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Abstract

Bisphenol A (BPA) interacts with the
endocrine system and seems to produce differ-
ent effects in relation to gender. The objective
of the study was to clarify the possible health
effects of exposure to BPA in relation to gen-
der. A literature search was performed using
three different search engines: Medline,
PubMed and Scopus. Data on both animals and
humans showed that BPA acts as a xenoestro-
gen and interacts with the androgens’ metabo-
lism, producing different outcomes: uterotrop-
ic effects, decreasing sperm production, stimu-
lation of prolactin release. Gender difference
plays a key role in understanding the real toxic
effects, the BPA serum concentrations were,
all the time, higher in male subjects, possibly
due to the difference in androgen-related
enzyme activity levels, compared with the
healthly female subjects, to equal levels of
exposure; while higher BPA levels in women
have been associated with a variety of condi-
tions including obesity, endometrial hyperpla-
sia, recurrent miscarriages, and polycystic
ovarian syndrome. The data collected are suffi-
ciently robust to raise concerns about the
potentially deleterious impact of BPA on
humans, even with some methodological limi-
tations; the different impact of BPA in men and
in women is documented and of a certain
interest. In toxicology it is necessary to assess
effects in relation to gender differences, in
order to set up prevention plans in the work
environment targeting the specific risk.

Introduction

Differences in exposure, anatomy, physiolo-
gy, biochemistry and behavior between males
and females are a dominant theme in biology,
transcending the plant and animal kingdoms.

The variables that create differences
between male and female could be summed up

as follows: anatomical (significant organ mass
differences, blood volume and flow rates), phys-
iological (ventilation rates, water intake), dis-
cretionary (diet, smoking, pharmaceuticals)
and occupational (even in the same job men
and women often encounter different levels of
exposure).1 Furthermore, gender-specific
organs respond differently to xenobiotics,
although controversy persists on this subject.
There has been substantial research on gender
differences in synthesis and release of proteins
and hormones, up- or down- regulation of
receptors, non-steroidal agonists, antagonists
for receptors, altered metabolism, altered
transport quantity or free:bound ratio.2

Toxicokinetic differences mainly involve
metabolism: for example males and females
differ in the liver metabolism of organic
anions3 and demonstrate a complex pattern of
gender-specific expression of organic anion-
transporting polypeptides; phase II of the
metabolism (reactions of formation of glu-
curonides, acetylation, methylation, conjuga-
tion with sulfate, glutathione or amino acids)
is generally faster in men than in women.4 Few
differences are demonstrated in the absorp-
tion5 phase; women have a lower average body
weight, higher body fat composition, smaller
plasma volume and lower average organ blood
flow than men, these factors affect the rate and
extent of distribution of chemicals;6 further-
more, sex hormones also influence the binding
of chemicals to proteins in plasma, thereby
leading to differences in pharmacokinetic
parameters for certain chemicals.6 Few studies
have been published about differences in
excretion and storage of toxicants in organs,
but, on average, females have proportionally
more body fat than males7 and hence they may
store relatively more lipophilic contaminants;
in addition, females who are calcium-deficient,
may store divalent compounds in their bone in
lieu of calcium; males have proportionally high-
er rates of renal clearance8 so females may
retain a higher proportion of a contaminant,
even when it has been metabolized. In addi-
tion, lifestyle, psychosocial and hormonal fac-
tors modify kinetics and responsiveness.

Many occupational epidemiological studies,
on which much of our understanding of toxic
effects is based, begin by excluding women and
minorities, though gender-related differences
in responses to chemicals should be taken into
account by scientists, regulators and policy-
makers as well as by the public.9 Some
researchers have questioned the relevance of
possible gender differences in acute exposure
to chemicals in the same settings and in partic-
ular whether the amount of substance that is
absorbed and reaches the target sites is the
same for males and females: examples from the
literature show that, depending on the chemi-
cal compound, there may be gender differences
in exposure, due especially to the different pos-

sibility of metabolism, storage and excretion.10

Bisphenol A (BPA) is a major industrial
chemical used, as a monomer, in production of
polycarbonates plastics, as a component in
epoxy resin, as an antioxidant in polyvinylchlo-
ride (PVC) plastics and as an inhibitor of end
polymerization in PVC and a variety of other
applications. Annual production within the
European Union (EU) amounts to approx.
700,000 tones.11 Human exposure to BPA may
occur during occupational scenarios and due
to migration of BPA from food contact material
into food.12 For occupational scenarios, inhala-
tion of BPA in the form of dust is the most sig-
nificant pathway of exposure expected;13 esti-
mated exposure through inhalation and der-
mal exposure are both based on measured data
from industry (often with problems due to dif-
ferent sampling design and methodology).
Dietary exposure is very relevant (mainly from
wine consumption and canned food).14

In literature various studies indicate that
reproductive and endocrine-related endpoints
are important in risk assessment of BPA.15,16

This compound is estrogenic both in vitro
and in vivo: in vitro studies utilizing various
test systems, mainly a human breast cancer
cell line, have shown that BPA both binds to
and activates estrogen receptors, including
human estrogen receptor (ER) a� and ER b,
but is a weak estrogen, with an affinity/activity
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about 3-5 orders of magnitude weaker than 
17-b-estradiol, on a molar basis.17 The data on
the toxicokinetics of BPA show much lower
bioavailability of the parent compound follow-
ing oral administration, compared with others,
together with the information that the princi-
ple metabolite of BPA, the monoglucuronide
conjugate, does not bind to or activate the
estrogen receptor.14

Materials and Methods

The present study aims to illustrate the
research conducted to identify the differences
between men and women in exposure to BPA,
with regard to potential health effects.

A literature search was performed using
three different search engines: Medline,
PubMed and Scopus. We mainly collected arti-
cles published in the last twenty years. 

Gender difference in experimental
animals exposed to bisphenol A

BPA might affect the metabolism of testos-
terone hydroxylation, creating a vicious cycle
between BPA and androgen (Figure 1);18 it was
reported that BPA treatment decreased uridine
diphosphate-glucuronosyl transferase (UGT)
activities toward sex hormones and BPA in the
livers of male rats but not of female rats.19

Anatomical evidence of alterations in brain
sexual differentiation were examined in male
and female offspring, born to mouse dams
exposed to 0.25/250 ng BPA/kg body weight per
day (kg bw/d), from the evening of day 8 of ges-
tation through day 16 of lactation: a study was
carried out on the sexually dimorphic popula-
tion of tyrosine hydroxylase (TH) neurons in
the brain region used for estrous cyclicity and
estrogen-positive feedback. Significant sex dif-
ferences in TH neuron number were observed,
with a decline in BPA-exposed females; these
data indicate that BPA may be capable of alter-
ing important events during critical periods of
brain development, with evident gender differ-
ences.20

An investigation of exposure to BPA of preg-
nant female Wistar rats, during gestation and
lactation, showed that BPA causes a loss of
gender difference in the rat as concerns the
number of corticotrophin-releasing hormone
immunoreactive (CRH) neurons in the bed
nucleus of the stria terminalis (BTS): usually
female rats contained significantly more CRH
neurons than male rats in the preoptic area
(POA) and in the BTS, this significant sex dif-
ference was also evident in the BPA exposed
group for CRH in POA but not in the BTS, sug-
gesting that the exposure to BPA affects the
CRH neurons in the BTS only for female rats.21

Pregnant Sprague Dawley rats were exposed
to low concentration of BPA, near the no-

observed-adverse-effect level, 5 mg/kg bw/d,
and researchers observed that low oral dose of
BPA increases volume of the sexually dimor-
phic necleus of the POA in male, but not
female, rats and, at these levels of concentra-
tion BPA treatment did not alter any other end-
point.22

Some authors have studied the effects on
non-reproductive behaviors between adoles-
cent mice exposed to BPA: levels from 40 to 400
mg/kg/d, in the long term, altered characteris-
tic differences in certain non-reproductive
behaviors of male and female mice, including
exploration, anxiety,23 spatial learning, memo-
ry and passive avoidance memory,24 although
no obvious changes were found in the serum
hormone levels or in the weights of reproduc-
tive organs.25

To examine the impact of BPA on estrogen
receptor expression in sexually dimorphic
brain regions of prepubertal and adult female
rats, animals were exposed to low levels of BPA
(2.5-2700 mg BPA/kg bw/d) and researchers
found a significant decreases in estrogen
receptor expression in different area of the
hypothalamus.26 Particularly long evans neona-
tal rats were exposed to 50 mg/kg BPA by sub-
cutaneous injection daily and results showed
that: ER� expression was augmented by BPA in
postnatal day (PND) 4 females, then fell to
male-typical levels by PND 10; ERb expression
was not altered by BPA on PND 4 but signifi-
cantly decreased in both sexes by PND 10;
kisspeptin expression was diminished by BPA
in anterior hypothalamus, especially in
females.27 A study on the BPA metabolism indi-
cated28 that serum concentrations of BPA in
rats were significantly higher in males

(24.9±7.38 ng/mL) than females (8.27±3.11
ng/mL), as in humans. The resultant enzyme
reaction products of BPA glucuronidation in
the rat liver microsomal fraction were analyzed
[messenger ribonucleic acid (mRNA) expres-
sion of UGT] and the level was significantly
higher in female than in male rat livers. The
gender difference in serum BPA concentra-
tions may be explained by the difference in
clearance based on UGT activities.

Other differences were evident in the
research of van Esterik et al.29 where hybrid
mice (C57BL/6JxFVB) were exposed during
gestation and lactation to 8 non toxic doses of
BPA (0-3000 mg/kg/d): adult male offspring
showed dose-dependent increases of body and
liver weights while female offspring showed a
dose dependent decrease in body weight, liver,
muscle and fat pad weights, adipocyte size,
serum lipids, serum leptin and adiponectin.
The effects in females were more reliable and
robust than in males due to wide confidence
intervals and potential confounding by littler
size for male data. These results suggest that
BPA can program for an altered metabolic phe-
notype. 

In an attempt to extrapolate the data
obtained in animals compared to human data,
Taylor et al.30 measured unconjugated and con-
jugated BPA levels in serum from adult female
rhesus monkeys and adult female mice after
oral administration of BPA and compared find-
ings with prior published data in women: 400
mg/kg of deuterated BPA (dBPA) was daily
administered; mice and monkeys cleared
unconjugated serum BPA at virtually identical
rates; the BPA pharmacokinetics in women,
female mice and monkeys were very similar.
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Figure 1. Major metabolites of bisphenol A (BPA) and their ability as endocrine simulators.
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Gender difference in humans
exposed to bisphenol A

In one study researchers investigated the
BPA levels in blood samples from 37 mothers
between weeks 32 and 41 of gestation and
after births. Placental tissue and umbilical
cord blood were also analyzed: fetal plasma
concentrations were higher in male than in
female human fetuses.31 There is some evi-
dence that the range of BPA levels measured
may be related to gender differences in metab-
olization of parent BPA.

A small Korean study32 (30 subjects) report-
ed sex differences in urinary conjugates of
BPA while total BPA concentrations were simi-
lar in men and women (2.82±0.73 and
2.76±0.54 ng/mL, respectively). In this study
men were more likely to glucuronidate BPA
(2.34±0.85 ng/mL) than women (1.00±0.34
ng/mL), but women appeared to have a meta-
bolic shunt for the sulfation of BPA (1.20±0.32
ng/mL vs 0.49±0.27 ng/mL in men). 

Whereas the glucuronidation of BPA deter-
mines loss of the ability to interact with estro-
gen receptors, Volkel et al.33 suggested that
this type of derivatization and rapid excretion
are more effective in lowering the estrogenic
activity of BPA in humans rather than in rats;
therefore there are strain/related differences
in the BPA metabolism, which may influence
the difference in susceptibility to BPA toxicity
between men and women.

Gender differences in serum BPA concen-
trations were found by Takeuchi et al.,34 who
investigated 14 healthy women, 11 men and 16
women with polycystic ovary syndrome. The
results showed that BPA concentrations were
significantly higher in men (1.49±0.11 ng/mL)
and in women with polycystic ovary syndrome

(1.04±0.10 ng/mL) compared with normal
women (0.64±0.10 ng/mL). Furthermore, there
were significant positive correlations between
serum BPA and total testosterone and free
testosterone concentrations in all subjects but
not with other sex-related hormone concentra-
tions in any group. These findings suggest that
the gender differences in serum BPA concen-
trations are possibly due to differences in the
androgen-related metabolism of BPA.

The same research group34 sought to further
investigate analyzed serum BPA in women
with obesity and ovarian dysfunction (7
patients with hyperprolactinemia, 21 patients
with hypothalamic amenorrhea, 13 non/obese
and 6 obese patients with polycystic ovary syn-
drome): serum BPA concentrations were sig-
nificantly higher in both non-obese and obese
women with polycystic ovary syndrome
(1.05±0.10 ng/mL, 1.17±0.16 ng/mL) and
obese normal women (1.04±0.09 ng/mL) com-
pared with those in non-obese normal women
(0.71±0.09 ng/mL). Once again a significant
correlation was found between androgen hor-
mones (total testosterone, free testosterone,
androstenedione and dehydroepiandrosterone
sulfate) and serum BPA, in all subjects. The
findings were explained by considering that it
is generally known that obesity is associated
with peripheral insulin resistance and hyper-
insulinemia,35 since hyperinsulinemia has a
direct inhibitory effect on hepatic gender hor-
mone binding globulin production and free
testosterone and a biologically active fraction
is higher in obese than in non obese women.
The researchers speculated that the gender
difference in serum BPA concentrations was
due to differences in the androgen-related
metabolism of BPA. Indeed, not only in men

but also in hyperandrogenic women serum
BPA levels are higher than in normal women.

Because BPA mimics estrogen action, via
estrogen receptors in the endometrium, Hiroi
et al.,36 analyzed the BPA levels in patients with
simple endometrial hyperplasia of a benign
nature, complex endometrial hyperplasia with
malignant potential and postmenopausal
endometrial cancer: their findings suggest the
presence of associations between BPA expo-
sure and complex endometrial hyperplasia and
endometrial cancer.

Hanaoka et al.37 showed that occupational
exposure to BPA may disrupt secretion of
gonadotrophic hormones in men, studying a
male working population (42 subjects) of
epoxy resin sprayers; the clinical significance
of endocrine disruption effects should be fur-
ther investigated in order to understand
whether females too could present a similar
situation or whether there is a gender-specific
effect. An association between serum BPA lev-
els and recurrent miscarriage was reported:38

mean BPA levels were over three times as high
in 45 women with a history of three or more
consecutive first-trimester miscarriages com-
pared to 32 non-parous women without fertility
problems.

The Mothers and children’s environmental
health study,39 carried out in Korea since 2006,
studied a cohort of 757 pregnant women, uri-
nary BPA concentrations were analyzed and
was found a significant association between
BPA levels and birth weight, more pronounced
in male neonates, and BPA levels and an
increase of ponderal index in total, especially
for females neonates.

Data from studies about BPA exposure of
humans are recalled in Table 1.31,32,34,36

                                                                                                                              Article

Table 1. Data about human exposure to bisphenol A.

Ref.       What did they observed?                   Outcomes                                                                What does it suggest?

31              BPA levels in fetus plasma                              Higher concentrations in male than                                       A correlation/interference with the male 
                                                                                                female fetuses                                                                             hormonal system
32              Urinary BPA metabolites levels,                    Men showed higher glucuronidate BPA than women         Preferentially a different metabolic pathway
                 with a total BPA concentration similar         Women appeared to have a metabolic shunt                       between male and female
                                                                                                for sulfation of BPA                                                                     
34              BPA levels in serum                                          Concentrations significantly higher in men and                  Correlation/interference of BPA with androgen 
                                                                                                in women with polycystic ovary syndrome,                           hormones
                                                                                                compared with normal women
                                                                                                Significant positive correlation with androgens                  
34              BPA levels in female serum with                   Obese women and women with                                              Correlation with androgen hormones
                 different health problems                              polycystic ovary syndrome
                 (obesity, ovarian dysfunction)                       showed higher level than normal women                             
                                                                                                Obesity is associated with hyperinsulinemia 
                                                                                                that has a direct inhibitory effect on hepatic 
                                                                                                gender hormone binding globulin production 
                                                                                                and free testosterone
36              BPA levels in female plasma                          Association between BPA exposure and complex               BPA acts as a xenoestrogen
                 with endometrial hyperplasia                         endometrial hyperplasia and endometrial cancer              
BPA, bisphenol A.
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Discussion and Conclusions

The data collected thus far in the field of
environmental toxicology are sufficiently
robust to raise concerns about the potentially
deleterious impact of BPA on humans. Recent
studies indicate that in both rats and nonhu-
man primates, BPA abolishes estrogen depend-
ent spine synapse formation in the hippocam-
pus and prefrontal cortex, lending support to
the use of animal models.40

BPA has been reported to bind estrogen
receptors (ERa and ERb) and play either
estrogenic or antiestrogenic roles in vitro, it
has been shown to have several actions such
as uterotropic effects,41 decreasing sperm pro-
duction,42 stimulation of prolactin release,43

and promotion of cell proliferation in a breast
cancer cell line.44

Interaction with the endocrine system is
without doubt a central role of BPA, because
this substance could interact at different levels
and determine different effects for men and
women. Of course the interaction with the
estrogen receptors and the ability to interfere
with steroidogenesis strongly influence the
possible health effects and adjustable gender
difference plays a key role in understanding
the real toxic outcomes. But, in addition to the
risks related to the endocrine system,
researchers should also evaluate the possible
other areas that might be involved in exposure
to BPA, in which, however, the male and
female can live different situations and health
problems.

Specifically it emerges that there are gender
differences in serum BPA concentrations, pos-
sibly due to the difference in androgen-related
enzyme activity levels, in fact male subjects
(both fetus and adult one) showed, all the
time, an higher level compared with the
healthly female subjects, to equal levels of
exposure.

Higher BPA levels in blood, in women, have
been associated with a variety of conditions
including obesity, endometrial hyperplasia,
recurrent miscarriages, and polycystic ovarian
syndrome; although providing interesting pre-
liminary data on potential health risks, also
considering gender difference, the epidemio-
logical studies have several limitations. Above
all, the studies have small sample sizes and
limited details on subject selection criteria and
are generally cross-sectional designs that
include limited checks on potential con-
founders. These limitations, in the study
design, contribute to the limited ability to draw
conclusions based on the epidemiology of
potential health risks related to BPA.

Further investigation is needed, with epi-
demiological and statistical validity, in order to
clarify the different possible effects for men or
women, also in a perspective of prevention of

specific risk in life and occupational settings. 
Toxicologists could take in greater account

the role of sex on health effects in their
research protocols; the physician at work
should establish a health protocol, taking gen-
der difference into account, because, even in
the same exposure conditions, men and
women could manifest different health effects. 

Research highlights 

BPA acts as a xenoestrogen.
Different health outcomes, between male

and female, are recordable following exposure
to bisphenol A.

Different toxicological parameters identi-
fied, hypothesized different metabolic path-
way, with regard to sex difference.

Necessity, in toxicology, to compare results
from surveys about man and woman, for differ-
ent xenobiotics, so to identify potential differ-
ences, particularly if endocrine disruptors
chemicals.
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