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A B S T R A C T

Bisphenol-A (BPA) is a recognized endocrine-disrupting chemical used to produce several consumer goods and
products. There has been widespread exposure to BPA because of increased industrial production and use of BPA-
containing products. As a result of these exposures, BPA is found in several human body fluids and can cause
endocrine disruption by interfering with hormone signaling pathways and epigenetic modifications. Therefore,
human reproductive health and development have been adversely affected by BPA. This review aimed to
consolidate existing knowledge on the impact of BPA on human reproductive health, examining its effects on
both males and females. To achieve this, we systematically searched four databases for studies that associated
BPA with reproductive health (male and female), after which we retrieved the important information from the
selected articles. There was an association of reproductive health diseases with high BPA exposure. In males, BPA
was associated with increased sperm alterations, altered reproductive hormone levels, and testicular atrophy. In
females, there was an association of BPA exposure with hormonal imbalances, reduced ovarian reserve, and
increased likelihood of conditions such as fibroids, polycystic ovarian syndrome, endometriosis and infertility.
BPA’s pervasive presence and its harmful effects on reproductive health underscore the need for global regu-
lation and public awareness. Although substantial evidence from animal and in vitro studies supports the
detrimental effects of BPA, there is a need for more human-focused research, particularly in developing coun-
tries, to confirm these findings. This review advocates for increased regulatory measures to limit BPA exposure.

1. Introduction

Endocrine-disrupting chemicals (EDCs) are environmental chemicals
made up of one substance or a mixture of substances that can distort the
endocrine system and lead to several developmental and reproductive
effects [61]. They comprise a heterogeneous group of compounds uti-
lized in producing consumables that are used daily, e.g. personal care
products, food packaging materials, building materials, pesticides, etc.
[5]. Research has shown that EDCsmay affect several hormone signaling
pathways by interacting with hormone receptors and interfering with
the production, general metabolism or transport of hormones [39]. BPA
is a recognized example of EDCs [5], and its consumption and produc-
tion globally have been in very high quantities [7]. It is an organic
compound of carbon, hydrogen and oxygen, comprises two hydrox-
yphenyl groups, and is a member of the class of diphenylmethane de-
rivatives and bisphenols [144]. It was initially produced by a Russian
chemist known as Aleksandr P. Dianin by mixing phenol and acetone
with a strong acid acting as a catalyst [23]. It is primarily utilized in
producing epoxy resins, polycarbonate plastic, and as a non-polymer

addition to other plastics [1,30]. Human exposure to BPA is wide-
spread and well-documented because of its use in the production of
household goods and products, such as dental sealants, protective
coatings, water supply pipes, polycarbonate food containers and uten-
sils, some flame retardants, thermal paper, dental compounds and safety
and medical device packaging [87,88,144]. As a result of these expo-
sures, BPA has been demonstrated to have possible adverse effects on
human reproduction and development [142].

BPA has been quantified in several body fluids, including blood,
urine, breast milk, cord blood, and more. It can also easily and readily
cross the blood-brain and placenta barriers because it is very lipophilic
[43]. The digestive system (ingestion) [37,58], vertical transmission
(maternofetal) [126], respiratory system (inhalation) [22], and integu-
mentary system (skin and eye contact) [49] have all been described as
potential routes of exposure to BPA (Fig. 2), with exposure through di-
etary routes being the most prevalent [7]. BPA acts by binding to es-
trogen receptors (ERs) located in the cytoplasm (cER), nucleus (nER), or
cell membrane (mER) and stimulating several signaling pathways that
induce changes in gene expression. BPA can also manipulate the cellular
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microenvironment directly because its detoxification leads to free
radical formation, which can damage the DNA [8]. It can also bind
directly to androgen receptors and act as an anti-androgen by inhibiting
the effects of endogenous androgens [115]. The effect of this includes
triggering alterations in the reproductive health of humans. Being
exposed to a high amount of BPA in the developmental stages in males
resulted in the feminization of male fetuses, disturbance of the sperm
parameters, and reduction in the levels of testosterone and testicular and
epididymal atrophy [60]. In females, high exposure to BPA affects the
levels of estradiol (E2), which in turn causes irregular hormone balance
and other metabolic abnormalities, e.g. early puberty, menstrual irreg-
ularities, increased risk of endometriosis as well as being at higher risk of
embryo implantation failure [82]. BPA has influenced the pathogenesis
of several reproductive health diseases, which include fibroids, polycy-
stic ovarian syndrome (PCOS), endometriosis, female infertility, pri-
mary ovarian insufficiency (POI), etc., as well as led to an increase in the
presentation of male infertility. Given the increasing pervasiveness of
BPA exposure and its detrimental impact on reproductive health [129,
81], there is an urgent need to understand the full scope of its impact.
Despite substantial evidence from animal and in vitro studies [35,43,94,
123], further research focusing on human populations is essential to
confirm these effects and guide effective regulatory measures. This re-
view provides a comprehensive analysis of BPA’s effects on human
reproductive health. It synthesizes findings from various studies to
elucidate its role in reproductive disorders, focusing on both male and
female perspectives. By consolidating and critically analyzing
human-based research, this review offers a more applicable

understanding of the impact of BPA, especially in comparison to the
predominantly animal-centered and in vitro studies in the existing
literature [93]. It addresses the variability of research findings,
providing insights into how differences in study design, methodology,
and population characteristics influence the observed effects of BPA.
Furthermore, this review highlights the critical need for global regula-
tions on BPA use, the promotion of safer alternatives, and the urgent
necessity for increased research and regulation in non-developed
countries, addressing a significant gap in the current literature.

2. Methodology

Articles were systematically retrieved through searches on EBSCO,
Google Scholar, Scopus, and PubMed using an array of keywords: BPA,
Bisphenol-A, Reproductive Health, Male Reproductive Health, Female
Reproductive Health, Male Infertility, Endometriosis, Polycystic
Ovarian Syndrome, Uterine Fibroids, Leiomyoma, Primary Ovarian
Insufficiency, Cervical Cancer and Uterine Cervical neoplasms in the
search. The search terms were adjusted according to the specific re-
quirements of each database. We focused on articles between the years
2000–2023. Duplicate articles found across the four databases were
removed before proceeding to the screening process. Following retrieval
and removal of duplicates, two reviewers (OAR and EAS) screened the
articles independently; initially, they screened the titles and abstracts
and proceeded to screen the full-text articles. For inclusion, articles were
required to provide quantitative data on BPA and its association with
either male or female reproductive health (Fig. 1).

Fig. 1. Flowchart of search and selection process.
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We excluded articles that were book chapters, not English, review/
methods, and involved animal models from our review. We gathered
information regarding the number and country of participants, type of
study, BPA concentration, and method of BPA analysis. We retrieved the
range/mean/median of BPA concentrations in the articles to depict the
relationship between BPA and human reproductive health. The articles
were then grouped based on male and female reproductive health
(Tables 1–7).

3. Results and discussion

We systematically searched and reviewed articles examining the
relationship between BPA and reproductive health in males and females.
Among the 91 articles included in this review, 37.4 % discussed the
impact of BPA on male reproductive health diseases, while 62.6 %
addressed how BPA is involved in female reproductive health diseases.
The studies originated from various continents, with the highest pro-
portion conducted in Asia (42.9 %), followed by Europe (29.7 %), North
America (19.9 %), Africa (5.5 %), and Australia and South America (1 %
each). BPA was quantified in several body fluids, including urine,

Table 1
BPA and fibroids.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

1 Case-control
study
495 women

GM (Cre)
Cases: 2.09 μg/g
Controls: 1.46 μg/g

HPLC-MS/MS Urine USA No relationship was found between fibroids and BPA levels. Pollack et al.
[107]

2 Case-control
study
Cases: 100
Controls: 28

Range: ND-
2.603 ng/ml.

LC-MS Serum Korea Higher BPA levels were found in patients with larger
leiomyomas.

Han et al.
[42]

3 Case-control
study
Cases: 49
Controls:29

AM
Cases: 13.9 ±

12.7 ng/ml
Controls: 8.50 ±

12.2 ng/ml

HPLC–MS/MS Urine China There was a difference between the mean levels and
concentration distribution of urinary BPA between the two
groups, but the BPA levels were not significantly different.

Zhou et al.
[151]

4 Case-control
study
Cases: 214
Control:126

AM Urinary
Control: 11.788 ±

1.738 ng/ml
Cases: 17.586 ±

2.329 ng/ml
AM Plasma
Control: 7.062 ±

8.840 ng/ml
Cases: 5.046 ±

5.911 ng/ml

HPLC-MS/MS. Urine,
Plasma

China The mean levels, range of urinary BPA, and the number of
participants with detectable BPA levels varied between the cases
and controls, but no significant difference in urinary and plasma
BPA levels of the cases and control group.

Shen et al.
[120]

5 Case-control
study
300 women

Cases
Range:
Urine:
1.06–59.6 ng/ml
Plasma:
0.85–35.5 ng/ml
Controls
Urine:
1.17–57.4 ng/ml
Plasma:
0.97–62.8 ng/ml

HPLC-MS/MS Urine,
Plasma

China Plasma and urinary BPA levels did not differ significantly
between the two groups. Urinary BPA was associated with
fibroid incidence, whereas plasma BPA was not.

Shen et al.
[118]

6 Case-control
study
Controls: 30
Cases: 101

AM
Control: 0.557 ±

0.086 ng/ml
Cases: 0.273 ±

0.052 ng/ml (mild)
0.336 ± 0.063 ng/
ml (moderate),
0.636 ± 0.075 ng/
ml (severe)

ELISA Serum Korea The serum BPA levels between the two groups were not notably
different.

Byun and Han
[16]

7 Case-control
study
Control:30
Cases: 128

AM
Control:0.558 ±

0.097 ng/ml
Cases: 0.274 ±

0.063 ng/ml (mild)
0.346 ± 0.064 ng/
ml (moderate)
0.647 ± 0.039 ng/
ml (severe)

ELISA Serum Korea There is no significant difference between the BPA levels of cases
and controls.

Jeong et al.
[55]

8 Case-cohort
study
754 Black
women

Median
@ Baseline: 2.8
@20 months: 2.1
@40 months; 1.8
(µg/g creatinine)

SPE-HPLC/ID-
MS

Urine USA There was a weak inverse association between BPA and fibroid
incidence and growth.

Wesselink
et al. [141]

GM (Cre), Creatinine adjusted geometric mean; LC/MS, Liquid chromatography-mass spectrometry; ELISA, Enzyme-linked immunosorbent assay; HPLC-MS/MS, High-
performance liquid chromatography-tandemmass spectrometry; AM, Arithmetic mean; ND, Non-detection; SPE-HPLC/ID-MS, Solid-phase extraction coupled to high-
performance liquid chromatography-isotope dilution mass spectrometry.
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plasma, serum, follicular fluid (FF), semen, and saliva, with urine and
plasma being the most frequently analyzed. The techniques used in these
studies for quantifying BPA include high-performance liquid chroma-
tography, liquid chromatography-mass spectrometry, gas
chromatography-mass spectrometry and enzyme-linked immunosorbent
assay. In the majority of the studies reviewed, BPA levels were higher in
patients with reproductive health diseases compared to controls, and
BPA was associated with these diseases. This review discusses diseases
and alterations of human reproductive health, highlighting the differ-
ences in reproductive health of individuals exposed to BPA and those
who are not. It also clarifies which reproductive health diseases are
significantly associated with BPA.

3.1. BPA and female reproductive health

The global incidence of reproductive health challenges among
women has been on the rise, with exposure to artificial chemicals such as
EDCs identified as a contributing factor [45]. Women are exposed to

EDCs through various environmental factors, and this exposure can
disrupt the endocrine system, leading to adverse effects on reproductive
health. BPA, a prominent EDC, is a xenoestrogen, meaning it can mimic
the properties of the estrogen hormone. BPA can activate alpha and beta
ERs, functioning as both an estrogen mimic and an agonist of these re-
ceptors [115]. This disruption in hormonal balance can result in several
reproductive health disorders in females. EDC exposure, including BPA
exposure, has been associated with decreased female fertility and a
range of ovarian and uterine disorders, such as PCOS, endometriosis,
and fibroids [133], as described in Fig. 2.

3.1.1. BPA and fibroids
Fibroids are non-cancerous tumors that develop in the smooth

muscle tissue of the uterus [16]. Although a lot of reproductive-aged
women develop fibroids, only a subset experience symptoms. Fibroids
are typically characterized by pain, heavy menstrual bleeding, sub-
fertility and complications during pregnancy [118]. Notably, Black
women are more likely to develop fibroids compared to women of other

Table 2
BPA and endometriosis.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

1 Case-control
study
Cases: 50
Control: 50

AM
Cases: 5.53 ±

3.46 ng/ml
Controls: 1.42 ±

1.56 ng/ml

HPLC Urine Iran Urinary BPA concentrations were positively associated with
endometriosis. BPA concentrations of cases were significantly
higher than controls.

Rashidi et al.
[111]

2 Case-control
study
Cases: 143
Controls: 287

Median
Cases: 1.02 µg/l
Control: 0.86 µg/l

HPLC/MS Urine USA BPA levels were significantly positively associated with non-
ovarian pelvic endometriosis.

Upson et al.
[132]

3 Cross-sectional
study
Cases: 160
Controls: 540

GM(Cre)
Cases: 3.07 µg/g
Controls: 2.21 µg/
g

HPLC-MS/MS Urine Not
stated

A positive relationship between BPA and endometriosis was
observed, with levels in the cases being significantly higher than
those in the controls

Lee and Eata
[70]

4 Case-control
study
Cases: 35
Control: 89

GM
Cases: 5.5 ng/ml
Controls: 3.0 ng/
ml

UHPLC-MS/MS Urine Spain A strong positive correlation was observed between urinary BPA
concentrations and endometriosis

Peinado et al.
[105]

5 Matched cohort
study
Operative
Cohort: 495

GM
Operative Cohort
Cases: 1.45 ng/ml
Controls: 1.66 ng/
ml

HPLC-MS Urine USA No relationship between BPA and endometriosis. In the
population cohort, BPA concentrations were higher in cases,
compared to controls.

Buck Louis et al.
[15]

Population
Cohort: 131

Population Cohort
Cases: 4.19 ng/ml
Controls: 1.65 ng/
ml

6 Case-control
study
Cases: 120
Control: 100

Median Cases:
1.55 ng/ml
Controls: 1.30 ng/
ml

HPLC-MS Urine China BPA was positively associated with peritoneal endometriosis,
although BPA concentrations did not differ significantly between
the two groups.

Wen et al. [140]

7 Case-control
study
Cases: 68
Controls:60

AM ± SD
Cases: 5.31 ±

3.36 pg/µl
Control: 1.64 ±

0.49 pg/µl

GC-MS/MS Urine Italy Urinary BPA levels of the endometriotic women were higher than
controls, and BPA was significantly associated with
endometriosis.

Simonelli et al.
[122]

8 Case-control
study
Cases: 58
Control: 11

AM ± SD
Cases: 2.91 ±

1.74 ng/ml
Range: 0.79 –
7.12 ng/ml

HPLC Serum Italy BPA was not detected in the serum of any healthy woman. In
contrast, it was found in 63.8 % of patients with endometriosis,
suggesting a relationship between endometriosis and BPA levels

Cobellis et al.
[25]

9 Case-control
study
Cases: 30
Controls: 22

AM
Cases: 9.78 µg g− 1

Control:
8.80 µg g− 1

GC-MS Urine Brazil There was no relationship between urinary BPA concentration
and endometriosis.

Moreira
Fernandez et al.
[95]

10 Cross-sectional
study
140 women

Median: 1.6 μg/l HPLC-MS Urine Japan No significant association was found between urinary BPA levels
and endometriosis.

Itoh et al. [54]

AM, Arithmetic mean; HPLC, High performance liquid chromatography; GC-MS, Gas chromatography mass spectrometry; HPLC-MS, High performance liquid
chromatography mass spectrometry; UHPLC-MS/MS, Ultra-high-performance liquid chromatography with tandem mass spectrometry detection; SD, Standard devi-
ation; HPLC-MS/MS, High performance liquid chromatography tandem mass spectrometry.
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racial backgrounds [11]. Fibroid growth is dependent on estrogen
exposure; while early menarche increases the development of fibroids,
reduction in estrogen levels during menopause decreases the growth of
fibroids. This suggests that estrogen-like activity may contribute to
leiomyoma growth [42]. Many women of reproductive age are exposed
to a lot of EDCs, including BPA, which are implicated in fibroid devel-
opment [11]. At low concentrations, BPA can increase fibroid cell pro-
liferation by facilitating the transition of the cells from the G0-G1 to the
S phase of the cell cycle. It can also upregulate expression of the ERα36
gene, thereby increasing the growth factor receptor bound (Grb2) and
son of sevenless homolog 1 (SOS1) protein expression, which are key
drivers of the MAPKp44/42/ERK1/2 signaling pathway [145].

Among the articles reviewed, eight focused on fibroids, revealing a
correlation between BPA exposure and fibroids (Table 1). The findings
across the studies varied, but most studies reported higher urinary,
serum, and plasma BPA concentrations amongst women with fibroids
compared to controls. Three studies compared the serum concentrations

of BPA in fibroid patients and non-fibroid controls, finding no significant
difference in serum BPA levels. However, patients with larger and more
severe fibroids had higher BPA levels [16,42,55]. In a prospective study
on reproductive-aged black women, a weak inverse association was
observed between urinary BPA concentrations and the incidence and
growth of fibroids [141]. In three other studies, urinary BPA mean
concentrations and distribution range in the fibroid patients signifi-
cantly differed from the controls. Although they didn’t record a signif-
icant association between BPA exposure and fibroids, they suggested
that BPA concentrations may be involved in the growth of fibroids [107,
120,151]. In a case-control study involving 300 fibroid patients, no
significant differences were observed between the BPA levels of cases
and controls. However, the incidence of fibroids was associated with
urinary BPA but not plasma BPA in the women. The discrepancy may be
due to the collection of plasma and urine samples at different time
points, leading to fluctuations in metabolic status in the women [118].
Finally, in a case-control study on Chinese women by Shen and

Table 3
BPA and polycystic ovarian syndrome.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Ref.

1 Cross-sectional
study
268 infertile women

Median: 2.35 ng/ml HPLC-MS/MS Urine China High urinary BPA levels led to a decrease in ovarian
reserve, aiding infertility.

Zhou et al.
[150]

2 Case-control study
Cases: 60
Controls: 30

AM ± SE
Cases: 167.04 ± 9.44
IU/ml
Control: 31.94 ± 3.57
IU/ml

ELISA Serum Iraq Serum BPA concentrations of both groups were
significantly different.

Shaheed et al.
[41]

3 Cross-sectional
study
Cases: 60
Controls: 60

Mean ± SD
Cases: 3439.05 ±

2118.25 μg/ml
Controls: 813.84 ±

584.78 μg/ml

HPLC Urine Egypt BPA levels of cases were significantly higher than
controls.

Fathy et al.
[34]

4 Cross-sectional
study
Cases: 71
Controls:100

AM
Cases: 1.05 ± 0.56 ng/
ml
Controls: 0.72 ±

0.37 ng/ml

ELISA Serum Not
stated

BPA concentrations in the cases were higher than those
of the controls.

Kandaraki et al.
[59]

5 Cross-sectional
study
Cases: 80
Control: 80

Controls: Median:
5.63 ng/ml
Range:
1.84–30.45 ng/ml
Cases: Median:
24.49 ng/ml
Range: 2.18–34.95 ng/
ml

Not Stated Urine Egypt Urinary BPA levels of cases and controls significantly
differed.

Elkafrawy et al.
[33]

6 Case-control study
Cases: 51
Controls:51

AM ± SD
Cases: 3.34±2.63 ng/
ml
Controls: 1.43
±1.57 ng/ml

HPLC Urine Iran BPA concentrations in the urine of women with PCOS
were significantly higher than in the control group.

Rashidi et al.
[111]

AM, Arithmetic mean; SE, Standard Error; ELISA, Enzyme linked immunosorbent assay; HPLC, High performance liquid chromatography; SD, Standard deviation;
PCOS, Polycystic ovarian syndrome; HPLC/MS, High performance liquid chromatography mass spectrometry.

Table 4
BPA and primary ovarian insufficiency.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Ref.

1 Case-control study
Cases: 159
Controls:186

AM
Cases: 1.373 μg/l
Controls:1.343 μg/l

UHPLC-MS/MS Urine China Cases and controls urinary BPA concentrations were
not significantly different.

Li et al.
[72]

2 Cross-sectional and case-
control study
Cases: 30
Controls: 30

Cases:
Median: 3.0 Range:
0.00–5.97 ng/ml
Controls:
Median:1.95 Range:
0.00–6.48 ng/ml

LC-MS/MS Serum Turkey The levels of serum BPA concentrations between
both groups were not significantly different.

Özel et al.
[100]

UHPLC-MS/MS, Ultrahigh performance liquid chromatography tandem mass spectrometry; LC-MS/MS, Liquid chromatography tandem mass spectrometry.
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Table 5
BPA and female infertility.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

1 Prospective cohort study
174 females

GM (SD)
1.50 (2.22) μg/l

HPLC-MS Urine USA BPA levels were negatively associated with
measures of ovarian response.

Ehrlich et al.
[31]

2 Prospective study
301 married couples
seeking ART treatment.

AM
Blood: 1.29 ng/ml
FF: 0.49 ng/ml

GC-MS FF Russia Patients undergoing ART who had a higher level
of BPA in FF than in their blood had a decrease in
the number and quality of oocytes.

Syrkasheva
et al. [128]

3 Comparative analytical
study
Cases: 48 sub-fertile
women
Controls: Not stated

Percentage BPA
Cases: 70.8 %
Controls: 30.7 %

HPLC Serum Pakistan Serum BPA concentrations between cases and
controls were significantly different.

Li et al. [72]

4 Case-control study
Cases: 111
Controls: 44

Range
Cases: 0.5–133.5 ng/ml
Control: 0.5–60.9 ng/ml

HPLC-ESI-MS Serum Italy The number of women with detectable BPA
levels was significantly higher in cases than
controls.

Caserta et al.
[20]

5 Case-control study
Cases:34
Controls: 45

AM
Cases: 4.66 ng/ml
Control: 2.64 ng/ml

GC-MS Plasma India BPA concentrations of cases were higher than
controls, suggesting a role of BPA in infertility.

Pednekar et al.
[104]

6 Case-control study
Cases: 110
Controls: 43

Median
Cases: 14.9 ng/ml
Controls: 0.5 ng/ml

HPLC-ESI-MS Serum Italy There were significantly higher levels of serum
BPA in infertile women than in fertile women.

Rocca et al.
[113]

7 Case-control study
Cases: 48
Control: 13

Percentage of patients
with BPA
Infertile patients:
72.9 %
Fertile Patients: 23.1 %

HPLC-MS Serum Italy The number of patients with observable serum
BPA concentrations significantly differed
between the case and control groups.

Caserta et al.
[19]

8 Epidemiological study
111 women

GM: 4.32 μg/L UHPLC-MS/MS Urine China There was a relationship between urinary BPA
and DOR.

Zhang et al.
[149]

9 Prospective cohort study
256 women

Specific gravity-
adjusted GM: 1.87 μg/l

HPLC-MS/MS Urine USA There were no associations between high BPA
and outcomes of IVF.

Minguez-
Alarcon et al.
[90]

10 Cross-sectional study
511 infertile women

AM ± SD
2.25 ± 4.77 ng/ml

GC-MS Urine Poland There was a relationship between urinary BPA
exposure and ovarian reserve reduction.

Czubacka et al.
[29]

11 Prospective cohort study
420 women

GM: 1.14 ng/ml ID-MS/MS Urine USA There were no associations between BPA and IVF
outcomes.

Mínguez-
alarcon et al.
[91]

12 Cross-sectional study
111 patients who had
recurrent spontaneous
abortion

Mean: 0.95 ng/ml
Range: 0.48–1.87 ng/
ml.

UHPLC-MS/MS Urine China There was a potential association between BPA
and the occurrence of oxidative stress and
imbalance of the immune system in patients with
URSA.

Liang et al.
[74]

13 Cross-sectional study
44 women

Mean: 7.22 ng/ml
Range: 0.3–67.36 ng/ml

HPLC Serum USA Serum BPA was associated with a reduction in E2
response to gonadotropin stimulation during the
process of IVF.

Bloom et al.
[14]

14 Prospective cohort study
146 couples

AM urinary BPA:
3.7 ng/ml
GM female plasma BPA:
0.049 ng/ml
GM male plasma:
0.040 ng/ml
GM FF: 0.033 ng/ml
GM semen; 0.025 ng/ml

LC-MS Urine,
Plasma, FF,
Semen

Korea The levels of BPA in various body fluids (urine,
plasma, FF, and semen) did not have a significant
impact on fertility outcomes.

Kim et al. [64]

15 Cross-sectional study
351 infertile women

Median concentration
0.38 μg/l

SPE-LC-MS/MS Urine China Urinary BPA exposure decreased the success
rates of retrieving oocytes and implanting
embryos in IVF women.

Shen et al.
[119]

16 Cross-sectional
epidemiological study
186 women

AM(Cre) ± SD
Women in commerce:
1.10 ± 0.48 µg/g Cre.
Women in non-
commerce industries
(0.45 ± 0.35 µg/g Cre.
Median BPA
concentration: 0.44 µg/
g Cre

HPLC-MS Urine Italy Women occupationally exposed to BPA had
urinary BPA concentrations twice the levels of
those unexposed, signifying that BPA played
roles in diminishing reproductive health,
particularly in women with RPL and unexplained
infertility.

Caporossi et al.
[18]

17 Cross-sectional study
307 women

Arithmetic Mean
DOR group: 1.89 ±

2.17 μg/g
non-DOR group: 1.58 ±

1.08 μg/g

HPLC-MS/MS Urine Korea The BPA concentrations in women with DOR
were higher than in the non-DOR group,
suggesting that DOR and infertility are associated
with BPA.
.

Park et al.
[103]

18 Cross-sectional study
Exposed workers: 106
Unexposed workers: 250

GM
Cases: 22.2 μg/g Cre
Controls: 0.9 μg/g Cre

HPLC Urine China Elevated BPA levels and E2 were positively
correlated in the exposed workers.

Miao et al.
[85]

19 Cross-sectional study
143 reproductive-aged
women

Median: 2.8 ng/ml HPLC-MS Urine USA In reproductive-aged women, BPA was positively
associated with E2 and P4.

Pollack et al.
[108]

GM (SD), Geometric mean (Standard deviation); ART, Assisted reproductive technologies; FF, Follicular fluid; HPLC-ESI-MS, High-performance liquid chromatography
with electrospray ionization tandem mass spectrometry; IVF, In vitro fertilization; UHPLC-MS/MS, Ultra high-performance liquid chromatography-tandem mass
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colleagues, it was observed that plasma BPA was not associated with the
occurrence of fibroids. However, plasma BPA concentrations between
cases and controls significantly differed [120].

The studies reviewed have presented varying views on the relation-
ship between BPA and fibroids, therefore future prospective studies
should be carried out to clarify the associations between BPA and fibroid

tumorigenesis. However, since fibroids show increased expression of
estrogen receptors (ERs), making them more sensitive to estrogen
stimulation, they may be particularly vulnerable to endocrine disruption
by xenoestrogens like BPA and susceptible to the agonistic effects of BPA
on ERs, therefore signifying their role in driving fibroid progression
[55]. Although causality is not yet established, most women with

spectrometry; URSA, Unexplained recurrent spontaneous abortion; RPL, Recurrent pregnancy loss; DOR, Diminished ovarian reserve; ID-MS/MS, Isotope-dilution
tandem mass spectrometry; AM, Arithmetic mean; GC-MS, Gas chromatography-mass spectrometry; LC-MS, Liquid chromatography-mass spectrometry; SPE-LC-MS/
MS, Solid phase extraction liquid chromatography-tandem mass spectrometry; HPLC, High-performance liquid chromatography; Cre, Creatinine.

Table 6
Prenatal exposure effects of BPA.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

1 Longitudinal cohort study
528 mother-child pairs

Median:
1.48 μg/g

UHPLC-MS/MS Urine China BPA exposure in pregnancy resulted in changes in
kisspeptin levels in pregnant women & their
offspring.

Wang et al. [137]

2 Cross-sectional study
244 mother-child pairs

GM Maternal
BPA
1.62 ng/ml

UHPLC Urine China An inverse association between shorter penis
length and prenatal exposure to BPA was observed.

Huang et al. [53]

3 Prospective preconception
cohort study.
346 women and men

GM-SGA
Paternal
preconception:
1.6 ng/ml
Maternal
preconception:
1.5 ng/ml
Maternal
prenatal BPA:
1.2 ng/ml

SPE-HPLC Urine USA There was a negative association between the BPA
urinary concentrations in the mothers before
conception and the weight and head circumference
of their infants at birth.

Mustieles et al.
[97]

4 Cross-sectional study
77 women (Guiyu -BPA
exposed town)
60 women (Haojiang -BPA
non-exposed town)

GM
Guiyu: 2.72 ng/
ml
Haojiang:
0.62 ng/ml

GC-MS Urine China Elevated levels of BPA in pregnant women in Guiyu
were associated with distorted cord testosterone to
E2 levels in male infants. However, no significant
association was observed with AGD.

Liu et al. [77]

5 Prospective longitudinal
birth cohort study
101 pregnant women

Range
0.3–21.0 ng/ml

LC-MS Serum Denmark There was a correlation between high prenatal
serum BPA levels in pregnant women and a
decrease in Leydig cell function in their male
children.

Holmboe et al.
[46]

6 Observational study
913 men whose mothers
were exposed to BPA

Median
0.25 μg/l

HPLC Serum Australia There were no adverse effects of maternal serum
BPA on testicular function in adulthood, but there
was a weak positive relationship between BPA and
some testicular function parameters (sperm
concentration and sperm motility).

Hart et al. [44]

7 Prospective cohort study
1059 mother-child pairs

Median
1.66 ng/ml

HPLC-ESI-MS/
MS

Urine Netherlands High maternal gestational BPA levels were
associated with altered reproductive development
in their children, particularly in boys.

Blaauwendraad
et al. [13]

8 Prospective birth cohort
study
514 pregnant women

GM
0.051 ng/ml.

ID- LC-MS/MS Cord
blood

Japan Fetal cord blood BPA levels were associated with
alterations in the levels of certain reproductive
hormones of the children in a sex-specific manner.

Minatoya et al.
[89]

9 Longitudinal cohort study
120 pregnant women

GM
Overall prenatal
exposure: 0.97
μg/l

ID-LC-MS/MS Urine Mexico The development of the female reproductive
system may be susceptible to the impact of
exposure to BPA during in-utero development.

Watkins et al.
[138]

10 Prospective cohort study
384 mothers and 211
fathers (203 couples)
seeking infertility
treatment

GM
Mothers with
partner:
1.12 ng/ml
Mother without
partner:
1.06 ng/ml

HPLC-ID-MS/
MS

Urine USA The occurrence of preterm birth had a positive
association with pre-conception urinary BPA.

Zhang et al. [148]

11 Cohort study
385 pregnant women

SGA Mean
± SD
1.8 ±

2.5 μg/l

HPLC/MS Urine USA BPA exposure during the first trimester led to
alterations in the hormonal environment of female
fetuses had an association with a shorter AGD in the
girls.

Barrett et al. [12]

12 Longitudinal cohort study
982 women

Median
1.26 μg/g

HPLC Urine China Maternal urinary BPA was associated with a
shortened AGDap and AGDas in males at 12 months
of age but not in girls. This indicates that BPA
exposure has a gender-specific impact on the
development of offspring

Sun et al. [127]

GM-SGA, Specific gravity adjusted geometric mean; SPE-HPLC, Solid phase extraction-high performance liquid chromatography; AGD, Anogenital distance; AGDap,
Anogenital distance (Anus-penis); AGDas, Anogenital distance (Anus-scrotum); GM, Geometric mean; UHPLC-MS/MS, Ultra high-performance liquid chromatography
tandem mass spectrometry; UHPLC, Ultra high-performance liquid chromatography; LC-MS, Liquid chromatography-mass spectrometry; HPLC, High-performance
liquid chromatography; ID-LC-MS/MS, Isotope dilution liquid chromatography-tandem mass spectrometry; GC-MS, Gas chromatography- mass spectrometry.
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Table 7
BPA and male reproductive health.

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

1 Case-control study
Cases: 155 Infertile men
Controls: 211 fertile men.

AM
Cases: 0.47 µg/g
creatinine
Control: 0.69 µg/g
creatinine

HPLC-MS Urine Italy No significant difference between the urinary
levels of BPA in cases and controls.

Caporossi et al.
[17]

2 Cross-sectional study
375 husbands of pregnant
women (fertile men)

GM: 1.5 µg/l HPLC Urine USA No significant associations between semen
parameters and BPA levels.

Mendiola et al.
[84]

3 Prospective cohort study
149 couples

GM: 1.55 ng/l GC-MS Urine Slovenia There was an inverse association between the
quality of semen of male partners in subfertile
couples and urinary BPA levels.

Knez et al. [66]

4 Occupational cohort study
Cases: 72 exposed workers
Controls: 86 non-exposed
workers.

GM-Cre
Cases: 158.41 μg/g
Cr
Controls: 0.84 μg/g
Cr

HPLC Urine China Occupational exposure to BPA was
positively related to hydroxymethylation
of sperm LINE-1 in human semen samples.
BPA concentrations were significantly
higher in cases than controls.

Tian et al. [130]

5 Case-control study
Cases: 877 idiopathic
infertile men
Controls: 713 fertile men

GM
Control: 0.621 ng/
ml
Cases: 0.612 ng/ml

UHPLC-MS/MS Urine China Urinary BPA and male infertility were not
associated.

Chen et al. [21]

6 Case-control study
Cases: 281 BPA exposed
male workers
Controls: 278 BPA non-
exposed male workers

Median
Cases: 18.75 ng/ml
Controls: 3.37 ng/
ml

GC-MS Serum China There was a relationship between occupational
exposure to BPA and imbalances in male sex
hormone levels. BPA concentrations were
higher in cases than controls.

Zhuang et al.
[152]

7 Cross-sectional study
158 healthy university
students (18–23 years)

Median (Cre)
2.05 μg/g

UHPLC Urine Spain Urinary BPA levels and SDF index among all
the men were not associated. However, among
the subset of males with a relatively high SDF
index, there was a positive association.

Adoamnei et al.
[2]

8 Cross-sectional study
191 men attending a
fertility clinic
Normospermic men: 89
Oligospermic men: 59
Teratospermic men:25
Azoospermic men: 18

Mean
Plasma BPA:
0.019–0.072 ng/ml
Seminal BPA:
0.075–0.153 ng/ml

LC-MS Plasma,
Semen

Germany The presence of BPA in semen was associated
with a decrease in sperm concentration and
sperm quality.

Vitku et al.
[134]

9 Cross-sectional study
462 men attending an
infertility clinic

Median (Cre)
2.19 μg/g

LC-MS Urine China Urinary BPA and reproductive hormones had a
weak association.

Zeng et al.
[147]

10 Cross-sectional study
172 peripubertal boys

GM
5.1 μg/l

LC-MS Urine Spain Urinary BPA was negatively and significantly
associated with serum cortisol concentrations
in peripubertal boys.

Mustieles et al.
[96]

11 Cross-sectional study
44 small-scale farmers
(rural area)
37 townsmen (urban area)

Mean ± SD (Cre)
2.18 ± 1.97 μg/gCr

Radioimmunoassay Urine Cameroon Associations between high urinary BPA and
reduced levels of free testosterone in the men
occupationally exposed to BPA were observed.

Tsague et al.
[131]

12 Prospective study
Cases: 100 infertile men
Controls: 50 fertile men

Mean
Cases: 10.07 ng/ml
Control: 1.69 ng/ml

HPLC Urine Egypt Urinary BPA levels in the cases significantly
differed from controls.

Shokry et al.
[121]

13 Case-control study
Cases: 90 (men with
different degrees of
infertility)
Control: 84
(normospermic men)

Range
Plasma BPA:
33–137 pg/ml
Seminal BPA:
66–179 pg/ml

LC-MS Plasma,
Semen

Germany A negative relationship between seminal BPA,
sperm concentration, and total sperm count
was observed, with BPA concentrations in
cases and controls significantly differing.

Vitku et al.
[135]

14 Cross-sectional
223 factory workers

AM
Petrochemical
factory workers:
0.457 ng/ml
Non-petrochemical
workers: 0.628 ng/
ml

HPLC-MS Serum Korea The serum BADGE concentrations were high,
which led to hormonal alterations in the cases.

Kim et al. [65]

15 Cross-sectional study
18 males who received
two composite
restorations.

Mean
Serum: 1.42 ±

0.31 ng/ml
Saliva: 0.29 ±

0.19 ng/ml

HPLC Serum Turkey BPA exposure did not alter hormone levels in
the participants.

Gul, Celik and
Betul [40]

16 Case-control study
Cases: 70 infertile men
Controls: 83 fertile men

Mean
Plasma
Cases: 9.3 ng/ml
Control: 5.7 ng/ml
Semen

HPLC-ESI-MS Plasma,
Semen

Italy An upregulation of all NRs, except PPARγ, and
higher BPA levels were observed in cases
compared to the controls.

Rocca et al.
[114]

(continued on next page)
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Table 7 (continued )

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

Cases: 1.1 ng/ml
Control: 1.1 ng/ml

17 Cross-sectional study
Cases: 165 BPA exposed
men
Controls: 427 non-exposed

Median
Cases: 685.9 μg/gCr
Controls: 4.2 μg/gCr

HPLC Urine China An increase in urinary BPA levels was related
to alterations in reproductive hormones and
may contribute to male infertility.

Liu et al. [76]

18 Case-control study
163 men
Cases were male partners
of couples with reduced
semen quality.
Controls were either male
partners of couples with
female causes of infertility
or sperm donors.

Mean
Control 1.5 μg/l
Cases: 1.7 μg/l

GC-MS Urine Belgium BPA was negatively associated with
testosterone levels and increased subfertility in
men.

Hond et al. [47]

19 Case-control study
Cases: 77 BPA-exposed
men
Control: 72 non-BPA
exposed men

Mean (Cre)
Cases: 36.23 μg/g Cr
Controls:
1.38 μg/gCr

HPLC Urine China There was a significant decrease in the
methylation level of sperm LINE-1 in cases
compared to controls. BPA concentrations of
cases were higher than controls

Miao et al. [86]

20 Cross-sectional study
357 subfertile obese men

GM
0.52 ng/ml

UHPLC-MS/MS Urine China BPA concentration was significantly correlated
with sperm count in obese men.

Hu et al. [52]

21 Prospective study
936 men in couples
seeking infertility
treatment at a fertility
clinic

Median
1.12 ng/ml

ID-MS/MS Urine USA Sperm concentration, total count, total
motility, and per cent morphologically normal
sperm decreased significantly, as urinary BPA
concentration decreased in men over the study
period.

Mínguez-
alarcón et al.
[92]

22 Case-control study
Cases: 190 subfertile men
Controls: 540 fertile men

GM
Cases: 1.4 ng/ml
Controls: 2.3 ng/ml

MS Urine USA BPA levels in cases were lower than those of
controls, but there may be associations of BPA
with reduced semen quality and increased
sperm DNA damage

Meeker et al.
[83]

23 Cross-sectional, case-
control and clinical study
Cases: 55 men with
infertility
Controls: 25 fertile men

Median
Cases: 0.19 ng/ml
Controls: 0.18 ng/
ml

ELISA Serum Greece There was no difference in BPA concentrations
between cases and control and no association
between BPA and infertility, but very high
levels of serum BPA were observed in infertile
men, suggesting an influence of BPA in
infertility.

Mantzouki et al.
[80]

24 Prospective study
Cases:98 boys with
cryptorchidism
Controls: 57 boys of the
same age, without
pathology of the testes

AM
Cases: 5.3 ng/ml
Control: 5.7 ng/ml

GC-MS Serum Poland In boys with cryptorchidism, BPA levels were
higher than controls, and BPA was associated
with cryptorchidism.

Komarowska
et al. [67]

25 Case-control study
Cases: 66 Infertile men
Control: 50 fertile men

Not specifically
stated

UHPLC Seminal
Fluid

Poland The levels of BPA in the seminal fluid were
elevated in cases when compared to the
controls. Additionally, there was a negative
relationship between the levels of BPA and the
quality of sperm.

Palak et al.
[101]

26 Cross-sectional study
215 healthy students

Median
2.8 ng/ml

UHPLC-MS/MS Urine Spain Reduced leydig cell capacity and sperm count
in young men was associated with BPA
exposure.

Adoamnei et al.
[3]

27 Prospective cohort study
501 male partners of
couples who discontinued
contraception to become
pregnant

GM
0.55 ng/ml

HPLC-ESI-MS/MS Urine USA There was a negative relationship between
urinary BPA and DNA fragmentation

Goldstone et al.
[38]

28 Cross-sectional study
315 men attending an
infertility clinic

Median 1.87 µg/l GC-MS/MS Urine Poland Urinary BPA was associated with lesser semen
quality

Radwan et al.
[110]

29 Cross-sectional study
308 young men

Median 3.25 ng/ml ID-LCMS/MS Urine Denmark Urinary BPA was linked to increased levels of
reproductive hormones and a decreased
amount of progressively motile sperm.

Lassen et al.
[69]

30 Longitudinal birth and
infancy cohort study
36 boys

Osmolality
corrected AM
0.45 ng/ml

LC-MS/MS Urine Not stated Urinary BPA was linked to changes in
reproductive hormone levels in infant boys

Lærkeholm
Müller et al.
[68]

31 Case-control study
Cases: 65 men with FLG
loss of function mutation
Control: 130 men without
FLG loss of function
mutation.

Median
3.5 ng/ml

LC-MS Urine Denmark Among the men with FLG mutation, it was
observed that BPA was associated with higher
serum testosterone and E2 levels and a lower
percentage of progressive motile spermatozoa
as opposed to those without the mutation.

Nordström et al.
[98]

32 Cohort study
Cases: 130 men with BPA
exposure in the workplace

Median (Cre)
Exposed workers:
38.7 µg/gCr

HPLC Urine China Increasing urinary BPA level was significantly
associated with decreased sperm
concentration, total sperm count, sperm
vitality, and sperm motility.

Li et al. [73]

(continued on next page)
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fibroids had higher BPA levels than the control group, providing further
evidence of BPA’s influence in the pathogenesis of fibroids.

3.1.2. BPA and endometriosis
Endometriosis is a condition characterized by the inflammation of

the uterus, and it presents as the implanting and development of
endometrial tissue outside the uterus [124]. It is one of the most prev-
alent female reproductive health diseases, affecting approximately
10–15 % of women of reproductive age [102]. In vivo and in vitro studies
have identified significant associations between endometriosis and BPA
levels [4,57,62]. The accumulation of stromal and periglandular
collagen, coupled with the development of endometrial gland nests, has

been increased by exposure to low doses of BPA [62]. BPA also disrupts
the normal physiology of the human endometrium by interfering with
the cell cycle and upregulating the expression of proteins associated
with the endometriotic phenotype, thereby promoting the progression
of endometriosis [36]. Peroxisome proliferator-activated receptor
gamma (PPARγ) is expressed in the endometrium and the ovarian tissue,
where it plays a role in regulating folliculogenesis by modulating the
activity of proteases involved in the remodeling of tissue and angio-
genesis, which are essential processes in the progression of endometri-
osis [19]. BPA can dysregulate PPARγ expression, favoring the
endometriotic phenotype.

We reviewed ten articles on endometriosis, and they demonstrated

Table 7 (continued )

S/
N

Study type/no of
participants

Levels Quantification
method

Matrix Country Findings Refs.

Controls: 88 men without
BPA in the workplace

Unexposed workers:
1.4 µg/gCr

33 Case-control study
Cases: 50 infertile men
attending a fertility clinic
Control:50 fertile men

Median Cases:
24.2 μg/l
Control: 20.9 μg/l

HPLC Urine Egypt Total urinary BPA levels was negatively
correlated with antioxidant levels and semen
quality, while being positively associated with
DNA damage. BPA concentrations were higher
in cases than controls.

Omran et al.
[99]

34 Cross-sectional study
167 subfertile men

Median
1.3 ng/ml

HPLC-MS/MS Urine USA Urinary BPA was associated with altered
hormone levels in men.

Meeker and
Antonia M.
Calafat [28]

AM, Arithmetic mean; GM, Geometric mean; SD, Standard deviation; LINE 1, Long interspersed nuclear element; SDF, Sperm DNA fragmentation; BADGE, Bisphenol-A
diglycidyl ether; ID-MS/MS, Isotope dilution tandem mass spectrometry; FLG, Filaggrin gene; NRs, Nuclear receptors; PPAR, Peroxisome proliferator-activated re-
ceptor γ; UHPLC-MS/MS, Ultra high-performance liquid chromatography tandemmass spectrometry; UHPLC, Ultra high performance liquid chromatography; GC-MS,
Gas chromatography-mass spectrometry; LC-MS/MS, Liquid chromatography tandemmass spectrometry; HPLC, High performance liquid chromatography; ID-LC-MS/
MS, Isotope dilution liquid chromatography tandem mass spectrometry; HPLC-MS, High-performance liquid chromatography-mass spectrometry; MS, Mass spec-
trometry; ELISA, Enzyme-linked immunosorbent assay; GC-MS/MS, Gas chromatography tandem mass spectrometry; HPLC-ESI-MS/MS, High-performance liquid
chromatography-electrospray ionization tandem mass spectrometry.

Fig. 2. Routes of exposure to BPA and the accompanying effect on human reproductive health.
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significant associations between endometriosis and BPA exposure
(Table 2). In 4 studies, urinary BPA concentrations were positively
associated with endometriosis [70,105,112,122] and could significantly
increase the risk of developing the condition [70]. Peinado et al. noted
that urinary concentrations of BPA were significantly linked to a greater
risk of endometriosis only after adjusting for variables such as urinary
creatinine levels, age, BMI, parity, and residency [105]. Only one study
suggested an association between serum BPA and endometriosis, as BPA
was detected only in women with endometriosis and not in healthy
controls [25]. Most studies measured BPA in the urine due to its
short-lived nature in plasma or serum, as BPA is quickly metabolized and
excreted through urine [136]. Overall, these studies found higher BPA
levels in cases compared to controls [70,112,122].

One of the risk factors for endometriosis includes alterations in
Matrix metalloproteinases (MMP) 2 and MMP9 levels in the endometrial
tissue [146,26]. MMP2 and MMP9 are vital enzymes that facilitate cell
invasion by degrading type IV collagen, the main component of the
basement membrane. In a case-control study on 173 Chinese women,
creatinine-adjusted urinary BPA was positively associated with perito-
neal endometriosis, potentially due to the ability of BPA to upregulate
MMP2 and MMP9 expression via the GPER-mediated MAPK/ERK
signaling pathway, which could trigger an invasion of human endome-
trial stromal cells [140].

Nevertheless, no clear relationship between BPA and endometriosis
was observed in some studies. For example, a case-control study by
Upson et al., measured urinary BPA in relation to endometriosis disease
subtypes (surgically visualized ovarian and non-ovarian pelvic endo-
metriosis), found no relationship between BPA and overall endometri-
osis. However, total urinary BPA concentrations and non-ovarian pelvic
endometriosis were significantly positively associated, suggesting a
subset of endometriotic patients were more susceptible to BPA exposure
[132]. Furthermore, the presence of undiagnosed endometriosis among
the population-based controls might have caused the absence of an as-
sociation between BPA and overall endometriosis. In another
case-control study on Brazilian women, no association was found be-
tween BPA and endometriosis, possibly due to the time gap between BPA
exposure and disease manifestation, which could limit the ability to
establish an association [95]. Similarly, a matched-cohort study in
Californian women and a cross-sectional study on infertile Japanese
women found no association between endometriosis and BPA [15,54].
The studies’ authors noted that using urine to measure BPA might limit
the accuracy of exposure assessment, as urine reflects recent rather than
cumulative exposure. The cross-sectional study design may have also
contributed to the absence of association.

The reviewed studies indicated that BPA may induce the pathogenic
mechanisms that drive endometriosis, as BPA was associated with the
condition in most studies. Furthermore, the role of BPA in endometriosis
was highlighted by the presence of elevated BPA levels in women with
endometriosis compared to the controls. These deleterious effects of BPA
were linked to its influence on facilitating cell invasion, leading to the
degradation of the basement membrane in the endometrium, which
favors the condition. Additionally, BPA was associated with the upre-
gulation of several proteins (MMP2, MMP9, and PPARγ) involved in
endometrial tissue remodeling, contributing to endometriosis.

3.1.3. BPA and polycystic ovarian syndrome
Polycystic ovarian syndrome (PCOS) is a common endocrine disor-

der affecting women of reproductive age, with a prevalence ranging
from 5 % to 10 % [109]. PCOS is a complex metabolic and endocrine
disorder that exhibits a variety of phenotypes. According to the Rot-
terdam criteria, a woman is diagnosed with PCOS when she meets at
least two of the three criteria, which include excessive circulating
androgen levels, the presence of cysts in the ovary, and
oligo-amenorrhea with oligo-anovulation [9]. BPA exposure can impact
the phenotype of PCOS by influencing the release of
gonadotropin-releasing hormone (GnRH), leading to increased

luteinizing hormone (LH) levels and decreased follicle-stimulating hor-
mone (FSH) secretion. This disruption affects follicle development and
enhances ovarian androgen production, resulting in hyperandrogenism,
anovulation, and ovulatory dysfunction—key drivers of PCOS [116,33].

We reviewed six articles on PCOS (Table 3), and BPA and PCOS were
positively associated significantly [34,59,111]. In five of these studies,
both serum and urinary BPA levels were notably higher in PCOS patients
compared with controls [33,34,59,111,41]. BPA has also been detected
in FF, indicating that BPA can alter oocytes during folliculogenesis. In a
study involving Egyptian infertile women sub-grouped into PCOS and
non-PCOS groups, all the infertile women had high levels of BPA;
however, the cases had significantly higher BPA levels compared to the
controls, which gave credence to the fact that BPA may be a cofactor in
the development of PCOS [33]. The study also showed that BPA expo-
sure decreased ovarian reserve and function, as evidenced by reduced
antral follicle count (AFC) and anti-müllerian hormone (AMH) levels in
PCOS women [33]. Similarly, a study of 268 infertile Chinese women
found a negative association between urinary BPA and AFC concentra-
tions [150]. BPAwas observed to disrupt the LH/FSH ratio in a sample of
60 Iraqi PCOS women, contributing to the development of PCOS [41]. In
another study of 60 Egyptian women with PCOS, urinary BPA had a
direct relationship with serum LH and an inverse relationship with
serum FSH [34]. Additionally, Kandaraki et al. found that higher BPA
levels were associated with hyperandrogenism, as PCOS women
exhibited elevated androgen levels and an altered LH/FSH ratio, with
lower levels of sex hormone binding globulin (SHBG) compared to
controls [59].

The studies reviewed revealed that BPA is associated with PCOS and
is implicated in its development. In most studies, increased levels of BPA
were seen in cases with PCOS compared to controls. These findings
collectively indicate that BPA disrupts hormonal profiles in women
thereby, leading to hyperandrogenism and other ovarian distortions,
contributing to the development of PCOS.

3.1.4. BPA and primary ovarian insufficiency
POI is an endocrine disorder affecting approximately 1 % of women

and is characterized by the loss of ovarian function before the age of 40.
It is a significant cause of infertility. Although the exact pathophysiology
of POI remains unclear, it is known to be influenced by various factors,
including environmental factors [72]. POI, also referred to as idiopathic
premature ovarian failure (POF), is diagnosed based on symptoms such
as at least four months of amenorrhea and elevated FSH levels exceeding
25 IU/L in two separate tests conducted four weeks apart [100]. Our
review of two studies on POI found no significant differences in serum
and urinary BPA levels between cases and controls (Table 4) [72,100]
and no clear association between BPA exposure and POI incidence. The
specific role that BPA plays in POI is still poorly understood. Since both
studies did not identify differences in BPA levels between POI patients
and controls, it is difficult to infer an association. Therefore, we suggest
that more prospective studies be conducted to understand the relation-
ship better and confirm any association between BPA and POI.

3.1.5. BPA and female infertility
Infertility is typically defined as the inability to achieve pregnancy

after engaging in unprotected sexual intercourse for 12 months. Infer-
tility is of two types - primary and secondary infertility. Primary infer-
tility occurs when a couple has never conceived, while secondary
infertility arises when a couple cannot conceive again after a previous
pregnancy [143]. The cause of infertility is sometimes unknown, but
most times, what causes infertility in the female reproductive system
include tubal, uterine, ovarian, and hormonal disorders. Lifestyle factors
such as smoking, excessive alcohol and exposure to environmental
toxins and pollutants can also be toxic to gametes and affect fertility
[143]. BPA negatively impacts fertility by inducing autophagy in human
granulosa cells (GCs) through the AMPK/mTOR/ULK1 signaling
pathway, disrupting ovarian function and abnormal follicle
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development [75]. BPA exposure has been linked with a higher likeli-
hood of infertility in women, and this review provided further evidence
to support EDC exposure as a factor that contributes to infertility in
women. Our review of nineteen articles on female infertility (Table 5)
found that BPA levels between fertile controls and infertile cases
significantly differed [6,19,20,104]. Since it is well known that hor-
mones are major drivers of processes that occur in the reproductive
system, BPA can disrupt the hormonal profile in reproductive-aged
women, leading to fertility issues. Studies involving infertile women in
the United States undergoing in vitro fertilization (IVF) reported that
higher BPA levels correlated with reduced peak serum E2 levels, fewer
oocytes retrieved per IVF cycle, reduced metaphase II (MII) oocyte count
and reduced number of normally fertilizing oocytes [14,31]. Addition-
ally, negative associations were found between urinary BPA levels and
blastocyst development [31], suggesting that BPA exposure may affect
the response of E2 during gonadotropin stimulation as well as lead to a
decrease in these ovarian response parameters, thereby affecting the
outcome of an IVF treatment. In contrast, two other studies on
reproductive-aged women exposed to BPA found that BPA levels were
positively associated with serum E2, prolactin (PRL) and progesterone
(P4) levels [108,85] confirming reproductive hormones in women can
be altered by increased BPA exposure. Furthermore, in the prospective
cohort study on women undergoing IVF by Shen and colleagues,
elevated urinary BPA levels had a significant inverse association with
the number of retrieved oocytes, clinical pregnancy, and implantation
[119]. Syrkasheva et al., in their study on Russian infertile patients
undergoing assisted reproductive technology (ART), measured BPA
levels in the blood and FF and found no association between BPA levels
in the blood or FF and the number of oocytes. In the study, the mean and
maximum levels of BPA in the FF were significantly lower than that of
the blood BPA. However, upon taking a closer look at the group of pa-
tients with detectable FF BPA levels, it was observed that half of the
cases had a higher level of BPA in the FF compared to blood, and in this
subgroup of patients, there was a decrease in the number of oocytes
[128].

Conversely, some studies observed no association between hormones
or IVF outcomes and BPA exposure. A study of 351 Chinese women
undergoing infertility treatment found no association between BPA, E2
levels and endometrial wall thickness [119]. Likewise, three studies
involving couples undergoing infertility treatments found no association
between BPA and IVF outcomes such as pregnancy, good quality em-
bryo, normally fertilized oocytes, number of retrieved oocytes, and peak
E2 level [64,91,90]. The authors noted that the absence of associations
may result from misclassifying BPA exposure based on spot urine sam-
ples because BPA is a short-lived chemical, and exposures are likely
episodic in nature.

Diminished ovarian reserve (DOR) is defined as a reduction in the
amount and/or quality of oocytes in the ovaries, resulting in decreased
fertility. About 10 % of women seeking infertility treatments are
affected by DOR [56]. AMH, AFC, FSH, and E2 levels are some key in-
dicators of ovarian reserve. Though the specific mechanisms by which
BPA exposure could affect ovarian reserve are not fully understood, the
disruption of ovarian hormone (GnRH, FSH, and LH) production has
been identified as one of the most significant mechanisms. BPA can
mimic the activity of E2, affect hormone secretion and alter E2 feedback
at the hypothalamus, thereby suppressing follicle development [149]. A
cross-sectional study involving reproductive-aged women found that
BPA levels in women with DOR were higher than that of non-DOR
women, suggesting that BPA exposure may be related to DOR [103].
Higher levels of urinary BPA and an increased risk of DOR were signif-
icantly associated in two other studies on reproductive-aged women.
Urinary BPA levels were inversely associated with AMH, which is an
excellent predictor of oocyte yield [149,29], as well as with AFC, an
important predictor of IVF outcomes [29]. A decrease in these ovarian
reserve parameters is linked to an increased risk of DOR and reduced
chances of fertilization [106]. However, BPA exposure and other

indicators of ovarian reserve, such as FSH and E2 levels, had no asso-
ciation [29].

BPA also influences nuclear receptors (NRs) in hormone response
pathways and steroid biosynthesis [20]. Peripheral blood mononuclear
cells (PBMCs) of several NRs, including estrogen receptor α (ERα), es-
trogen receptor β (ERβ), androgen receptor (AR), aryl hydrocarbon re-
ceptor (AhR), and pregnane X receptor (PXR), which regulate endocrine
pathways and are potential EDC targets were highly expressed in
infertile patients compared to the control group [19,20]. Furthermore,
another study that quantified BPA in women from rural, urban and
metropolitan areas observed that infertile women from the metropolitan
areas had higher BPA levels than fertile women in the same areas.
Infertile women from metropolitan regions had a 10-fold increased
expression of these NRs compared to fertile women [113]. From an
occupational exposure perspective, women employed in the commerce
sector exhibited urinary BPA levels that were more than twice that of
women employed in other industries [18], showing that it is vital to
consider the contribution of occupational exposure in BPA studies.
Finally, oxidative stress and immune imbalance have been associated
with BPA, particularly in women with unexplained recurrent sponta-
neous abortion (URSA). In a case-control study done on women with
URSA, higher BPA levels correlated with increased biomarkers of
oxidative stress, such as 8-isoprostane and 8-hydroxydeoxyguanosine
(8-OhdG), and elevated inflammatory cytokines like IFN-g. The study
revealed that the median urinary levels of BPA in women with URSA
were greater than those of controls from the same geographical area
[74].

Despite a few conflicting results, most studies reviewed showed that
BPA levels in infertile cases were higher than in fertile controls. BPA
exerted its effects by altering the concentrations of reproductive hor-
mones, such as E2, P4, PRL, AMH, and AFC, and by reducing oocyte
levels, quality, and development, leading to a diminished ovarian
reserve in women. Additionally, BPA upregulated several nuclear re-
ceptors involved in endocrine signaling and regulation, disrupting the
endocrine system. Finally, it is worth noting that occupational and
locational exposure to BPA should be well studied, as the reviewed
studies revealed that infertile women in BPA-exposed areas (metropol-
itan and BPA production industries) had higher BPA levels compared to
fertile controls from the same areas. Together, these results indicate that
BPA is strongly associated with infertility in the female reproductive
system.

3.1.6. Prenatal exposure effects of BPA
Beyond its impact on the reproductive health of pregnant women,

BPA exposure can significantly affect their offspring, leading to adverse
pregnancy outcomes and negative changes in reproductive development
[78]. BPA can easily diffuse across the placenta, and because the pla-
centa’s ability to conjugate and detoxify BPA is limited, it can exert
adverse effects on the offspring [10]. We reviewed twelve articles on the
effect of maternal exposure to BPA and its impact on the reproductive
health of their offspring (Table 6). Hormones are important in regulating
reproduction, growth, and development in humans, and BPA was
observed to influence the proper synthesis of hormones. One study
focused on kisspeptin, a peptide crucial for regulating reproductive
health, which typically increases throughout pregnancy and peaks in the
third trimester before dropping sharply after delivery [24,48]. During
pregnancy, a reduced amount of circulating kisspeptin has been asso-
ciated with an increased tendency of miscarriage, preeclampsia and
small birth weight [51], and higher kisspeptin concentrations have been
associated with the onset of puberty [27]. The study found that BPA
exposure in pregnant women was associated with lower kisspeptin
levels, while their prepubertal children had elevated kisspeptin levels,
suggesting that BPA could affect pregnancy outcomes and offspring
reproductive development [137].

In another study on female children, higher testosterone levels and
higher odds of having a Tanner Stage > 1 for breast development was
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associated with second trimester BPA exposure, indicating that BPAmay
affect reproductive development during critical periods of fetal growth
[138]. PRL is vital in regulating immune and inflammatory responses
through multiple immune signaling pathways [63]. BPA can mimic es-
trogen and trigger elevated PRL levels, leading to hyperprolactinemia
[125]. A Japanese cohort study observed sex-specific associations of
BPA with PRL levels: a weak inverse correlation in males and a weak
direct correlation in females, with BPA also showing a weak positive
relationship with testosterone, E2, and P4 concentration in boys [89].
Conversely, a cross-sectional study investigating the relationship be-
tween cord sex hormones and maternal BPA exposure found negative
correlations between BPA and cord testosterone in male infants. Also, a
disruption in the ratio of testosterone to E2 —a key indicator of prostate
health— was observed, suggesting that BPA can reduce testosterone
levels by distorting the pituitary system and inhibiting testosterone
surge in utero [77]. Two studies reported no significant relationship
between prenatal BPA exposure and offspring levels of E2, SHBG, and
Inhibin B [44,138].

In another observational study, there was a weak association of
prenatal BPA exposure with sperm motility and concentration but not
with testicular volume, hormones, or total sperm output. The authors
indicated that these findings might be due to chance and require
confirmation in larger, prospectively designed studies [44]. A prospec-
tive longitudinal birth cohort study that measured the relationship be-
tween fetal exposure to BPA and markers of testicular function in adult
men observed a reduced Leydig cell functionality in association with
elevated BPA exposure as the offsprings had higher LH levels and a
lower TT/LH ratio in adulthood [46]. Another prospective cohort study
tracking reproductive development from infancy to age 13 found
sex-specific associations: BPA exposure was linked to larger testicular
volume and earlier puberty in boys but not to ovarian volume, breast
development, or age of menarche in girls [13].

Anogenital distance (AGD) is the distance between the anus and the
genitals, and it is an essential indicator in assessing reproductive toxicity
caused by environmental toxins. Studies have shown that AGD is
influenced by fetal androgen activity during early fetal development,
implying that a shorter AGD may suggest low testosterone levels during
the period of reproductive organ development [139,50]. The relation-
ship between BPA and AGD showed conflicting results, as three studies
observed that BPA was significantly associated with shortened AGD [12,
53,127], while two other studies found that BPA was not associated with
AGD in male newborns [77,46]. In the study by Liu et al., the urine and
blood samples were collected outside the critical reproductive pro-
gramming window (approximately 8–14 weeks of gestation), when AGD
is believed to be most sensitive to environmental exposures [139], ac-
counting for the lack of association. A cross-sectional study that inves-
tigated the interactive effects of prenatal BPA and oxidative stress on
offspring reproductive development observed an inverse relationship
between prenatal BPA exposure and penis length in infants in the high
oxidative stress (8-iso-prostaglandin F2α) group but found no relation-
ship with AGD, which may be because of the relatively small sample size
in the study [53]. Finally, a preconception cohort study reported that
higher maternal BPA levels were negatively associated with infant birth
weight and head circumference [97].

From the diverse studies reviewed, it is clear that prenatal exposure
to BPA can have complex effects on offspring, particularly on their
reproductive development. The findings highlight that BPA exposure
during critical periods of fetal growth, such as the reproductive pro-
gramming window, is linked to disruptions in hormone levels, early
puberty, and potential alterations in key reproductive markers like AGD,
penis length, and testicular function. However, the results across
different studies were not consistent, with some reporting significant
associations between BPA exposure and reproductive outcomes while
others found no direct effects. This inconsistency may be attributed to
variations in study design, timing of sample collection, BPA exposure
levels, and sample size across the studies. Overall, the evidence indicates

that BPA exposure during early development and life stages predisposes
offspring to an increased risk of altered reproductive health.

3.2. BPA and male reproductive health

Infertility impacts around 37–70 million couples globally, with men
being the primary cause in 50 % of cases [17]. There is a decline in
sperm count and concentration in humans on a global scale [71], and
these changes may be attributed to the growing exposure of humans to
EDCs [84]. Infertility and alteration in sperm parameters in men of
reproductive age have been an increasing source of concern, thereby
necessitating the need to properly understand the effects of environ-
mental estrogen on male reproductive health. BPA exposure, even at low
concentrations, can disrupt cellular and hormonal mechanisms critical
for healthy sperm production, leading to impaired steroidogenesis
[117]. BPA affects male reproductive health directly by targeting and
inhibiting the proliferation of Leydig cells and disrupting normal ste-
roidogenesis. This disruption occurs through the promotion of testos-
terone and 17-hydroxy-pregnenolone synthesis from cholesterol, and an
increase in CYP19A1 expression, which converts testosterone into E2,
leading to elevated E2 levels. Additionally, BPA reduces the expression
of the enzyme 17α-hydroxylase/17–20 lyase involved in steroidogene-
sis. BPA also indirectly suppresses LH release from the pituitary through
the upregulation of aromatase in the testes, thereby inhibiting testos-
terone synthesis [117].

We reviewed 34 articles focused on the reproductive health of males
(Table 7). These studies showed that, compared to fertile men, infertile
and subfertile men had higher BPA concentrations [80,99,101,114,121,
135,152]. Epigenetic changes such as DNA hydroxymethylation and
hypomethylation in semen have been linked to BPA exposure. The
modification of 5-methylcytosine (5mC), associated with gene expres-
sion repression, and 5-hydroxymethylcytosine (5hmC), involved in the
activation of gene expression, are notable among these alterations (Gan
et al., 2013; [86]). Compared with controls, males who were occupa-
tionally exposed to BPA exhibited a higher degree of hydrox-
ymethylation in their sperm long interspersed nucleotide elements 1
(LINE-1), and there was a direct relationship between BPA and sperm
LINE-1 hydroxymethylation [130]. Also, Miao et al. observed that the
degree of sperm LINE-1 methylation was notably lower in workers
exposed to BPA compared to controls [86], showing that BPA can induce
LINE-1 hypomethylation and hydroxymethylation, thereby inducing
genomic alterations, and influencing sperm quality.

Elevated levels of BPA in males were also associated with several
sperm alterations, which include reduced sperm count [3,52,66,73,
135], concentration [66,92,101,135,134], vitality [66,73], and quality
[83,92,99,110,134]. BPA exposure is also associated with abnormal
semen morphology [101], reduced Leydig cell capacity [3], lower pro-
gressive motility [69,73,92,98], and increased sperm DNA damage and
fragmentation [83,99,2]. However, in a prospective cohort study of 501
males, BPA was observed to be negatively associated with sperm DNA
fragmentation, possibly due to lower BPA concentrations in that study
[38].

BPA also correlated with alterations in reproductive hormones in
males, and these alterations include reduced serum cortisol in peri-
pubertal boys [96], decreased testosterone [47,98,99,131], increased
PRL [76], increased E2 [65,76,98], increased SHBG [76,84,152],
reduced androstenedione [152,76], reduced free androgen index [76,
84], increased FSH ([65]; Meeker and Antonia, 2008), reduced inhibin B
(Meeker and Antonia, 2008), increased AMH [68], and reduced dehy-
droepiandrosterone (DHEAS) levels [68].

Notably, Lassen et al., in their study on the associations between
urinary BPA concentration and reproductive hormones in young men
from the general population, observed that BPA was positively associ-
ated with testosterone, LH, and E2 [69]. In this study, BPA acted as an
antiestrogen by competitively inhibiting the binding of E2 to ERs at the
hypothalamus or pituitary level, thereby reducing the inhibitory effect
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of circulating E2 on LH and FSH release, which resulted in increased LH
levels in the bloodstream. This, in turn, causes an increase in the pro-
duction of testosterone and E2 by the testes. Elevated BPA was associ-
ated with higher AMH and lower DHEAS in mini pubertal boys,
indicating heightened sensitivity during mini puberty [68]. Some
studies reported no significant associations between BPA and sperm
quality, reproductive hormones, and fertility. This lack of associations
may be because the BPA levels were below toxic doses, small sample
sizes, and the demographic characteristics of participants in the study
[84,21,40,147]. Additionally, men from metropolitan areas exhibited
higher BPA levels and gene expression of various NRs (Erα, Erβ, AR,
AhR, and PXR) than those from urban and rural areas [114].

Overall, the studies reviewed showed that BPA exposure levels in
men with fertility issues were higher than those of fertile men. BPA was
indeed directly or indirectly associated, with several alterations related
to the amount, morphology, and quality of sperm due to changes in the
levels of male reproductive hormones necessary for the proper devel-
opment of the reproductive system. BPA was also associated with
epigenetic modifications in the sperm of infertile men, contributing to
their infertility. Additionally, at certain reproductive ages or stages of
puberty (mini-puberty), growing boys were more sensitive to BPA
exposure, highlighting the need for further studies in that area. These
findings underscore the associations of BPA with male infertility and its
detrimental effects on male reproductive health and function.

4. Limitations of the study

Since this review was based on a systematic search of EBSCO,
PubMed, Google Scholar, and Scopus databases, we may have missed
some papers that were not present in these databases.

5. Regulation of BPA

Given the documented risks associated with BPA, several alternatives
like Bisphenol-F (BPF) and Bisphenol-S (BPS) have been developed.
However, these substitutes have been shown to pose similar risks as BPA
[32] and thus should be avoided. In response to the harmful effects of
BPA, developed countries have implemented regulations to reduce the
consumption of BPA through diet and mitigate exposure. For example,
Canada, Malaysia, Colombia, Brazil, and the United States have banned
BPA in producing baby food packaging and bottles [79]. Our review
indicates a significant gap in research on BPA in developing countries,
with only 5.5 % of the studies focusing on African populations. This lack
of research may contribute to the absence of regulations in these regions.
Despite some inconsistencies in the findings regarding BPA’s effects on
reproductive health, there is a strong case for adopting global regula-
tions. In addition to implementing bans on BPA, it is crucial to transition
to non-BPA-containing materials for consumer products. Consumers
should prefer fresh food over canned items with epoxy resin linings and
opt for glass or stainless steel containers to minimize BPA exposure
worldwide.

6. Conclusion and future perspectives

BPA remains a significant concern due to its role as an EDC impacting
reproductive health across various populations. This review underscores
the widespread presence of BPA in body fluids such as serum, plasma,
urine, FF, semen, and saliva and its potential adverse effects on repro-
ductive health. Key findings from the studies reviewed reveal that BPA
exposure is associated with a range of reproductive health issues. In
females, BPA exposure is linked to several conditions, including fibroids,
infertility, PCOS, and endometriosis. BPA’s impact on reproductive
health extends to adverse pregnancy outcomes, including altered kiss-
peptin levels and increased risk of miscarriage, preeclampsia, and low
birth weight. In males, BPA exposure is associated with alterations in
sperm parameters, hormonal imbalances, and increased DNA damage,

which may contribute to infertility. The inconsistent findings across
studies may result from variations in study design, methodologies, and
population characteristics. Despite these discrepancies, it is clear that
reducing BPA exposure is critical. It is, therefore, crucial to strengthen
regulations and increase public awareness about the risks of BPA. This
includes promoting BPA-free alternatives, such as glass and stainless
steel, and reducing reliance on BPA-containing products. Future
research should focus on conducting comprehensive epidemiological
studies in diverse populations, including in developing countries, to
better understand the full impact of BPA on reproductive health. Addi-
tionally, there is a need for standardized methodologies in BPA analysis
to enable comparability across studies and enhance the reliability of
findings. By addressing these research gaps and implementing effective
regulations, we can work towards mitigating the reproductive health
risks associated with BPA exposure.

CRediT authorship contribution statement

Esther A. Salami: Writing – review & editing, Writing – original
draft. Oluwakemi A. Rotimi: Writing – review & editing, Supervision,
Methodology, Conceptualization.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

References

[1] A. Abraham, P. Chakraborty, C. Staples, N. van der Hoeven, K. Clark, E. Mihaich,
J. Woelz, S. Hentges, Distributions of concentrations of bisphenol A in North
American and European surface waters and sediments determined from 19 years
of monitoring data, Chemosphere 201 (8) (2018) 448–458, https://doi.org/
10.1016/j.chemosphere.2018.02.175.

[2] Adoamnei, E., Kiwitt-c, J., Sarabia-cos, L., Vela-soria, F. & Fern, M.F. (2021)
Associations between urinary concentrations of bisphenol A and sperm DNA
fragmentation in young men. 199 (March). doi:〈10.1016/j.envres.2021.111289〉.

[3] E. Adoamnei, J. Mendiola, F. Vela-Soria, M.F. Fernández, N. Olea, N. Jørgensen,
S.H. Swan, A.M. Torres-Cantero, Urinary bisphenol A concentrations are
associated with reproductive parameters in young men, Environ. Res. 161
(October 2017) (2018) 122–128, https://doi.org/10.1016/j.envres.2017.11.002.

[4] L. Aghajanova, L.C. Giudice, Effect of bisphenol A on human endometrial stromal
fibroblasts in vitro, Reprod. Biomed. Online 22 (3) (2011) 249–256, https://doi.
org/10.1016/j.rbmo.2010.12.007.

[5] M.S.H. Akash, S. Sabir, K. Rehman, Bisphenol A-induced metabolic disorders:
from exposure to mechanism of action, Environ. Toxicol. Pharm. 77 (December
2019) (2020) 103373, https://doi.org/10.1016/j.etap.2020.103373.

[6] N. Ali, S. Ghafoor, S. Zareen, F. Saleh, Z.-N. Qureshi, A. Sajid, Consequence of
exposure to Endocrine disruptors chemicals on female fertility, Isra Med. J. 13 (3)
(2021) 172–176. 〈https://search.ebscohost.com/login.aspx?direct=true&db=a
9h&AN=153490695&site=ehost-live&scope=site〉.

[7] S. Almeida, A. Raposo, M. Almeida-González, C. Carrascosa, Bisphenol A: food
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