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Abstract: Exposure to endocrine disrupting chemicals (EDCs) can result in alterations of the female
reproductive system, including polycystic ovary syndrome (PCOS). The aim of this review was to
summarize the knowledge about the association of EDCs (bisphenols, parabens, and triclosan) with
PCOS. We conducted an electronic literature search using PubMed for studies published between
January 2007 and October 2022 on EDCs related to PCOS, and evaluated the association of PCOS with
bisphenols, parabens and triclosan in 15 articles. Most studies revealed significantly higher plasma,
urinary or follicular fluid levels of bisphenol A (BPA) in women with PCOS, and some showed a
positive correlation of BPA with insulin resistance, polycystic morphology on ultrasound, hepatic
steatosis, bilirubin levels, as well as free androgen index, androstenedione and testosterone serum
levels, and markers of low-grade chronic inflammation. There was a negative correlation of BPA with
markers of ovarian reserve, sex hormone binding globulin and vitamin D-binding protein. Parabens
and triclosan have been studied in only one study each, with no significant associations with PCOS
observed. Our review revealed an association of BPA with PCOS and negative effects of BPA on
human ovaries; more research is needed to assess the potential associations of parabens and triclosan
with PCOS.

Keywords: endocrine disrupting chemicals; PCOS; BPA; ovarian reserve; androgens; oxidative stress

1. Introduction

Increased global industrialization has exposed humans to variety of industrial chemi-
cals which can interfere with the endocrine system [1]. As such, they have been defined as
»endocrine disruptors« [2], also known as endocrine disrupting chemicals (EDCs). Several
definitions of EDCs exist. The definition of the International Programme on Chemical
Safety that defines the endocrine disruptor as an exogenous substance or mixture that alters
function(s) of the endocrine system and consequently causes adverse health effects in an
intact organism, or its progeny, or (sub)populations, is used frequently [3]. EDCs are found
abundantly in the environment, resulting in daily individual exposure and accumulation
over the long term. Human exposure to EDCs occurs most frequently by ingestion of
contaminated food and to some extent by inhalation of polluted air and dermal uptake [4].
A wide variety of chemical compounds, both natural and synthetic, have been recognized
to possess endocrine disrupting activity, including phytoestrogens, compounds in phar-
maceutical and cosmetic products (e.g., parabens, triclosan (TCS)), pesticides, plastics
(bisphenol A (BPA) and its alternatives), plasticizers (phthalates), metals (heavy metals,
trace elements) and industrial chemicals with by-products [4-6].

Currently, it is established that EDCs may act via genomic pathway by binding to
nuclear hormone receptors (e.g., estrogen receptors (ER), androgen receptors (AR) or
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progesterone receptors (PR)) exerting agonistic or antagonistic effects, or via non-genomic
pathways by binding to membrane ER, PR or G-protein-coupled proteins, but some studies
also revealed other possible modes of actions, such as oxidative stress, genetic susceptibility
and epigenetic modifications (e.g., DNA methylation) [5,7-10]. By interfering with receptor
binding, steroidogenesis and metabolism of hormones, EDCs have been shown to result
in morphological and functional alterations of the female reproductive system which can
result in infertility, irregular menstrual cycles, endometriosis, uterine fibroids, precocious
puberty or premature ovarian insufficiency (POI), gynaecological cancers and polycystic
ovary syndrome (PCOS) [1,5,11-14].

PCOS is the most common, heterogenous and multifactorial endocrine disorder, affect-
ing 5-10% women of reproductive age [15]. According to a consensus meeting sponsored
by the European Society of Human Reproduction and Embryology/American Society for
Reproductive Medicine (ESHRE/ASRM), PCOS can be diagnosed if two out of the follow-
ing three criteria are fulfilled: (i) clinical and/or biochemical hyperandrogenism, (ii) chronic
oligomenorrhea and/or anovulation or (iii) the presence of polycystic ovaries on transvagi-
nal ultrasonography [16]. The pathophysiology of this endocrinopathy still remains unclear.
However, recently it has become increasingly apparent that genetic, epigenetic, endocrine,
metabolic as well environmental factors may all contribute to the development of this
disorder [14,17,18]. Regarding hormonal and metabolic abnormalities of women diagnosed
with PCOS, EDCs in the environment may be particularly relevant to consider [17,19].
EDCs, bisphenols, parabens and triclosan are found in several daily used products and are
present as high production volume compounds manufactured worldwide. Therefore, the
aim of our systematic review was to review the current knowledge on possible associations
of bisphenols, parabens and triclosan with PCOS.

2. Materials and Methods
2.1. Literature Identification

This systematic review is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guideline. We conducted an electronic
literature search utilizing the National Library of Medicine (PubMed) database. The
following medical subject heading (MESH) keywords were used to search for the studies
reporting on the role of environmental endocrine disruptors in the occurrence of PCOS
in women: »polycystic ovary syndrome« OR »PCOS« AND »endocrine disruptor«. The
database was searched for studies published from January 2007 until 1 October 2022.

2.2. The Inclusion and Exclusion Criteria

Studies included were randomized control studies, case-control studies, cross-sectional
studies, pilot studies or cohort studies in human. Studies conducted other than in humans,
reviews, and studies published in languages other than English, were excluded from
this review. We also performed a hand search of the reference lists of full-text articles
that met our criteria in the primary literature search. All manuscripts and abstracts were
independently reviewed by all three investigators for possible study inclusion regarding
their subject and quality. The selected articles were read in full to confirm eligibility and to
extract data. Disagreements were resolved by scientific discussion, if necessary.

2.3. Data Extraction

From the included studies, the following information was extracted for detailed
evaluation: characteristics of the included studies (first author, year of publication and
country), study design characteristics (study design, sample type, methods including
statistics), sample size, type of endocrine disruptor and main findings.

3. Results

For this review, we included studies identifying possible association of exposure to
bisphenols, parabens and triclosan with PCOS.
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3.1. Bisphenol A (BPA)

BPA (2,2-bis (4-hydroxyphenol) propane) is one of the most abundant chemicals pro-
duced worldwide and one of the most extensively studied EDCs. It is used for production
of polycarbonate plastics used in numerous common products (e.g., optical, media, electri-
cal and electronics, houseware and appliances, medical devices, dental materials, reusable
and baby plastic bottles), as an essential component of epoxy resins that are mainly used to
coat the inner surface of food and beverage metallic cans, and as antioxidant or inhibitor
of polymerization in some plasticizers, polyvinyl chloride, paper, paper products and
thermal receipt papers. BPA is also detected in dust, air, drinking water, surface water and
wastewater. The main human exposure to BPA occurs due to ingestion of contaminated
food and beverages from plastic food packaging and bottles, although its abundant dis-
tribution in the environment leads also to contamination via the skin, or via inhalation
of household dusts [18,20-24]. BPA is detectable in various body fluids including urine,
serum, saliva, follicular fluid, breast milk, colostrum, placenta, umbilical cord and amniotic
fluid [25-27]. It is glucuronidated by liver microsomes and catalysed by an isoform of
uridine diphosphate-glucuronosyl transferase (UGT) enzyme, and then rapidly excreted in
the feces and urine [28].

BPA exerts weak antiandrogenic, estrogenic and antithyroid activities, its estrogenic
activity being 1000-100,000-fold less than that of estradiol. By binding to the AR, BPA
acts as its antagonist when its level is high [29]. In addition, there is some evidence that
BPA affects epigenetic mechanisms such as DNA methylation and chromatin structure [30].
Some studies have revealed that elevated serum or urinary BPA levels were associated
with anovulation, decreased number of antral follicle count (AFC) or lower level of anti-
Miillerian hormone (AMH), and consequently infertility [26,27,31]. Due to the constant
exposure, BPA possesses a real hazard to human health and has thus been banned in baby
bottles in the European Union in 2011; the tolerable daily intake of BPA is considered
0.05 mg/kg bodyweight per day [32]. Such regulations have led to the development
of presumably less harmful BPA analogues such as bisphenol S (BPS) and bisphenol
F (BPF). However, due to structural similarities with BPA, these alternatives are also
hormonally active by causing estrogenic, antiestrogenic, androgenic and antiandrogenic
effects [21,33,34]. More research is needed in assessing the reproductive health risk of
BPA analogues.

The potential role of BPA in the pathogenesis of PCOS is still not well understood.
Although there are many reports on the effects of BPA on the ovarian steroidogenesis, for
example an interaction with transmembrane ERs such as G protein coupled receptor 30 or
inhibition of aromatase activity, mechanisms of actions remain unclear [35]. Animal models
in adult rats have shown potential upregulation of the gonadotropin-releasing hormone
(GnRH) pulse generator activity in adult life when exposed to BPA in neonatal period [36].
Changes of the hypothalamic pituitary-ovarian axis have also been reported with interrup-
tion of gonadotrophin secretion or as interruption of hypothalamic GnRH release [37]. BPA
administration has been associated with modifications of ovarian steroidogenic enzymes
including 173 hydroxylase, cholesterol side chain cleavage enzyme and steroidogenic acute
regulatory protein, some of which are also implicated in PCOS hyperandrogenism [37].
BPA has also been shown to directly stimulate androgen synthesis in the ovarian theca-
interstitial cells [38] and decrease the estradiol production in the granulosa cells [39,40]. In
addition, BPA has been shown to displace sex steroids from sex hormone binding globulin
(SHGB), therefore increasing the amount of free testosterone [41]. As PCOS is considered
as a proinflammatory state, chronic low-grade inflammation also seems to emphasize the
ovarian dysfunction and the exaggerated theca cells androgen production [42]. A consider-
able number of in vitro and in vivo animal studies in rodents and mammalians indicate
that developmental BPA exposure disrupts oogenesis and early oocyte meiosis as well as
normal follicle growth resulting in accelerated follicle transition and increased incidence of
atretic follicles [37].
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Hyperinsulinemia and obesity are common features in women with PCOS. The results
obtained from the studies in vitro and in vivo revealed a great potency of BPA for non-
genomic activation of adipogenic transcription factors [43], up-regulation of adipogenic
genes [44] and lipid accumulation [45]. In human adipose tissue, BPA stimulates the release
of cytokines favouring adiposity namely interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-«x), whereas it inhibits the release of adiponectin that acts protective against
metabolic syndrome [37]. By acting via ERs on adipocytes and macrophages in the adipose
tissue, BPA promotes inflammatory conditions [35]. BPA might as well be involved in
the alteration of glucose homeostasis [46] and in the development of hyperinsulinemia
and type 2 diabetes mellitus [47,48]. Moreover, animal models have shown that BPA can
increase insulin secretion [49]. As the possible missing link between insulin resistance and
PCOS, vitamin D deficiency has also been proposed [50]. BPA has been shown to influence
the epigenetic mechanisms by directly inducing epigenetic changes in the genome [51] or
by hyperandrogenemia which influences DNA methylation [52].

3.2. Parabens

Parabens are a group of alkyl esters of p-hydroxybenzoic acid that are used as antimi-
crobial agents and preservatives in personal care products (PCP), foods and pharmaceuti-
cals. They are also found in indoor dust. Methylparaben (MP) and propylparaben (PP),
accompanied by ethylparaben (EP), butylparaben (BP) and benzylparaben (benzylP) are
among the most used. The antimicrobial activity of parabens is related to the length of the
alkyl chain of the individual esters. The activity of parabens increases along with increas-
ing side-chain length. The main route of parabens exposure is considered to be dermal
absorption from personal care products, but exposure can occur also through ingestion and
inhalation [11,53-55]. Parabens, and predominantly their conjugates, can be measured in
urine and have been shown to be valid biomarkers of exposure [56]. However, they have
been extracted also from breast milk, colostrum, blood and seminal plasma [57].

Parabens exert estrogenic effects through ER that increase with the length and branch-
ing of the alkyl chain [55,58]. An increase in the size of the alkyl group may intensify
paraben transactivation of ERs in vitro [59]. In addition, parabens can mimic the effects
of 17(3-estradiol by binding to ERs and a linear relationship between parabens and cell
proliferative potency, as well as ER-binding potency, has been reported [59]. In animal
models, parabens were also shown to act as antiandrogens and affecting thyroid func-
tion [59,60]. Data on the possible modes of action and female reproductive health effects of
paraben exposure are limited. In one of the animal toxicity studies, parabens decreased
ovarian weight and caused histopathological changes in the ovaries such as a decrease in
corpora lutea, an increase in number of cystic follicles and thinning of follicular cells as
well as the decrease in serum estradiol levels [59]. On the contrary, others reported that the
effects of parabens on reproductive organ weights and histopathological abnormalities in
female offspring have not been observed [61]. Since many scientific reports suggest that
everyday use of cosmetics containing parabens can exert harmful effects on human body;,
parabens have as well been—similarly to BPA—the subject of regulation by regulatory
organs; in the European Union it is recommended that BP and PP should be prohibited
in leave-on-the-skin cosmetic products intended for use on the nappy area of children
aged [55].

Studies investigating the potential associations between parabens and female repro-
ductive health are sparse. Higher urinary levels of parabens were associated with reduced
antral follicle count [62,63], a shorter length of the menstrual cycle [64] and decreased odds
of becoming pregnant [65]. Paraben levels measured during pregnancy were associated
with a decreased ratio of estradiol /progesterone and increased levels of SHBG, indicating
that parabens may decrease estradiol availability during pregnancy [66]. However, others
found no association between urinary concentrations of parabens with in vitro fertilization
outcomes [67,68].
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3.3. Triclosan (TCS)

Triclosan (2, 4, 4 1-trichloro-2 1-hydroxy-diphenyl ether) is widely used in personal
care, household, pharmaceutical, veterinary and industrial products due to its broad-
spectrum antibacterial and antifungal properties. TCS usually enters the body by ingestion
or dermal and mucosal contact, although inhalation of products including spray deodorants
or air fresheners may also be the route of exposure. It can be detected in human urine,
blood, breast milk and amniotic fluid [11,69].

TCS can bind to ER and has a higher binding affinity to ERx over ERf{3; in several
experimental modalities TCS amplified the estrogenic effects of ethynil estradiol [70]. Evi-
dence suggests a variety of hormonal activities of TCS, including estrogenic, antiestrogenic
and antiandrogenic activities all of which can be related to PCOS-like syndrome [60,70].
However, data on association of TCS with thyroid function in pregnant women remain
conflicting [66,71]. In the European Union, it is not appropriate to approve TCS for use in
human hygiene biocidal products [72].

In zebrafish, TCS has been linked to oxidative damage in the ovaries and advance
reactive oxygen species-dependent ovary apoptosis by down-regulating the expression of
antioxidant-related genes [73]. Furthermore, exposure to TCS could result in decreased
levels of gonadotrophins, progesterone and GnRH, as well as a reduction in antral follicles
and corpora lutea [74]. In cultured human ovarian granulosa cells, TCS disrupted mito-
chondria membrane potential and exhibited mitochondria toxicity, increased estradiol and
progesterone levels and promoted toxicological effects on steroidogenesis. In mammalian
cells, TCS impaired mitochondrial oxidative phosphorylation [75].

In human studies, TCS exposure may negatively affect AFC [76,77]. An association
between female fertility and urinary concentration of TCS remains uncertain and conflict-
ing [65,76,78,79].

The possible effects of endocrine disrupting chemicals—bisphenols, parabens and
triclosan—on ovarian function in humans and animals are summarized in Figure 1.

« potential uﬂmqu\auon o decreased levels of
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?Bene;alor activity GnRH (TCS)
) - « adirect stimulation of
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« disruption of oogenesis
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Figure 1. The possible effects of endocrine disrupting chemicals—bisphenols, parabens and triclosan—
on ovarian function in humans and animals. Abbreviations: BPA, bisphenol A; E, estradiol; EDCs,
endocrine disrupting chemicals; GnRH, gonadotropin-releasing hormone; P, progesterone; SHBG,
sex hormone binding globulin; TCS, triclosan.
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3.4. Literature Search

After the primary literature search, we identified 82 potentially eligible citations.
Based on our inclusion criteria, we selected 16 studies for initial screening. By reviewing
the reference lists of selected studies, we revealed an additional 89 potentially eligible
citations. After removing duplicates, review articles and studies conducted other than in
humans, 19 suitable studies met our inclusion criteria. Only studies identifying possible
association of exposure to bisphenols, parabens and triclosan with PCOS were included
in this review. After eliminating references with no full text available [80-83], finally
15 studies were included for this review (Table 1). Figure 2 presents a PRISMA flow
diagram of the association of endocrine disrupting chemicals—bisphenols, parabens and
triclosan—with PCOS.

[ Identification of studies via databases and registers J

82 initial potentially relevant
references identified

Identification

:
Title, abstract and reference lists
screening

Reports sought for retrieval Reports not retrieved (n = 15):
(n=34) > - no selected EDCs for this
review studied (n = 14)
- wrong study design (n= 1)

Screening

v

Full-text articles assessed for
eligibility —
(n=19)

Reports excluded (n =4):
- no full-text available

v

Studies included in this
systematic review
(n=15)

[ ncluded | (

Figure 2. PRISMA flow diagram of the study selection process. Association of endocrine disrupting
chemicals—bisphenols, parabens and triclosan—with polycystic ovary syndrome.
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Table 1. Association of endocrine-disrupting chemicals—bisphenols, parabens and triclosan—with polycystic ovary syndrome in women. Studies included in this
systematic review (arranged alphabetically by first author’s last name). Statistically significant differences are presented.

. Sample of Participants o re 1.
Source Study Design (No. of Women) Sample Type Exposure Main Findings
. Increased urinary BPA levels in PCOS grou;
Akgiil et al. (2019), 95 aged 12-18 years: 62 . e Y . sroup .
Tur%(ey [84] Case-control study witthCOS, 33}; ontrols Blood plasma, urine samples  BPA, phthalates Positive correlation of urinary BPA levels with polycystic morphology
on ultrasound
Akin et al. (2015) 173 aged 13-19 years: Increased serum BPA levels in PCOS group
: ! Cross-sectional study 112 with PCOS, Blood serum BPA Positive correlation of serum BPA with total T and DHEAS in
Turkey [85]
61 controls PCOS group
123: 40 with P 3 . (@) ic UV filters, L .
Gu et al. (2019) [86] Case-control study SBior?t:gll; COS Urine sample Blgiirtl;icclosari s No association between urinary BPA and TCS and PCOS
Hossein Rashidi et al. . . . . .
(2017), Case-control study 102: 51 w11th PCOS, First morning urine sample BPA Higher urinary BPA levels in PCOS_ group
Iran [57] 51 controls BPA was significantly associated with PCOS
Negative correlation between blood BPA levels and VDBP and SHBG
Jedrzejuk et al. (2019), . 63: 27 with PCOS, levels in PCOS group
Poland [88] Pilot study 36 controls Blood sample BPA Positive correlation of blood BPA with bilirubin levels in PCOS and
study group
Higher serum BPA levels in PCOS group
Kandaraki et al. (2011), 171: 71 with PCOS Positive correlation of serum BPA with T and A in the total group
United Kingdom, Cross-sectional study ’ ! Blood serum BPA Positive correlation of BPA with PCOS in women
100 controls .\ . s . . .
Greece [89] Positive correlation of serum BPA with insulin resistance in
PCOS group
. . . Significantly higher BPA serum levels in PCOS group
Konieczna et al. (2018), Cross-sectional study 186: 106 with PCOS, Blood serum BPA Positive correlation of BPA levels with serum total T and FAI in
Poland [90] 80 controls
PCOS group
Higher urinary BPA levels in PCOS group women
High-BPA PCOS group demonstrated higher serum insulin and
Lazuarova et al. (2021), 118: 86 with PCOS, Fasting blood and morning HOMA IR, lower serum estrone, estradiol, FSH and FAI comparing to
Slovakia [91] Case-control study 32 controls urinary samples BPA low-BPA PCOS group
Positive correlation of urinary BPA levels with age in PCOS group
Negative correlation of urinary BPA levels with estradiol, T, free-T and
FAI in PCOS group
BPA, Higher BPA levels in PCOS group
. , : i , lybrominated v . . . )
]élyl]?nzt [21912](2020) Case-control study ggg C101n9t:;’llgh PCOS Blood plasma g(i)p}llle;(;lrrgﬁeis, Clearance of BPA, phthalates and androgens is associated with genetic

phthalates

polymorphisms of UGT
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Table 1. Cont.
Source Study Design (S;r;l];:)lfe v(\)]fOII;a::)apants Sample Type Exposure Main Findings
- Higher levels of BPA in plasma of PCOS group
- Higher levels of plasma BPA, AMH, LH, LH/FSH ratio, T, free T,
.. . 39: 19 with PCOS bioavailable T, A, 73-OH-epiandrosterone, and cytokines (IL-6, VEGE,
%Zfﬁ‘geelﬁiiéz[%i(])), Case-control study (9 normal-weight, Blood plasma g;?%e; li’FBPA' BPS, PDGF-bb) in normal-weight PCOS women
p - 10 obese), 20 controls ! - Positive correlation of BPA with T, SHBG, FSH and LH in
healthy controls
- No associations of parabens and PCOS in women
- Higher serum BPA levels associated with higher grades of insulin
Tarantino et al. (2013) . 60: 40 with PCOS, resistance, hepatic steatosis, FAI, and markers of low-grade chronic
’ -sectional stud ’ Blood BPA s ep s AL &
Italy [94] Cross-sectional study 20 controls ood serum inflammation (CRP, IL-6, spleen enlargement) in PCOS group
- Spleen size and FAI were the best predictors of BPA
Brominated
diphenyl ethers,
polychlorinated
. . biphenyls, L. . .
Vagi et al. (2014), 102: 52 with PCOS, . . - No association between blood and urinary BPA levels and PCOS in
Case-control study Blood and urinary samples organochlorine
USA [95] 50 controls pesticides women
perfluorinated
compounds,
phthalates, and BPA
. . . - Higher serum BPA, triglycerides, cholesterol levels and LH/FSH ratio
Xaa}rlle[%lé?t al. (2016), Case-control study éﬁtoénzt:gll;h PCOS, Blood serum BPA in PCOS group
- Lower serum TSH levels in PCOS group
. . . . - Higher BPA levels in the follicular fluid in PCOS group of women
Wang et al. (2017 38: 21 with PCOS Follicular fluid and & sroup
Cl?ir;% 6[9;] (2017), Case-control study 17 conrr](lﬂs ! Sarlsllozl;a clelllls and ovarian BPA - Decreased aromatase expression and estradiol synthesis in cultured
8 granulosa cells after in-vitro BPA exposure in PCOS group of women
h 1. (2016), . 268 infertil .
Zhou etal. (2016) Cross-sectional study 08 infertile women Urinary sample BPA - Negative association between urinary BPA levels and AFC

China [98]

diagnosed with PCOS

Abbreviations: A, androstenedione; AFC, antral follicle count; AMH, anti-Miillerian hormone; BPA, bisphenol A; BPAE, bispheol AF; BPE, bispheol F; BPS, bispheol S; CRP, C-reactive
protein; DHEAS, dehydroepiandrosterone sulfate; FAI free androgen index; FSH, follicle-stimulating hormone; HOMA IR, Homeostatic Model Assessment for Insulin Resistance;
IL-6, interleukin 6; LH, luteinizing hormone; PCOS, polycystic ovary syndrome; PDGF-bb, platelet derived growth factor bb; SHBG, sex hormone binding globulin; UGT, uridine
diphosphate-glucuronosyl transferase; VDBP, Vitamin D-binding protein; VEGE, vascular endothelial growth factor; T, testosterone; TCS, triclosan; TSH, thyroid-stimulating hormone.
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3.5. Association of Endocrine-Disrupting Chemicals with Polycystic Ovary Syndrome

In Table 1 the results of the systematic review on association of endocrine-disrupting
chemicals—bisphenols, parabens and triclosan—with PCOS are presented. Statistically
significant differences are presented.

3.5.1. Bisphenol A and PCOS

In this literature review, significantly increased serum, urinary or follicular fluid BPA
levels in PCOS population were found in the majority (11) of studies. Comparison of BPA
levels between PCOS and control women showed significantly higher urinary (3.34 & 2.63
vs. 1.43 &+ 1.57 ng/mL) [87], blood (1.05 £ 0.56 vs. 0.72 £ 0.37 ng/mL) [89] and follicular
fluid (440.50 % 63.70 vs. 338.00 £ 57.88 pg/mL) [97] levels of BPA in PCOS women than in
controls with generally higher concentrations of BPA in urine and blood than in follicular
fluid. However, this has not been found in some other studies [86,88,95,98]. In addition,
in PCOS population clearance of BPA was associated with certain UGT polymorphisms;
the secretion of androgens was associated with UGT polymorphisms along with the BPA
level in serum [92]. There was a positive correlation between urinary BPA levels and
polycystic morphology of ovaries observed on ultrasound [84]. Thirteen studies focused
on the hormonal status in PCOS women with regards to BPA exposure, some of them
expanding the research to metabolic and pro-inflammatory parameters associated with
PCOS [84-86,88-94,96-98]. In the study by Kandaraki et al., there was a positive correlation
of BPA with testosterone (T) and androstenedione (A) in the total group [89], while a study
by Konieczna et al. revealed a positive correlation of BPA with the total T and free androgen
index (FAI) only in PCOS group [90]. Akin et al. observed a positive correlation of serum
BPA levels with total T, free T, dehydroepiandrosterone sulfate (DHEAS) and Ferriman-—
Gallwey score in the entire study group. In PCOS group, there was a positive correlation
of BPA with total T and DHEAS levels [85]. In a study by Simkova et al., higher levels of
BPA, luteinizing hormone (LH), luteinizing hormone/follicle-stimulating hormone ratio
(LH/FSH ratio), T, free T, bioavailable T, A and 7p3-OH-epiandrosterone were found in
normal-weight PCOS women. There was a positive correlation of BPA with T, SHBG, FSH
and LH in healthy controls [93]. On the other hand, a study by Lazurova et al. showed a
significant negative correlation of urinary BPA levels with steroid hormones levels in PCOS
women, such as estradiol (E), total T, free T as well as FAI [91].

Regarding the vitamin D deficiency in PCOS women in relation to VDBP and BPA,
we found only one study assessing VDBP concentrations in PCOS women. As serum BPA,
VDBP, 25(0OH)D levels and the frequency of vitamin D deficiency were comparable between
PCOS and control group, PCOS group women showed a negative correlation between their
serum BPA and VDBP levels as well as SHBG levels. There was a positive correlation of
serum BPA with bilirubin levels in the PCOS group, control group and the whole study
group of women [88].

There were ten studies which were studying metabolic abnormalities in PCOS women
with regards to BPA levels in their biological samples [84,85,88-91,93-96]. Lazurova et al.
demonstrated that PCOS women with high-BPA levels had significantly higher serum
insulin and Homeostatic Model Assessment for Insulin Resistance (HOMA IR) compared
to low-BPA PCOS women, with no significant difference in body mass index (BMI) among
both groups [91], similarly to Kandaraki et al. and Tarantino et al. [89,94]. There are
inconsistencies in results of studies evaluating relationship between BMI and BPA in PCOS
women. Some studies found a positive correlation between BPA and BMI [87,89], while
others did not confirm such relationship [84,90].

Markers of low-grade inflammation in PCOS women in relation to BPA have been
studied in two studies included in our review [93,94]. The study of Tarantino at al. re-
vealed higher serum BPA levels to be associated with higher levels of low-grade chronic
inflammation markers [94].
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In our literature search, we found three studies which observed possible association
of BPA with markers of ovarian reserve in PCOS women [93,97,98]. One study showed
a significant inverse association between urinary BPA concentration and AFC in women
with PCOS [98].

In two studies of this literature review, the authors failed to prove an association
between BPA levels and PCOS in women [86,95].

3.5.2. Parabens and PCOS

In our systematic literature review, there was only one study which studied the
potential association of parabens with PCOS in women. The exposure to selected parabens
was comparably low among all studied groups of women and no differences were observed
in the plasma paraben concentrations in relation to PCOS [93].

3.5.3. Triclosan and PCOS

We found only one study exploring the possible association between triclosan and
the risk of PCOS in women, with no significant associations found between urinary TCS
concentrations and PCOS observed [86].

4. Discussion

BPA is a ubiquitous contaminant with a broad spectrum of applications. It is the most
common environmental pollutant incriminated for reproductive and metabolic disorders
resembling PCOS in animal models. Therefore, most published literature concerning EDCs
and PCOS is limited mostly to BPA. In our literature review, significantly increased serum
or urinary BPA levels in PCOS population compared to healthy controls were found in
majority of studies performed in humans [84,85,87,89-94,96,97]. The results of included
studies suggested that BPA is associated with PCOS in women and may negatively affect
the ovaries in various ways.

The studies included in our review showed an association between BPA concentrations
and androgens in PCOS women. The first observation of increased serum BPA levels in
PCOS women was reported by Takeuchi et al. in 2004. This study revealed significant
positive correlations between serum BPA levels and total T, free T, A and DHEAS, suggest-
ing a strong relationship between serum BPA and androgen concentrations, speculatively
because of androgens on the metabolism of BPA. As it has already been reported that
the level of UGT activity is downregulated by androgens, the glucuronidation of BPA
might be suppressed under the hyperandrogenic environment, observed in PCOS women.
Possible explanations for these findings could be: (i) BPA-stimulated androgen production
or (ii) differences in BPA intake, metabolism and excretion [99]. Our review showed that
clearance of BPA and androgens was associated with certain UGT polymorphisms in PCOS
population [92]. Moreover, BPA has been shown to directly stimulate androgen synthesis in
the ovarian theca-interstitial cells [38] and inhibit the activity of two different testosterone
hydroxylases (2- and 6-hydroxylase), leading to decreased testosterone catabolism and
indirectly to increased testosterone concentrations [100]. Similarly, thirteen studies included
in our review focused on the hormonal status in PCOS women regarding BPA exposure,
confirming positive correlation of BPA with androgens in PCOS group [85,90,93] or total
group of women [89].

Although more investigators describe a positive correlation of BPA with androgens
either through stimulation of androgen synthesis or suppression of androgen metabolism
in the liver, some other authors hypothesize that elevated BPA probably represents a conse-
quence but not a cause of PCOS, as elevated androgens may decrease BPA clearance [36].
BPA could also have a possible suppressive effect on ovarian steroidogenesis, thus further
confirming the controversial relationship between BPA and ovarian steroids [101].

The study by Akgul et al. established positive correlation of urinary BPA levels with
polycystic morphology on ultrasound in adolescents aged 12-18 years [84]. Altered ovarian
morphology in association with BPA is also in line with findings of Fernandez et al. in
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rats where they described a large number of ovarian cysts in rats that had been exposed to
high doses of BPA [36]. Well-known neuroendocrine dysfunction in PCOS—acceleration
of the GnRH pulse generator activity and thus inappropriate gonadotropin synthesis and
release, with elevated LH and low FSH level—leads to increased androgen production from
theca cells and impaired compensatory aromatization to estrogens in the granulosa cells
and impaired follicular development [102]. Developmental exposure to BPA has shown
potential upregulation of the GnRH pulse generator activity in adult life when exposed in
neonatal period [36]. In addition, changes in interruption of gonadotrophin secretion or
hypothalamic GnRH release have also been reported [37].

BPA is a potent SHBG ligand which displaces androgens from SHBG binding sites and
increases free T [41]. SHBG is secreted by the liver along with other proteins, e.g., VDBP.
Vitamin D deficiency has been shown to be highly prevalent in PCOS population and
possibly contributing to metabolic disturbances in PCOS [50]. The study by Jedrzejuk et al.
assessed VDBP and SHBG concentrations in PCOS women regarding BPA and showed a
negative correlation between VDBP, SHBG and BPA serum levels. On the other hand, there
was a positive correlation of BPA with bilirubin levels in the PCOS group of women [88].
Although not evaluating bilirubin levels, this is partially in line with results of the study by
Tarantino et al. where increased BPA levels positively correlated with laboratory liver tests
(AST, ALT, GGT) in PCOS group of women [94]. A study by Jedrzejuk et al. was the first to
have revealed a significant relationship between serum BPA and bilirubin levels in women
with PCOS postulating that bilirubin levels can be the most sensitive marker of early liver
dysfunction associated with exposure to BPA, the higher AST/ALT ratio in women with
PCOS thus supporting this concept [88].

The studies included in our review showed an association between BPA levels and
metabolic abnormalities in PCOS women. The studies on metabolic abnormalities in PCOS
women with regards to BPA by Kandaraki et al. [89] Lazurova et al. [91] and Tarantino
et al. [94] demonstrated a positive correlation between BPA levels and severity of insulin
resistance in women with PCOS independently of obesity, or BMI. However, meta-analysis
conducted in 2017 concluded that high BPA levels showed significant association with
high BMI and high HOMA-IR [19]. In a study by Simkova et al., higher BPA levels were
found in both normal-weight and obese PCOS women, but only obese PCOS women
had significantly higher HOMA-IR, fatty liver index, triglycerides and significantly lower
high-density lipoprotein (HDL) cholesterol [93]. This is partially in line with a study by
Vahedi et al., where all participants were BMI-matched and there were no significant
differences in BMI, but the BPA, serum triglyceride and cholesterol levels in PCOS group
were significantly higher [96]. Tarantino et al. displayed increased prevalence in hepatic
steatosis in PCOS women reflecting a possible BPA-induced oxidative damage in the liver
caused by reactive oxygen species [94]. Contrarily, Konieczna et al. observed that there
were no significant differences in HOMA-IR, serum total cholesterol, HDL cholesterol or
triglicerides in between studied groups [90]. Obviously, there are discrepancies in results
of studies evaluating relationship between BMI and BPA in PCOS. Some other studies on
relatively small groups of women found a significant positive correlation between BPA and
BMI [87,89,101], while others did not confirm such relationship [84,90].

Regarding markers of low-grade inflammation, there was a strong association of
increased BPA levels with markers of low-grade chronic inflammation (CRP, IL-6 and
spleen enlargement) in PCOS group reported in a study by Tarantino et al. The authors
thus hypothesized that besides the direct hepatotoxic and adipogenic effects, BPA could act
as pro-inflammatory primer and therefore spleen enlargement could represent a marker of
this process, possibly linked to the immune derangement in women with PCOS [94].

There were concerns raised that environmental BPA exposure may adversely affect
the oocyte quality and cause the decline of ovarian reserve and fertility in the general
population. In our review, one study revealed a significant inverse association between
urinary BPA concentration and AFC in women with PCOS [98], which is in line with some
previous studies where higher urinary BPA concentrations were associated with diminished
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ovarian reserve [26,31,103]. On the contrary, Silvestris et al. found no correlation between
urinary BPA levels and serum AMH concentrations [104]. In a study by Wang et al., the
BPA concentration was higher in the follicular fluid from PCOS women when compared to
non-PCOS women. Moreover, after in vitro BPA treatment, decreased aromatase expression
and estradiol synthesis in granulosa cells were observed only in PCOS patients [97], which
is in line with observations in women undergoing in vitro fertilization (IVF) treatment,
where an inverse association between urinary BPA concentrations and oocytes maturation,
number of oocytes retrieved and peak estradiol levels was reported [105].

Concerning BPA analogues, there has been only one study conducted in our literature
search [93]. The researchers found only low plasma levels of BPS slightly more frequently
in PCOS patients, but no BPF and BPAF in any sample. They concluded that if significant
exposure to other alternative bisphenols in PCOS occurred, the same effect, as in the
case of BPA, could be expected. On the contrary, Jurewicz et al. detected BPS levels
significantly higher in PCOS women than in control subjects. Furthermore, when studying
the association between serum BPA analogues and PCOS it turned out that women whose
serum BPS levels were in the first tertile were more likely to be diagnosed with this
endocrinopathy [34]. However, they used a single serum sample in each woman which
may not have reflected the real exposure of women to BPA, BPS or BPF. Eladak et al. first
reported that BPS and BPF may be detrimental to physiologic functions in both humans and
rodents, addressing urgent focus on the human health risk assessment of BPA substitutes as
metabolism and mechanism of action are similar to BPA [21]. In vitro studies also showed
that BPS exposure may cause oxidative stress or induce obesity in women, and its endocrine
activities may also be affected by its metabolites [106]. In recent years, when substitutes
of BPA have been applied in numerous consumer products with high human contact,
researchers conclude that the use of the bisphenol class of compounds as replacements for
BPA should be implemented with caution [21,33] and needs to be further researched.

Nonetheless, it is difficult to compare the results of all these studies because of different
patient selection and ethnicities, study protocols, biological material collected and methods
used to assess BPA levels. In addition, due to short BPA half-life in humans and variability
of the exposure over time it needs to be considered that a single urine or blood sample may
not be representative of the overall exposure of an individual; a collection of 24-h urine
sample or repeated measurements would be more informative. Further research is needed,
preferably multicenter studies with the inclusion of a larger number of women according
to the same, strict inclusion criteria and methodology.

Unlike BPA, we identified only one study studying the association of parabens with
PCOS. Plasma levels of selected parabens were comparably low among all studied groups,
including PCOS groups, and no differences were observed [93]. To this date, this has been
the only study investigating possible association of parabens with PCOS. Only a limited
number of studies explored reproductive effects of exposure to parabens on the human
female reproductive health including infertility (65); preconception urinary concentrations
of MP in the highest quartile and EP concentrations in the third quartile among female
partners were associated with a 34% reduction in couple fecundity in partner-specific and
couple-based exposure models [65]. Parabens have also been correlated with the urinary
biomarker of oxidative stress, 8-hydroxy-2'-deoxyguanosine [107], revealing a possible
association with PCOS.

We also found only one study exploring the possible association between TCS and
the risk of PCOS [86]. In this study, no significant associations between TCS exposure
and PCOS were observed. On contrary, Ye et al. found that PCOS group had significantly
elevated LH/FSH ratio and higher urinary TCS levels compared to controls, with higher
TCS levels associated with an increased odd of PCOS [108]. The limitations of this study
were its cross-sectional design, with TCS levels measured at a single point after the onset
of PCOS.

Further research is needed on the association of EDCs and PCOS in women, especially
for parabens and triclosan. It is complex research, as women can be exposed to various
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EDCs and also other harmful environmental influences at the same time. Further research
with a clear design is needed, preferably multicenter studies with the inclusion of a larger
number of women. Of course, the important issue of preventive protection of women
against EDCs and curatives in case of toxicity of these substances also arises.

5. Conclusions

The pathophysiology of PCOS still remains unclear and regarding hormonal and
metabolic abnormalities of women diagnosed with PCOS, EDCs in the environment may
be relevant to consider. In this systematic review, we summarized the knowledge about the
association of EDCs (bisphenols, parabens and triclosan) with PCOS in the last 15 years. In
most studies, our review revealed significantly higher plasma, urinary or follicular fluid
levels of BPA in women with PCOS compared to healthy controls. Some studies have shown
a positive correlation of BPA with insulin resistance, polycystic morphology on ultrasound,
hepatic steatosis, bilirubin levels, as well as free androgen index, androstenedione and
testosterone serum levels and markers of low-grade chronic inflammation. There has been a
negative correlation of BPA with markers of ovarian reserve, sex hormone binding globulin
and vitamin D-binding protein reported. Our findings thus confirmed an association
between BPA and PCOS. Regarding parabens and triclosan, studied in only one study each,
no significant associations with PCOS have been observed. According to our review, more
research is needed to assess the associations of parabens and triclosan.

However, main findings of this review should be interpreted with caution due to
different patient selection and small number of patients included in studies, different study
protocols and biological material collected as well as different methods used to assess EDC
levels. Also, humans may be exposed to many EDCs at the same time and exposure varies
over time, what makes it impossible to evaluate potential synergistic or antagonistic effects
of other environmental factors. As many of the EDCs studied have a very short urinary
elimination half-life in human body, it is necessary to consider that a single urine or blood
sample may not be representative of the overall exposure of an individual.

Author Contributions: Conceptualization, T.S., I.V.-K. and B.P.; methodology, T.S.; validation, T.S.,
I.V-K. and B.P; formal analysis, T.S.; investigation, T.S., I.V.-K. and B.P,; writing—original draft
preparation, T.S.; writing—review and editing, 1.V.-K. and B.P; supervision, I.V.-K. and B.P.; project
administration, B.P.,; funding acquisition, B.P. All authors have read and agreed to the published
version of the manuscript.

Funding: The APC was funded by the University Medical Centre Ljubljana, Ljubljana, Slovenia,
grant number TP20220007.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Karwacka, A.; Zamkowska, D.; Radwan, M.; Jurewicz, ]. Exposure to modern, widespread environmental endocrine disrupting
chemicals and their effect on the reproductive potential of women: An overview of current epidemiological evidence. Hum. Fertil.
2017, 22, 2-25. [CrossRef] [PubMed]

2. Colborn, T.; Clement, C. Wingspread Consensus Statement. Chemically-Induced Alterations in Sexual and Functional Development: The
Wildlife/Human Connection; Princeton Scientific Publishing Company: Princeton, NJ, USA, 1992; pp. 1-8.

3. Damstra, T.; Barlow, S.; Berman, A.; Kavlock, R.; van der Kraak, G. Global Assessment of the State-of-the-Science of Endocrine
Disruptors. World Health Organization, the International Labour Organisation, and the United Nations Environment Programme.
2002. Available online: https://www.who.int/publications/i/item/WHO_PCS_EDC_02.2 (accessed on 8 October 2022).

4. Gore, A.C.; Chappell, V.A.; Fenton, S.E.; Flaws, J.A.; Nadal, A; Prins, G.S.; Toppari, J.; Zoeller, R.T. EDC-2: The Endocrine
Society’s Second Scientific Statement on Endocrine-Disrupting Chemicals. Endocr. Rev. 2015, 36, E1-E150. [CrossRef] [PubMed]

5. Scsukova, S.; Rollerova, E.; Mlynarcikova, A.B. Impact of endocrine disrupting chemicals on onset and development of female
reproductive disorders and hormone-related cancer. Reprod. Biol. 2016, 16, 243-254. [CrossRef] [PubMed]


http://doi.org/10.1080/14647273.2017.1358828
http://www.ncbi.nlm.nih.gov/pubmed/28758506
https://www.who.int/publications/i/item/WHO_PCS_EDC_02.2
http://doi.org/10.1210/er.2015-1010
http://www.ncbi.nlm.nih.gov/pubmed/26544531
http://doi.org/10.1016/j.repbio.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/27692877

Life 2023, 13, 138 14 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Yilmaz, B.; Terekeci, H.; Sandal, S.; Kelestimur, F. Endocrine disrupting chemicals: Exposure, effects on human health, mechanism
of action, models for testing and strategies for prevention. Rev. Endocr. Metab. Disord. 2020, 21, 127-147. [CrossRef] [PubMed]
Lee, H.-R.; Jeung, E.-B.; Cho, M.-H.; Kim, T.-H.; Leung, P.; Choi, K.-C. Molecular mechanism(s) of endocrine-disrupting chemicals
and their potent oestrogenicity in diverse cells and tissues that express oestrogen receptors. J. Cell. Mol. Med. 2013, 17, 1-11.
[CrossRef]

Neier, K.; Marchlewicz, E.H.; Dolinoy, D.C.; Padmanabhan, V. Assessing human health risk to endocrine disrupting chemicals: A
focus on prenatal exposures and oxidative stress. Endocr. Disruptors 2015, 3, €1069916. [CrossRef]

Xin, E; Susiarjo, M.; Bartolomei, M.S. Multigenerational and transgenerational effects of endocrine disrupting chemicals: A role
for altered epigenetic regulation? Semin. Cell Dev. Biol. 2015, 43, 66-75. [CrossRef]

Uzumcu, M.; Zama, A.M.; Orug, E. Epigenetic Mechanisms in the Actions of Endocrine-disrupting Chemicals: Gonadal Effects
and Role in Female Reproduction. Reprod. Domest. Anim. 2012, 47 (Suppl. 4), 338-347. [CrossRef]

Rattan, S.; Zhou, C.; Chiang, C.; Mahalingam, S.; Brehm, E.; Flaws, J.A. Exposure to endocrine disruptors during adulthood:
Consequences for female fertility. |. Endocrinol. 2017, 233, R109-R129. [CrossRef]

Patel, S.; Zhou, C.; Rattan, S.; Flaws, J.A. Effects of Endocrine-Disrupting Chemicals on the Ovary1. Biol. Reprod. 2015, 93, 20.
[CrossRef]

Gibson, D.A.; Saunders, P.T.K. Endocrine disruption of oestrogen action and female reproductive tract cancers. Endocr.-Relat.
Cancer 2013, 21, T13-T31. [CrossRef] [PubMed]

Rutkowska, A.Z.; Diamanti-Kandarakis, E. Polycystic ovary syndrome and environmental toxins. Fertil. Steril. 2016, 106, 948-958.
[CrossRef] [PubMed]

Azziz, R.; Woods, K.S.; Reyna, R.; Key, T.J.; Knochenhauer, E.S.; Yildiz, B.O. The Prevalence and Features of the Polycystic Ovary
Syndrome in an Unselected Population. J. Clin. Endocrinol. Metab. 2004, 89, 2745-2749. [CrossRef] [PubMed]

Agrawal, R.; Sharma, S.; Bekir, J.; Conway, G.; Bailey, J.; Balen, A.; Prelevic, G. Prevalence of polycystic ovaries and polycystic
ovary syndrome in lesbian women compared with heterosexual women. Fertil. Steril. 2004, 82, 1352-1357. [CrossRef] [PubMed]
Sobolewski, M.; Barrett, E.S. Polycystic Ovary Syndrome: Do Endocrine-Disrupting Chemicals Play a Role? Semin. Reprod. Med.
2014, 32, 166-176. [CrossRef]

Kechagias, K.S.; Semertzidou, A.; Athanasiou, A.; Paraskevaidi, M.; Kyrgiou, M. Bisphenol-A and polycystic ovary syndrome: A
review of the literature. Rev. Environ. Health 2020, 35, 323-331. [CrossRef]

Hu, Y.; Wen, S.; Yuan, D.; Peng, L.; Zeng, R.; Yang, Z.; Liu, Q.; Xu, L.; Kang, D. The association between the environmental
endocrine disruptor bisphenol A and polycystic ovary syndrome: A systematic review and meta-analysis. Gynecol. Endocrinol.
2018, 34, 370-377. [CrossRef]

Vandenberg, L.N.; Chahoud, I.; Heindel, ].J.; Padmanabhan, V.; Paumgartten, EJ.R.; Schonfelder, G. Urinary, Circulating, and
Tissue Biomonitoring Studies Indicate Widespread Exposure to Bisphenol A. Ciéncia Satide Coletiva 2012, 17, 407-434. [CrossRef]
Eladak, S.; Grisin, T.; Moison, D.; Guerquin, M.-J.; N'Tumba-Byn, T.; Pozzi-Gaudin, S.; Benachi, A.; Livera, G.; Rouiller-Fabre, V,;
Habert, R. A new chapter in the bisphenol A story: Bisphenol S and bisphenol F are not safe alternatives to this compound. Fertil.
Steril. 2015, 103, 11-21. [CrossRef]

Ehrlich, S.; Calafat, A.M.; Humblet, O.; Smith, T.; Hauser, R. Handling of Thermal Receipts as a Source of Exposure to Bisphenol
A.JAMA 2014, 311, 859-860. [CrossRef]

Liao, C.; Kannan, K. Widespread Occurrence of Bisphenol A in Paper and Paper Products: Implications for Human Exposure.
Environ. Sci. Technol. 2011, 45, 9372-9379. [CrossRef] [PubMed]

Milanovi¢, M.; Milo$evi¢, N.; Sudji, J.; Stojanoski, S.; Krstono$i¢, M.A.; Bjelica, A.; Mili¢, N.; Stojanoska, M.M. Can environmental
pollutant bisphenol A increase metabolic risk in polycystic ovary syndrome? Clin. Chim. Acta 2020, 507, 257-263. [CrossRef]
[PubMed]

Wriodarczyk, E. Occurrence of bisphenol A and its effects on the human body. Arch. Physiother. Glob. Res. 2015, 19, 13-26.
[CrossRef]

Souter, I.; Smith, K.W.; Dimitriadis, I.; Ehrlich, S.; Williams, P.L.; Calafat, A.M.; Hauser, R. The association of bisphenol-A urinary
concentrations with antral follicle counts and other measures of ovarian reserve in women undergoing infertility treatments.
Reprod. Toxicol. 2013, 42, 224-231. [CrossRef] [PubMed]

Ziv-Gal, A.; Flaws, J.A. Evidence for bisphenol A-induced female infertility: A review (2007-2016). Fertil. Steril. 2016, 106,
827-856. [CrossRef] [PubMed]

Yokota, H.; Iwano, H.; Endo, M.; Kobayashi, T.; Inoue, H.; Ikushiro, S.; Yuasa, A. Glucuronidation of the environmental oes-trogen
bisphenol A by an isoform of UDP-glucuronosyltransferase, UGT2B1, in the rat liver. Biochem. J. 1999, 340, 405-409. [CrossRef]
[PubMed]

Matuszczak, E.; Komarowska, M.D.; Debek, W.; Hermanowicz, A. The Impact of Bisphenol A on Fertility, Reproductive System,
and Development: A Review of the Literature. Int. ]. Endocrinol. 2019, 2019, 4068717. [CrossRef]

Santangeli, S.; Maradonna, E; Olivotto, I; Piccinetti, C.C.; Gioacchini, G.; Carnevali, O. Effects of BPA on female reproductive
function: The involvement of epigenetic mechanism. Gen. Comp. Endocrinol. 2017, 245, 122-126. [CrossRef]

Czubacka, E.; Wielgomas, B.; Klimowska, A.; Radwan, M.; Radwan, P.; Karwacka, A.; Katuzny, P.; Jurewicz, J. Urinary Bisphenol
A Concentrations and Parameters of Ovarian Reserve among Women from a Fertility Clinic. Int. J. Environ. Res. Public Health
2021, 18, 8041. [CrossRef]


http://doi.org/10.1007/s11154-019-09521-z
http://www.ncbi.nlm.nih.gov/pubmed/31792807
http://doi.org/10.1111/j.1582-4934.2012.01649.x
http://doi.org/10.1080/23273747.2015.1069916
http://doi.org/10.1016/j.semcdb.2015.05.008
http://doi.org/10.1111/j.1439-0531.2012.02096.x
http://doi.org/10.1530/JOE-17-0023
http://doi.org/10.1095/biolreprod.115.130336
http://doi.org/10.1530/ERC-13-0342
http://www.ncbi.nlm.nih.gov/pubmed/24163391
http://doi.org/10.1016/j.fertnstert.2016.08.031
http://www.ncbi.nlm.nih.gov/pubmed/27559705
http://doi.org/10.1210/jc.2003-032046
http://www.ncbi.nlm.nih.gov/pubmed/15181052
http://doi.org/10.1016/j.fertnstert.2004.04.041
http://www.ncbi.nlm.nih.gov/pubmed/15533359
http://doi.org/10.1055/s-0034-1371088
http://doi.org/10.1515/reveh-2020-0032
http://doi.org/10.1080/09513590.2017.1405931
http://doi.org/10.1590/S1413-81232012000200015
http://doi.org/10.1016/j.fertnstert.2014.11.005
http://doi.org/10.1001/jama.2013.283735
http://doi.org/10.1021/es202507f
http://www.ncbi.nlm.nih.gov/pubmed/21939283
http://doi.org/10.1016/j.cca.2020.05.009
http://www.ncbi.nlm.nih.gov/pubmed/32387634
http://doi.org/10.15442/apgr.19.2.8
http://doi.org/10.1016/j.reprotox.2013.09.008
http://www.ncbi.nlm.nih.gov/pubmed/24100206
http://doi.org/10.1016/j.fertnstert.2016.06.027
http://www.ncbi.nlm.nih.gov/pubmed/27417731
http://doi.org/10.1042/bj3400405
http://www.ncbi.nlm.nih.gov/pubmed/10333482
http://doi.org/10.1155/2019/4068717
http://doi.org/10.1016/j.ygcen.2016.08.010
http://doi.org/10.3390/ijerph18158041

Life 2023, 13, 138 15 0f 18

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Commision Directive 2011/8/EU amending Directive 2002/72/EC aa Regards the Restriction of Use of Bisphenol A in Plastic
Infant Feeding Bottles. Off. J. Eur. Union 2011, L26/11-1L26/14. Available online: https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=CELEX:32011L0008&qid=1669142783080&from=EN (accessed on 22 November 2022).

Rochester, J.R.; Bolden, A.L. Bisphenol S and F: A Systematic Review and Comparison of the Hormonal Activity of Bisphenol A
Substitutes. Environ. Health Perspect. 2015, 123, 643-650. [CrossRef]

Jurewicz, J.; Majewska, J.; Berg, A.; Owczarek, K.; Zajdel, R.; Kaleta, D.; Wasik, A.; Rachon, D. Serum bisphenol A analogues in
women diagnosed with the polycystic ovary syndrome—Is there an association? Environ. Pollut. 2021, 272, 115962. [CrossRef]
[PubMed]

Rutkowska, A.; Rachon, D. Bisphenol A (BPA) and its potential role in the pathogenesis of the polycystic ovary syndrome (PCOS).
Gymnecol. Endocrinol. 2014, 30, 260-265. [CrossRef] [PubMed]

Fernandez, M.; Bourguignon, N.; Lux-Lantos, V.; Libertun, C. Neonatal Exposure to Bisphenol A and Reproductive and Endocrine
Alterations Resembling the Polycystic Ovarian Syndrome in Adult Rats. Environ. Health Perspect. 2010, 118, 1217-1222. [CrossRef]
[PubMed]

Palioura, E.; Diamanti-Kandarakis, E. Polycystic ovary syndrome (PCOS) and endocrine disrupting chemicals (EDCs). Rev.
Endocr. Metab. Disord. 2015, 16, 365-371. [CrossRef]

Zhou, W.; Liu, J.; Liao, L.; Han, S.; Liu, J. Effect of bisphenol A on steroid hormone production in rat ovarian theca-interstitial and
granulosa cells. Mol. Cell. Endocrinol. 2008, 283, 12-18. [CrossRef]

Nilsson, E.; Larsen, G.; Manikkam, M.; Guerrero-Bosagna, C.; Savenkova, M.I.; Skinner, M.K. Environmentally Induced Epigenetic
Transgenerational Inheritance of Ovarian Disease. PLoS ONE 2012, 7, e36129. [CrossRef]

Ehrlich, S.; Williams, P.L.; Missmer, S.A.; Flaws, J.A.; Berry, K.F,; Calafat, A.M.; Ye, X.; Petrozza, ].C.; Wright, D.; Hauser, R. Urinary
Bisphenol A Concentrations and Implantation Failure among Women Undergoing In Vitro Fertilization. Environ. Health Perspect.
2012, 120, 978-983. [CrossRef]

Déchaud, H.; Ravard, C.; Claustrat, F; de la Perriere, A.B.; Pugeat, M. Xenoestrogen interaction with human sex hormone-binding
globulin (hNSHBG)1. Steroids 1999, 64, 328-334. [CrossRef]

Gonzalez, F; Rote, N.S.; Minium, J.; Kirwan, J.P. Evidence of proatherogenic inflammation in polycystic ovary syndrome.
Metabolism 2009, 58, 954-962. [CrossRef]

Phrakonkham, P.; Viengchareun, S.; Belloir, C.; Lombes, M.; Artur, Y.; Canivenc-Lavier, M.-C. Dietary xenoestrogens differentially
impair 3T3-L1 preadipocyte differentiation and persistently affect leptin synthesis. J. Steroid Biochem. Mol. Biol. 2008, 110, 95-103.
[CrossRef] [PubMed]

Somm, E.; Schwitzgebel, V.M.; Toulotte, A.; Cederroth, C.R.; Combescure, C.; Nef, S.; Aubert, M.L.; Hiippi, P.S. Perinatal Exposure
to Bisphenol A Alters Early Adipogenesis in the Rat. Environ. Health Perspect. 2009, 117, 1549-1555. [CrossRef] [PubMed]
Wada, K.; Sakamoto, H.; Nishikawa, K.; Sakuma, S.; Nakajima, A.; Fujimoto, Y.; Kamisaki, Y. Life Style-Related Diseases of
the Digestive System: Endocrine Disruptors Stimulate Lipid Accumulation in Target Cells Related to Metabolic Syndrome. .
Pharmacol. Sci. 2007, 105, 133-137. [CrossRef]

Alonso-Magdalena, P.; Morimoto, S.; Ripoll, C.; Fuentes, E.; Nadal, A. The Estrogenic Effect of Bisphenol A Disrupts Pancreatic
-Cell Function In Vivo and Induces Insulin Resistance. Environ. Health Perspect. 2006, 114, 106-112. [CrossRef] [PubMed]
Lang, I.A.; Galloway, T.S.; Scarlett, A.; Henley, W.E.; Depledge, M.; Wallace, R.B.; Melzer, D. Association of Urinary Bisphenol
A Concentration with Medical Disorders and Laboratory Abnormalities in Adults. JAMA 2008, 300, 1303-1310. [CrossRef]
[PubMed]

Hewlett, M.; Chow, E.; Aschengrau, A.; Mahalingaiah, S. Prenatal Exposure to Endocrine Disruptors: A Developmental Etiology
for Polycystic Ovary Syndrome. Reprod. Sci. 2017, 24, 19-27. [CrossRef]

Jayashree, S.; Indumathi, D.; Akilavalli, N.; Sathish, S.; Selvaraj, J.; Balasubramanian, K. Effect of Bisphenol-A on insulin signal
transduction and glucose oxidation in liver of adult male albino rat. Environ. Toxicol. Pharmacol. 2013, 35, 300-310. [CrossRef]
Nandi, A ; Sinha, N.; Ong, E.; Sonmez, H.; Poretsky, L. Is there a role for vitamin D in human reproduction? Horm. Mol. Biol. Clin.
Investig. 2016, 25, 15-28. [CrossRef]

Yaoi, T.; Itoh, K.; Nakamura, K.; Ogi, H.; Fujiwara, Y.; Fushiki, S. Genome-wide analysis of epigenomic alterations in fetal mouse
forebrain after exposure to low doses of bisphenol A. Biochem. Biophys. Res. Commun. 2008, 376, 563-567. [CrossRef]

Qu, F; Wang, E-F; Yin, R,; Ding, G.-L.; El-Prince, M.; Gao, Q.; Shi, B.-W.; Pan, H.-H.; Huang, Y.-T; Jin, M.; et al. A molecular
mechanism underlying ovarian dysfunction of polycystic ovary syndrome: Hyperandrogenism induces epigenetic alterations in
the granulosa cells. Klin. Wochenschr. 2012, 90, 911-923. [CrossRef]

Virant-Klun, I.; Imamovic-Kumalic, S.; Pinter, B. From Oxidative Stress to Male Infertility: Review of the Associations of
Endocrine-Disrupting Chemicals (Bisphenols, Phthalates, and Parabens) with Human Semen Quality. Antioxidants 2022, 11, 1617.
[CrossRef] [PubMed]

Braun, J.M.; Just, A.; Williams, PL.; Smith, KW.; Calafat, A.M.; Hauser, R. Personal care product use and urinary phthalate
metabolite and paraben concentrations during pregnancy among women from a fertility clinic. J. Expo. Sci. Environ. Epidemiol.
2014, 24, 459-466. [CrossRef] [PubMed]

Matwiejczuk, N.; Galicka, A.; Brzéska, M.M. Review of the safety of application of cosmetic products containing parabens. J.
Appl. Toxicol. 2020, 40, 176-210. [CrossRef]


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0008&qid=1669142783080&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0008&qid=1669142783080&from=EN
http://doi.org/10.1289/ehp.1408989
http://doi.org/10.1016/j.envpol.2020.115962
http://www.ncbi.nlm.nih.gov/pubmed/33223334
http://doi.org/10.3109/09513590.2013.871517
http://www.ncbi.nlm.nih.gov/pubmed/24397396
http://doi.org/10.1289/ehp.0901257
http://www.ncbi.nlm.nih.gov/pubmed/20413367
http://doi.org/10.1007/s11154-016-9326-7
http://doi.org/10.1016/j.mce.2007.10.010
http://doi.org/10.1371/journal.pone.0036129
http://doi.org/10.1289/ehp.1104307
http://doi.org/10.1016/S0039-128X(98)00114-7
http://doi.org/10.1016/j.metabol.2009.02.022
http://doi.org/10.1016/j.jsbmb.2008.02.006
http://www.ncbi.nlm.nih.gov/pubmed/18359623
http://doi.org/10.1289/ehp.11342
http://www.ncbi.nlm.nih.gov/pubmed/20019905
http://doi.org/10.1254/jphs.FM0070034
http://doi.org/10.1289/ehp.8451
http://www.ncbi.nlm.nih.gov/pubmed/16393666
http://doi.org/10.1001/jama.300.11.1303
http://www.ncbi.nlm.nih.gov/pubmed/18799442
http://doi.org/10.1177/1933719116654992
http://doi.org/10.1016/j.etap.2012.12.016
http://doi.org/10.1515/hmbci-2015-0051
http://doi.org/10.1016/j.bbrc.2008.09.028
http://doi.org/10.1007/s00109-012-0881-4
http://doi.org/10.3390/antiox11081617
http://www.ncbi.nlm.nih.gov/pubmed/36009337
http://doi.org/10.1038/jes.2013.69
http://www.ncbi.nlm.nih.gov/pubmed/24149971
http://doi.org/10.1002/jat.3917

Life 2023, 13, 138 16 of 18

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Ye, X.; Bishop, A.M.; Reidy, ].A.; Needham, L.L.; Calafat, A.M. Parabens as Urinary Biomarkers of Exposure in Humans. Environ.
Health Perspect. 2006, 114, 1843-1846. [CrossRef] [PubMed]

Azzouz, A.; Rascon, A.].; Ballesteros, E. Simultaneous determination of parabens, alkylphenols, phenylphenols, bisphenol A and
triclosan in human urine, blood and breast milk by continuous solid-phase extraction and gas chromatography-mass spectrometry.
J. Pharm. Biomed. Anal. 2016, 119, 16-26. [CrossRef] [PubMed]

Routledge, E.J.; Parker, ].; Odum, J.; Ashby, J.; Sumpter, ].P. Some Alkyl Hydroxy Benzoate Preservatives (Parabens) Are Estrogenic.
Toxicol. Appl. Pharmacol. 1998, 153, 12-19. [CrossRef]

Vo, T.T,; Yoo, Y.-M.; Choi, K.-C.; Jeung, E.-B. Potential estrogenic effect(s) of parabens at the prepubertal stage of a postnatal
female rat model. Reprod. Toxicol. 2010, 29, 306-316. [CrossRef]

Chen, J.; Ahn, K.C,; Gee, N.A ; Gee, S.J.; Hammock, B.D.; Lasley, B.L. Antiandrogenic properties of parabens and other phenolic
containing small molecules in personal care products. Toxicol. Appl. Pharmacol. 2007, 221, 278-284. [CrossRef]

Kang, K.-S.; Che, J.-H.; Ryu, D.-Y,; Kim, T.-W.; Li, G.-X; Lee, Y.-S. Decreased Sperm Number and Motile Activity on the F1
Offspring Maternally Exposed to Butyl p-Hydroxybenzoic Acid(Butyl Paraben). J. Vet. Med. Sci. 2002, 64, 227-235. [CrossRef]
Smith, K.W.; Souter, I.; Dimitriadis, I.; Ehrlich, S.; Williams, P.L.; Calafat, A.M.; Hauser, R. Urinary Paraben Concentrations and
Ovarian Aging among Women from a Fertility Center. Environ. Health Perspect. 2013, 121, 1299-1305. [CrossRef]

Jurewicz, J.; Radwan, M.; Wielgomas, B.; Karwacka, A.; Klimowska, A.; Katuzny, P; Radwan, P; Hanke, W. Parameters of ovarian
reserve in relation to urinary concentrations of parabens. Environ. Health 2020, 19, 26. [CrossRef] [PubMed]

Nishihama, Y.; Yoshinaga, J.; lida, A.; Konishi, S.; Imai, H.; Yoneyama, M.; Nakajima, D.; Shiraishi, H. Association between
paraben exposure and menstrual cycle in female university students in Japan. Reprod. Toxicol. 2016, 63, 107-113. [CrossRef]
[PubMed]

Smarr, M.M.; Sundaram, R.; Honda, M.; Kannan, K.; Louis, G.B. Urinary Concentrations of Parabens and Other Antimicrobial
Chemicals and Their Association with Couples’ Fecundity. Environ. Health Perspect. 2017, 125, 730-736. [CrossRef]

Aker, AM.; Watkins, D.J.; Johns, L.E.; Ferguson, K.K.; Soldin, O.P; Del Toro, L.V.A.; Alshawabkeh, A.N.; Cordero, J.F.; Meeker,
J.D. Phenols and parabens in relation to reproductive and thyroid hormones in pregnant women. Environ. Res. 2016, 151, 30-37.
[CrossRef] [PubMed]

Minguez-Alarcon, L.; Chiu, Y.-H.; Messerlian, C.; Williams, P.L.; Sabatini, M.E.; Toth, T.L.; Ford, J.B.; Calafat, A.M.; Hauser, R.
Urinary paraben concentrations and in vitro fertilization outcomes among women from a fertility clinic. Fertil. Steril. 2016, 105,
714-721. [CrossRef] [PubMed]

Minguez-Alarcon, L.; Messerlian, C.; Bellavia, A.; Gaskins, A.J.; Chiu, Y.-H.; Ford, ].B.; Azevedo, A.R,; Petrozza, ].C.; Calafat, A.M.;
Hauser, R.; et al. Urinary concentrations of bisphenol A, parabens and phthalate metabolite mixtures in relation to reproductive
success among women undergoing in vitro fertilization. Environ. Int. 2019, 126, 355-362. [CrossRef] [PubMed]

Maksymowicz, M.; Reka, G.; Machowiec, P.; Piecewicz-Szczesna, H. Impact of Triclosan on Female and Male Reproductive
System and Its Consequences on Fertility; A Literature Review. J. Fam. Reprod. Health 2022, 16, 33-42. [CrossRef]

Craig, Z.R.; Ziv-Gal, A. Pretty Good or Pretty Bad? The Ovary and Chemicals in Personal Care Products. Toxicol. Sci. 2017, 162,
349-360. [CrossRef]

Derakhshan, A.; Shu, H.; Peeters, R.P.; Kortenkamp, A.; Lindh, C.H.; Demeneix, B.; Bornehag, C.-G.; Korevaar, T..M. Association
of urinary bisphenols and triclosan with thyroid function during early pregnancy. Environ. Int. 2019, 133, 105123. [CrossRef]
Commision Implementing Decision (EU) 2016/110 Not Approving Triclosan as an Existing Active Substance for Use in Biocidal
Products Forproduct-Type 1. 2016. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
32016D0110&from=PT (accessed on 8 October 2022).

Wang, F.; Zheng, F.; Liu, F. Effects of triclosan on antioxidant- and apoptosis-related genes expression in the gill and ovary of
zebrafish. Exp. Anim. 2020, 69, 199-206. [CrossRef]

Cao, X.-Y.;; Hua, X; Xiong, J.-W.; Zhu, W.-T.; Zhang, J.; Chen, L. Impact of Triclosan on Female Reproduction through Reducing
Thyroid Hormones to Suppress Hypothalamic Kisspeptin Neurons in Mice. Front. Mol. Neurosci. 2018, 11, 6. [CrossRef]

Du, Y,; Wang, B.; Cai, Z.; Zhang, H.; Wang, B.; Liang, W.; Zhou, G.; Ouyang, F; Wang, W. The triclosan-induced shift from
aerobic to anaerobic metabolism link to increased steroidogenesis in human ovarian granulosa cells. Ecotoxicol. Environ. Saf. 2021,
220, 112389. [CrossRef] [PubMed]

Minguez-Alarcén, L.; Christou, G.; Messerlian, C.; Williams, P.L.; Carignan, C.C.; Souter, I; Ford, J.B.; Calafat, A.M.; Hauser, R.;
Keller, M.G.; et al. Urinary triclosan concentrations and diminished ovarian reserve among women undergoing treatment in a
fertility clinic. Fertil. Steril. 2017, 108, 312-319. [CrossRef] [PubMed]

Jurewicz, J.; Wielgomas, B.; Radwan, M.; Karwacka, A.; Klimowska, A.; Dziewirska, E.; Korczak, K.; Zajdel, R.; Radwan, P;
Hanke, W. Triclosan exposure and ovarian reserve. Reprod. Toxicol. 2019, 89, 168-172. [CrossRef] [PubMed]

Hua, R;; Zhou, Y.; Wu, B.; Huang, Z.; Zhu, Y.; Song, Y.; Yu, Y.; Li, H.; Quan, S. Urinary triclosan concentrations and early outcomes
of in vitro fertilization-embryo transfer. Reproduction 2017, 153, 319-325. [CrossRef] [PubMed]

Vélez, M.P,; Arbuckle, T.E.; Fraser, W.D. Female exposure to phenols and phthalates and time to pregnancy: The Maternal-Infant
Research on Environmental Chemicals (MIREC) Study. Fertil. Steril. 2015, 103, 1011-1020. [CrossRef]

Zhang, ].; Liu, X.E; Liu, Y;; Xu, L.Z,; Zhou, L.L,; Tang, L.L.; Zhuang, J.; Li, T.T.; Guo, W.Q.; Hu, R; et al. Environmental risk factors
for women with polycystic ovary syndrome in China: A population-based case-control study. J. Biol. Regul. Homeost. Agents 2014,
28,203-211.


http://doi.org/10.1289/ehp.9413
http://www.ncbi.nlm.nih.gov/pubmed/17185273
http://doi.org/10.1016/j.jpba.2015.11.024
http://www.ncbi.nlm.nih.gov/pubmed/26637951
http://doi.org/10.1006/taap.1998.8544
http://doi.org/10.1016/j.reprotox.2010.01.013
http://doi.org/10.1016/j.taap.2007.03.015
http://doi.org/10.1292/jvms.64.227
http://doi.org/10.1289/ehp.1205350
http://doi.org/10.1186/s12940-020-00580-3
http://www.ncbi.nlm.nih.gov/pubmed/32122340
http://doi.org/10.1016/j.reprotox.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27189314
http://doi.org/10.1289/EHP189
http://doi.org/10.1016/j.envres.2016.07.002
http://www.ncbi.nlm.nih.gov/pubmed/27448730
http://doi.org/10.1016/j.fertnstert.2015.11.021
http://www.ncbi.nlm.nih.gov/pubmed/26654974
http://doi.org/10.1016/j.envint.2019.02.025
http://www.ncbi.nlm.nih.gov/pubmed/30826614
http://doi.org/10.18502/jfrh.v16i1.8592
http://doi.org/10.1093/toxsci/kfx285
http://doi.org/10.1016/j.envint.2019.105123
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016D0110&from=PT
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016D0110&from=PT
http://doi.org/10.1538/expanim.19-0115
http://doi.org/10.3389/fnmol.2018.00006
http://doi.org/10.1016/j.ecoenv.2021.112389
http://www.ncbi.nlm.nih.gov/pubmed/34082246
http://doi.org/10.1016/j.fertnstert.2017.05.020
http://www.ncbi.nlm.nih.gov/pubmed/28583664
http://doi.org/10.1016/j.reprotox.2019.07.086
http://www.ncbi.nlm.nih.gov/pubmed/31377340
http://doi.org/10.1530/REP-16-0501
http://www.ncbi.nlm.nih.gov/pubmed/28073982
http://doi.org/10.1016/j.fertnstert.2015.01.005

Life 2023, 13, 138 17 of 18

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Akin, L.; Kendirci, M.; Narin, E; Kurtoglu, S.; Saraymen, R.; Kondolot, M.; Kocak, S.0.; Hatipoglu, N.; Elmali, E. The Role of
Bisphenol A in Etiopathogenesis of Polycystic Ovary Syndrome in Adolescent Girls; ESPE: Dublin, Ireland, 2014.

Cunningham, T.; Allgar, V.; Atkin, S.; Kilpatrick, E.; Maguiness, S.; Sathyapalan, T. A Prospective Cohort Study Investigating
Endocrine Disrupting Agents and Polycystic Ovary Syndrome within an IVF Setting; Society for Endocrinology BES 2016: Brighton,
UK, 2016.

Lazurova, Z.; Figurova, ].; Hubkova, B.; Lazurova, I. Relationship of urinary bisphenol A to metabolic and hormonal profile in
PCOS women. In Proceedings of the 20th European Congress of Endocrinology, Barcelona, Spain, 19-22 May 2018.

Akgtil, S.; Sur, U.; Diizceker, Y.; Balci, A.; Kizilkan, M.P; Kanbur, N.; Bozdag, G.; Erkekoglu, P.; Gumiis, E.; Kocer-Gumusel, B.;
et al. Bisphenol A and phthalate levels in adolescents with polycystic ovary syndrome. Gynecol. Endocrinol. 2019, 35, 1084-1087.
[CrossRef]

Ak, L.; Kendirci, M.; Narin, E; Kurtoglu, S.; Saraymen, R.; Kondolot, M.; Kogak, S.; Elmals, F.; Elmali, F. The endocrine disruptor
bisphenol A may play a role in the aetiopathogenesis of polycystic ovary syndrome in adolescent girls. Acta Paediatr. 2015, 104,
el71-e177. [CrossRef]

Gu, J; Yuan, T.; Ni, N.; Ma, Y.; Shen, Z.; Yu, X,; Shi, R;; Tian, Y.; Zhou, W.; Zhang, ]J. Urinary concentration of personal care
products and polycystic ovary syndrome: A case-control study. Environ. Res. 2019, 168, 48-53. [CrossRef]

Rashidi, B.H.; Amanlou, M.; Lak, T.B.; Ghazizadeh, M.; Haghollahi, F.; Bagheri, M.; Eslami, B. The Association Between Bisphenol
A and Polycystic Ovarian Syndrome: A Case-Control Study. Acta MEDICA Iran. 2017, 55, 759-764.

Jedrzejuk, D.; Kuliczkowska-Plaksej, J.; Milewicz, A.; Wilczewska, K.; Namiesnik, J.; Rutkowska, A. Bisphenol A levels are
inversely associated with serum vitamin D-binding protein and sex hormone-binding globulin levels in women with polycystic
ovary syndrome: A pilot study. Pol. Arch. Intern. Med. 2019, 129, 133-136. [CrossRef]

Kandaraki, E.; Chatzigeorgiou, A.; Livadas, S.; Palioura, E.; Economou, F.; Koutsilieris, M.; Palimeri, S.; Panidis, D.; Diamanti-
Kandarakis, E. Endocrine Disruptors and Polycystic Ovary Syndrome (PCOS): Elevated Serum Levels of Bisphenol A in Women
with PCOS. J. Clin. Endocrinol. Metab. 2011, 96, E480-E484. [CrossRef]

Konieczna, A.; Rachon, D.; Owczarek, K.; Kubica, P.; Kowalewska, A.; Kudiak, B.; Wasik, A.; Namiesnik, J. Serum bisphenol
A concentrations correlate with serum testosterone levels in women with polycystic ovary syndrome. Reprod. Toxicol. 2018, 82,
32-37. [CrossRef] [PubMed]

Lazuarova, Z.; Figurova, J.; Hubkova, B.; Maslankov4, J.; Laztrova, I. Urinary bisphenol A in women with polycystic ovary
syndrome—A possible suppressive effect on steroidogenesis? Horm. Mol. Biol. Clin. Investig. 2021, 42, 303-309. [CrossRef]

Luo, Y;; Nie, Y,; Tang, L.; Xu, C.C.; Xu, L. The correlation between UDP-glucuronosyltransferase polymorphisms and environmen-
tal endocrine disruptors levels in polycystic ovary syndrome patients. Medicine 2020, 99, e19444. [CrossRef] [PubMed]
Simkova, M.; Vitka, J.; Kolatorova, L.; Vrbikov4, J.; Vosatkova, M.; Veeldk, J.; Duskova, M. Endocrine Disruptors, Obesity, and
Cytokines—How Relevant Are They to PCOS? Physiol. Res. 2020, 69, S279-5293. [CrossRef]

Tarantino, G.; Valentino, R.; Di Somma, C.; D’Esposito, V.; Passaretti, F.; Pizza, G.; Brancato, V.; Orio, F; Formisano, P; Colao, A.;
et al. Bisphenol A in polycystic ovary syndrome and its association with liver-spleen axis. Clin. Endocrinol. 2013, 78, 447-453.
[CrossRef]

Vagi, S.J.; Azziz-Baumgartner, E.; Sjodin, A.; Calafat, A.M.; Dumesic, D.; Gonzalez, L.; Kato, K; Silva, ML.].; Ye, X.; Azziz, R.
Exploring the potential association between brominated diphenyl ethers, polychlorinated biphenyls, organochlorine pesticides,
perfluorinated compounds, phthalates, and bisphenol a in polycystic ovary syndrome: A case-control study. BMC Endocr. Disord.
2014, 14, 86. [CrossRef]

Vahedi, M.; Saeedi, A.; Poorbaghi, S.L.; Sepehrimanesh, M.; Fattahi, M.R. Metabolic and endocrine effects of bisphenol A exposure
in market seller women with polycystic ovary syndrome. Environ. Sci. Pollut. Res. 2016, 23, 23546-23550. [CrossRef]

Wang, Y.; Zhu, Q.; Dang, X.; He, Y.; Li, X,; Sun, Y. Local effect of bisphenol A on the estradiol synthesis of ovarian granulosa cells
from PCOS. Gynecol. Endocrinol. 2017, 33, 21-25. [CrossRef] [PubMed]

Zhou, W,; Fang, F; Zhu, W,; Chen, Z.-].; Du, Y,; Zhang, J. Bisphenol A and Ovarian Reserve among Infertile Women with
Polycystic Ovarian Syndrome. Int. J. Environ. Res. Public Health 2016, 14, 18. [CrossRef] [PubMed]

Takeuchi, T.; Tsutsumi, O.; Ikezuki, Y.; Takai, Y.; Taketani, Y. Positive Relationship between Androgen and the Endocrine Disruptor,
Bisphenol A, in Normal Women and Women with Ovarian Dysfunction. Endocr. |. 2004, 51, 165-169. [CrossRef] [PubMed]
Hanioka, N.; Jinno, H.; Nishimura, T.; Ando, M. Suppression of male-specific cytochrome P450 isoforms by bisphenol A in rat
liver. Arch. Toxicol. 1998, 72, 387-394. [CrossRef] [PubMed]

Li, D.-K.; Miao, M.; Zhou, Z.; Wu, C.; Shi, H,; Liu, X.;; Wang, S.; Yuan, W. Urine Bisphenol-A Level in Relation to Obesity and
Overweight in School-Age Children. PLoS ONE 2013, 8, €65399. [CrossRef]

Palioura, E.; Kandaraki, E.; Diamanti-Kandarakis, E. Endocrine disruptors and polycystic ovary syndrome: A focus on Bisphenol
A and its potential pathophysiological aspects. Horm. Mol. Biol. Clin. Investig. 2014, 17, 137-144. [CrossRef]

Park, S.Y.; Jeon, J.H,; Jeong, K.; Chung, HW.,; Lee, H.; Sung, Y.-A.; Ye, S.; Ha, E.-H. The Association of Ovarian Reserve with
Exposure to Bisphenol A and Phthalate in Reproductive-aged Women. J. Korean Med. Sci. 2021, 36, el. [CrossRef]

Silvestris, E.; Cohen, M.; Cornet, D.; Jacquesson-Fournols, L.; Clement, P.; Chouteau, J.; Schneider, M.; Besnard, T.; Ménézo, Y.
Supporting the One-Carbon Cycle Restores Ovarian Reserve in Subfertile Women: Absence of Correlation with Urinary Bisphenol
A Concentration. BioRes. Open Access 2017, 6, 104-109. [CrossRef]


http://doi.org/10.1080/09513590.2019.1630608
http://doi.org/10.1111/apa.12885
http://doi.org/10.1016/j.envres.2018.09.014
http://doi.org/10.20452/pamw.4419
http://doi.org/10.1210/jc.2010-1658
http://doi.org/10.1016/j.reprotox.2018.09.006
http://www.ncbi.nlm.nih.gov/pubmed/30266220
http://doi.org/10.1515/hmbci-2020-0032
http://doi.org/10.1097/MD.0000000000019444
http://www.ncbi.nlm.nih.gov/pubmed/32176075
http://doi.org/10.33549/physiolres.934521
http://doi.org/10.1111/j.1365-2265.2012.04500.x
http://doi.org/10.1186/1472-6823-14-86
http://doi.org/10.1007/s11356-016-7573-5
http://doi.org/10.1080/09513590.2016.1184641
http://www.ncbi.nlm.nih.gov/pubmed/27187585
http://doi.org/10.3390/ijerph14010018
http://www.ncbi.nlm.nih.gov/pubmed/28036005
http://doi.org/10.1507/endocrj.51.165
http://www.ncbi.nlm.nih.gov/pubmed/15118266
http://doi.org/10.1007/s002040050518
http://www.ncbi.nlm.nih.gov/pubmed/9708877
http://doi.org/10.1371/journal.pone.0065399
http://doi.org/10.1515/hmbci-2014-0003
http://doi.org/10.3346/jkms.2021.36.e1
http://doi.org/10.1089/biores.2017.0016

Life 2023, 13, 138 18 of 18

105.

106.

107.

108.

Mok-Lin, E.; Ehrlich, S.; Williams, PL.; Petrozza, J.; Wright, D.L.; Calafat, A.M.; Ye, X.; Hauser, R. Urinary bisphenol A
concentrations and ovarian response among women undergoing IVE. Int. ]. Androl. 2010, 33, 385-393. [CrossRef]

Wu, L.-H.; Zhang, X.-M.; Wang, F.; Gao, C.-J.; Chen, D.; Palumbo, J.R.; Guo, Y.; Zeng, E.Y. Occurrence of bisphenol S in the
environment and implications for human exposure: A short review. Sci. Total Environ. 2018, 615, 87-98. [CrossRef]
Asimakopoulos, A.G.; Xue, J.; De Carvalho, B.P; Iyer, A.; Abualnaja, K.O.; Yaghmoor, S.S.; Kumosani, T.A.; Kannan, K. Urinary
biomarkers of exposure to 57 xenobiotics and its association with oxidative stress in a population in Jeddah, Saudi Arabia. Environ.
Res. 2016, 150, 573-581. [CrossRef] [PubMed]

Ye, J.; Zhu, W,; Liu, H.; Mao, Y,; Jin, F; Zhang, ]J. Environmental exposure to triclosan and polycystic ovary syndrome: A
cross-sectional study in China. BM] Open 2018, 8, e019707. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1111/j.1365-2605.2009.01014.x
http://doi.org/10.1016/j.scitotenv.2017.09.194
http://doi.org/10.1016/j.envres.2015.11.029
http://www.ncbi.nlm.nih.gov/pubmed/26654562
http://doi.org/10.1136/bmjopen-2017-019707
http://www.ncbi.nlm.nih.gov/pubmed/30337305

	Introduction 
	Materials and Methods 
	Literature Identification 
	The Inclusion and Exclusion Criteria 
	Data Extraction 

	Results 
	Bisphenol A (BPA) 
	Parabens 
	Triclosan (TCS) 
	Literature Search 
	Association of Endocrine-Disrupting Chemicals with Polycystic Ovary Syndrome 
	Bisphenol A and PCOS 
	Parabens and PCOS 
	Triclosan and PCOS 


	Discussion 
	Conclusions 
	References

