinary BPA levels with coronary heart
disease, rising serious concern regarding the biological
safety of the environmental chemical (27).
The proposed mechanisms by which BPA is believed to
alter lipid homeostasis and body weight control mecha-
nisms include up-regulation of lipogenic enzymes and
proadipogenic transcription factors in animal adipocytes
(28) while in human adipocytes BPA was shown to inhib-
it adiponectin (a key adipokine that protects humans from
metabolic syndrome) and stimulate the release of in-
flammatory adipokines such as interleukin-6 (IL-6) and tu-
mor necrosis factor α (TNF-α) (29).

Another mechanism recently proposed to mediate BPA
adverse effect on lipid metabolism is through the in-
duction of oxidative stress in liver mitochondria (30).
When human HepG2 cells were exposed to decreas-
ing and non-toxic BPA concentrations a severe mito-
chondrial dysfunction was observed with significant in-
crease in mitochondrial reactive oxygen species pro-
duction and subsequent lipoperoxidation. These ef-
fects on hepatic physiology, namely the induction of
lipid droplet accumulation, the oxidative stress-associ-
ated lipoperoxidation and the pro-inflammatory state
with IL8 and TNF-α secretion (analyzed previously), may
contribute to steatosis and subsequent non-alcoholic
fatty liver disease, a hepatic manifestation of metabol-
ic syndrome.
Even with a direct effect on hepatic hemostasis (30) or
with an indirect effect on adiponectin production by adi-
pose tissue (28), BPA seems to favor the development of
a key component of metabolic syndrome, liver steatosis.
Most intriguingly, all the above effects are noticed at
nanomolar BPA concentrations that are in a range rele-
vant to human exposure.
Interestingly, overweight/obese PCOS women exhibit an
increased prevalence of hypertransaminasemia and of
nonalcoholic fatty liver disease (NAFLD) (31), thus, an ag-
gravating impact of BPA on this population could be im-
plied. Theoretically, BPA exposure could be responsible
for inducing alterations similar to those encountered in
NAFLD via a direct hepatotoxic effect.
Besides BPA and organotins, polybrominated diphenyl
ethers represent another class of chemicals who have
been incriminated as ED of adipocyte metabolism.
Hoppe and Carey demonstrated that daily exposure of
rats to pentabrominated diphenyl ether in vivo for at
least 4 weeks resulted in a significant increase in lipol-
ysis and a significant decrease in insulin-stimulated glu-
cose oxidation, both of which are characteristics asso-
ciated with obesity, insulin resistance, and Type 2 dia-
betes (32). Finally, phthalates is another class of chem-
ical with “obesogen” properties given that male and
female rats intrauterine exposed to diisobutyl phtha-
lates demonstrated reduced plasma leptin levels (33),
a key hormone of metabolic regulation.
With regard to human population, evidence is even
more limited leading to inconclusive findings. There is
data suggestive of a potential association between ph-
thalates metabolites (34) and persistent organic pollu-
tants (35) with somatometric characteristics such as in-
creased body mass index and waist circumference.
Overall, the epidemiological link between specific obe-
sogen exposure and obesity is highly suggestive,
causality and overall significance currently remain am-
biguous.
As already mentioned, there is a higher prevalence of
carbohydrate metabolism disorders, such as impaired
glucose tolerance or frank diabetes mellitus in women
with PCOS compared to normal controls. The possible
association of industrial chemicals with such disorders
represents a new fascinating area of research after the
discovery that the pancreatic cells – both β- and α- are
also a target of disruption. Long-term treatment of male
mice with BPA alters the pancreatic content and secre-
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tion of insulin and results in post-prandial insulinemia
and insulin resistance (36). Pancreatic α-cells have also
been implied as potential targets for endocrine disrup-
tion. Low doses of BPA were shown to impair the
molecular signaling that leads to secretion of glucagon
by suppressing intracellular calcium ion oscillations in
α-cells in response to low blood glucose levels, through
a non-genomic mechanism (37).

Industrial chemical effects on the hypothalamic-
pituitary axis – A link to PCOS
Except for the major role of gonadal activity over repro-
ductive function, primary control of reproduction is ex-
erted via regulation of GnRH secretion from the hy-
pothalamus and subsequent gonadotropin release from
the pituitary gland.
In PCOS-affected women, neuroendocrine defects are
implicated in syndrome’s pathogenesis. In particular,
neuroendocrine abnormalities include increased GnRH
pulse frequency, elevated LH levels and normal or even
suppressed FSH levels in comparison with levels in reg-
ularly ovulating normal women, leading to an increased
LH to FSH ratio in most patients. The raised plasma LH
concentrations, that are associated with increased LH
pulse frequency and pulse amplitude, promote ovarian
theca cells steroidogenesis (13). On the other hand, low-
er FSH levels during the early follicular phase are con-
sidered to pose a negative impact to normal follicle mat-
uration.
Of the neuroendocrine systems, the hypothalamus-pitu-
itary-gonad axis is of the best studied in the arena of en-
docrine disruption. Accumulative evidence illustrate the
interference of endocrine disrupting chemicals at differ-
ent, sometimes multiple, levels of the axis leading to al-
teration of GnRH signaling in the pituitary, which, in turn,
may perturb, gonadotropin release and action at the lev-
el of the gonad (38). The potential mechanisms of dis-
ruption of GnRH signaling include direct affect on ex-
pression of steroid sensitive GnRH afferent systems such
as kisspeptin and galanin as well as a direct effect on
GnRH neurons expression in the hypothalamus or an in-
direct affect by impaired steroid feedback on GnRH neu-
rons. At level of the pituitary gland, industrial chemicals
per se have been shown to disturb gonadotropins re-
lease (38).
Since hormone-sensitive neuroendocrine system seems
to be another possible target of disruption, it is rational
to consider that PCOS neuroendocrine status is also im-
paired by specific industrial chemicals.
For instance, in the case of widespread BPA, laboratory
studies indicate its biological ability to interrupt both
GnRH and gonadotropin secretion. Laboratory rodents
exposed neonatally to BPA presented altered pituitary
function as reflected by increased GnRH pulsatility and
lowering basal and GnRH-induced LH levels at post-na-
tal day 13 (39). Accelerated GnRH pulse frequency has
also been reported in hypothalamic explants from adult
rats exposed to BPA in neonate life (40). Interestingly, as
mentioned above, alterations in GnRH pulsatility is a neu-
roendocrine aberration found in adult PCOS women,
thus, a contributory role of BPA in this abnormality can-
not be excluded.

EXPERIMENTAL AND HUMAN DATA LINKING
INDUSTRIAL ENDOCRINE DISRUPTORS TO PCOS

What could be conducted from the above is that mount-
ing experimental data converge to the biological ability
of industrial endocrine disruptors to affect the reproduc-
tive system and metabolic tissues leading to or aggra-
vating the clinical manifestation of several disorders af-
fecting PCOS individuals. Solitary features of the syn-
drome have been observed in several animal models ex-
posed to the chemicals, however, the coexistence of
most of the phenotypic traits of PCOS seems to be miss-
ing from literature.
A rational question would be whether exposure of female
reproductive system to endocrine disrupting chemicals
during sensitive “windows” of development (in utero,
neonate life) could result in PCOS in adulthood or
whether exposure of PCOS-affected females during
adulthood could exacerbate syndrome’ clinical course.
A recent study by Fernandez et al. has shed some light on
this hypothetical interplay using a rat model. Authors pre-
sented experimental data showing the development of a
PCOS resembling syndrome in adult female rats exposed
to high BPA levels (500 μg) during neonate life, a period
crucial for the development of the hypothalamic-pitu-
itary-gonadal axis (40). In particular, researchers reported,
during adulthood, the coexistence of biochemical hy-
perandrogenemia, anovulation, infertility, polycystic ovar-
ian morphology, and increased GnRH pulse frequency in
rats subcutaneously exposed to this disruptor early in life.
As expected, the severity of the observed disorders ap-
peared to be dose-dependent with the highest dose (500
μg BPA) provoking irreversible alterations in the hy-
pothalamic–pituitary–gonadal axis. However, even the
lowest dose (50 μg BPA), that is more relevant to human
exposure, was associated with subtle alterations at the
hypothalamic level that could lead to subfertility (40). As
all these reproductive aberrations are well-matched with
those found in PCOS women, a potentially causal rela-
tion between BPA exposure and the syndrome could be
hypothesized.
Analogous effects have been observed in sheep and rhe-
sus monkeys following pre-natal exposure to high levels
of testosterone (41, 42). Analytically, rhesus monkey in
utero exposed to high testosterone levels developed
PCOS like characteristics in adult life; namely, anovula-
tory infertility, hypersecretion of LH, elevated circulating
levels of testosterone, neuroendocrine feedback defects,
central adiposity and compensatory insulin resistance,
and polycystic ovaries with ovarian hyperandrogenism
and follicular arrest in adulthood (41).
In the sheep model, a similar PCOS phenotype derives
from pre-natal exposure to exogenous testosterone (42).
In both animal models, pre-natal exposure to high levels
of testosterone results in fetal programming of PCOS
traits. The results presented here reinforce the notion
that in utero exposure of human female fetuses to in-
dustrial endocrine disruptors could result in PCOS in
adulthood, along with associated metabolic disorders.
Although several studies suggest a potential link be-
tween endocrine disruptors’ exposure and adverse re-
productive and metabolic outcomes resembling the
PCOS phenotype, relatively few studies have investi-
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gated consequences of such exposure in the human
PCOS population.
What has been observed so far is that women with
PCOS compared to non-obese regularly ovulating wom-
en have higher serum levels of the endocrine-disrupt-
ing chemical BPA (43) and both groups display lower
BPA levels compared to males (44). Furthermore, a pos-
itive correlation between BPA and androgens has been
reported (43).
What remains enigmatic is whether elevated BPA levels
is a consequence, and not a cause, of PCOS, because
women with PCOS have higher circulating testosterone
levels than do healthy women, and androgens interfere
with BPA clearance in the liver by decreasing uridine
diphosphate-glucuronosyl transferase activity which, in
turn, leads to increased serum levels of BPA (45). On the
other hand, BPA per se has been shown to favor in-
creased testosterone concentrations by two potential
pathways. Firstly, BPA has been reported to significant-
ly inhibit the activity of two different testosterone hy-
droxylases (2-and 6-hydroxylase), leading to decreased
testosterone catabolism and indirectly to increased
testosterone concentrations (46). Secondly, BPA as a po-
tent ligand of SHBG in the liver may displace androgens
from SHBG binding sites and likely leads to increased cir-

culating free androgen concentrations (47), creating a vi-
cious circle between androgens and BPA.
Additional evidence concerning the possible interaction
of BPA with hormonal and metabolic abnormalities char-
acterizing PCOS women has been provided by a recent
study in which researchers divided 71 women with PCOS
(NIH Consensus criteria) and 100 healthy female controls
into subgroups matched by age and body composition
(48). Serum BPA levels were found to be significantly
higher in women with PCOS in comparison to their nor-
mal ovulating, non-hyperandrogenemic peers, indepen-
dently of the degree of obesity. Furthermore, BPA lev-
els were strongly associated with androgens and insulin
resistance indices, implying a potential role of this en-
docrine disruptor to the two major components of PCOS
pathophysiology (48).

CONCLUSION

Plethora of experimental studies provides clear evidence
for the adverse effects of environmental factors on re-
productive function and metabolic regulation, the two
major components of PCOS (Fig. 1). It remains to deter-
mine whether environmental exposure to industrial prod-
ucts, especially during sensitive stages of development,

Reproduction

Industrial
endocrine
disruptors

Hypothalamus
GnRH pulsatility

Ovary
- Steroidogenesis
 Theca cells: (+)

androgen production
Granulosa cells: (+)
AMH & MMP-9 production

- Folliculogenesis
 (-) follicle growth
 (+) polycystic ovarian morphology

Adipose tissue
(+) adipocyte differentiation

 (+) lipogenesis
 (-) adiponectin production

Liver
(+) liver steatosis
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(+) insulin secretion
(-) glucagon secretion

Possible effect
on PCOS-related
reproductive disorders?
- hyperandrogenemia
- anovulation
- pco morphology
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- insulin resistance
- metabolic syndrome
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Metabolism

Fig. 1 - The potential pathways through which industrial endocrine disruptors might act to interfere with the reproductive and metabol-
ic aberrations characterizing polycystic ovary syndrome (PCOS). The stimulatory (+) and inhibitory (−) effects of the environmental endocrine
disruptors are noted. AMH: anti-Müllerian hormone; MMP-9: matrix metalloproteinase-9; NAFLD: non-alcoholic fatty liver disease.
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could favor the clinical manifestation of PCOS later in life
in genetically predisposed individuals or exacerbates its
clinical course during adulthood.
Reflecting the harmful influence of the modern environ-
ment, BPA is currently emerging as a key player in PCOS
pathogenesis presumably via bidirectional interplay with
androgens. Once again in the history of endocrine dis-
eases, environment, and in particular endocrine disrup-
tors, may be the missing piece to solve the “puzzle” of
PCOS pathogenesis, the commonest endocrinopathy
among women.
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