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A B S T R A C T

Background: Bisphenol A (BPA) has been associated with male reproductive dysfunction. However, few studies
have assessed BPA according to the cause of male infertility.
Aim: To investigate serum BPA concentrations in infertile men according to infertility cause.
Patients and methods: Men with infertility (n=55) [non-obstructive azoospermia (n=23), cryptorchidism
(n=12), varicocele (n= 20)] compared with fertile men (n= 25). Serum BPA concentrations were measured
along with clinical and hormonal assessment.
Results: BPA was detected in all men, with no difference between infertile and control groups [median (IQR)
0.19 (0.45) vs. 0.18 (0.28) ng/ml, p=0.689] or among the infertility cause [azoospermia 0.30 (0.69), cryp-
torchidism 0.12 (0.39), varicocele 0.17 (0.23) ng/ml, p= 0.316]. High concentrations of BPA (> 3 ng/ml) were
observed only in infertile men. Α negative correlation was observed between ΒΡΑ concentrations and AMH
(r=−0.320, p < 0.01).
Conclusions: Although male infertility cannot be attributed to exposure to BPA, high concentrations of BPA could
contribute to infertility.

1. Introduction

Infertility is defined as the inability to conceive after frequent and
unprotected sexual intercourse for more than a year, a condition that
currently affects 15% of couples worldwide (Juul et al., 1999; Sharlip
et al., 2002; Wong and Cheng, 2011). Approximately 50% of the cases
are attributed to the male partner (Irvine, 1998; Juul et al., 1999;
Sharlip et al., 2002; Wong and Cheng, 2011). Specific causes are di-
rectly linked to only 23% of all male infertility cases, with environ-
mental factors, such as exposure to endocrine disruptors, being one of
the major causes of the remaining cases (Wong and Cheng, 2011).

An endocrine disruptor (ED) is defined by the US Environmental
Protection Agency as “an exogenous agent that interferes with synth-
esis, secretion, transport, metabolism, binding action, or elimination of
natural blood-borne hormones that are present in the body and are
responsible for homeostasis, reproduction, and developmental process”
(Diamanti-Kandarakis et al., 2009; Kabir et al., 2015). Bisphenol A is
one of the most investigated and, for many authors, one of the most
potent ED (Maffini et al., 2006). It has estrogenic and anti-androgenic
properties and it is ubiquitous in the environment and consumer

products. Nevertheless, human studies demonstrating BPA's endocrine
disrupting effects have been sparse (Kuehn, 2007; vom Saal et al.,
2007). In males, high concentrations of BPA have been associated with
low serum follicle stimulating hormone (FSH), concentrations
(Hanaoka et al., 2002), low free androgen index (FAI) (Mendiola et al.,
2010), low sperm concentration, sperm vitality and sperm motility
(Meeker et al., 2010; Li et al., 2011; Knez et al., 2014), and increased
sperm DNA damage (Meeker et al., 2010). Furthermore, seminal but not
plasma BPA was negatively associated with sperm concentration, sperm
count and morphology (Vitku et al., 2016). Positive association was
demonstrated between urinary BPA and total testosterone (tT), lutei-
nizing hormone (LH) and estradiol (E2) (Lassen et al., 2014). Finally,
male BPA concentrations may affect embryo quality during in vitro
fertilization (IVF) cycles, although no association was observed with
time-to-pregnancy (Buck Louis et al., 2014).

To our knowledge, no studies of the effect of BPA exposure to semen
quality have been conducted to date, in well-defined groups of men
with infertility. In the present study, we assessed the association be-
tween plasma BPA concentrations, a biological marker of BPA exposure,
and semen quality, in infertile men of specific etiology, such as non-
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obstructive oligo-astheno-teratozoospermia (ΟΑΤ), cryptorchidism and
varicocele.

2. Patients and Methods

Study characteristics. Cross-sectional, case-control, clinical study.
Study population. Fifty-five infertile men, attending the outpatient

clinics of the Unit of Reproductive Endocrinology, First Department of
Obstetrics and Gynecology, Aristotle University of Thessaloniki, Greece,
were prospectively recruited and studied from January to December
2017.

General inclusion criteria were: i) infertility, defined as not
achievement of a pregnancy after 12 months of unprotected inter-
course, ii) two spermiograms showing azoospermia (absence of sperm
in the semen) or OAT, sperm concentration< 15×106/ml or motility
type a and b< 32% or normal morphology<4%) with time interval of
at least 70 days. Of these two spermiograms, the first was used for the
data analysis and the second for confirmatory reasons.

Specific inclusion criteria were: i) men with grade II (palpable) or
grade III (visible) varicocele and OAT (varicocele group), ii) history of
unilateral or bilateral cryptorchidism, independently of the age of its
surgical correction (cryptorchidism group); iii) men with no apparent
cause of azoospermia, following the conduction of the standard diag-
nostic procedure.

Εxclusion criteria were: i) presence of obstructive azoospermia
[confirmed by normal spermatogenesis in testicular sperm extraction
(TESE) procedure], ii) presence of causes of azoospermia or OAT other
than INOA, cryptorchidism or varicocele (such as Kallmann syndrome,
Klinefelter syndrome, testicular cancer).

Twenty-five fertile men from the general population, with normal
semen parameters, whose partners were in the first trimester of preg-
nancy, were used as controls. The control men were recruited from the
Obstetrics outpatient clinics. All participants provided information on
demographic characteristics and occupational history, through an in-
person interview.

3. Methods

All participants underwent andrologic evaluation, including history,
physical examination, serum profile of hormones FSH, LH, prolactin, tT,
sex hormone-binding globulin (SHBG), anti-Müllerian hormone (AMH)
and inhibin B (InhB) and, at least, two spermiograms. All infertile men

underwent a standard diagnostic procedure (personal and family history,
general and external genitalia clinical evaluation, hormonal assessment,
spermiograms, seminal culture, testicular ultrasound, karyotype, Yq mi-
crodeletions) as clinically indicated. Informed consent was obtained from
all participants, and the study protocol was approved by the Bioethics
Committee, Aristotle University of Thessaloniki, Greece.

Hormone assays. Fasting blood samples were obtained at 09:00
and centrifuged for 20min. The serum was separated and stored at
−80 °C until analysis was performed.

All assays were performed using immunoenzymatic techniques IVD
and RUO. Serum concentrations of FSH, LH, tT and prolactin were
measured using the Immulite 2000 immunoassay system, (Siemens
Healthineers Tarrytown, NY, USA).

Serum concentrations of the specific analytes ΑΜΗ and Inh B were
measured commercial two-site sandwich-type enzyme linked im-
munosorbent assays (Diagnostic Systems Laboratories, Inc. Webster,
TX, USA). According to the manufacturer the inter-assay and intra-
assay coefficients of variation were 4.8% and 2.4% for AMH and 6.2%
and 3.5% for Inh-B, respectively.

Determination of BPA in sera of patients and controls was performed
using a competitive immunoassay (IBL International GmbH, Hamburg,
Germany). According to the manufacturer the intra- and interassay
coefficients of variation ranged 5.5–14.0 and 4.3–5.2%, respectively.

Semen analysis. Semen was collected by on-site masturbation, in a
sterile plastic specimen cup, after 3–7 days of abstinence. Spermiogram
was performed in all subjects twice. The samples of men with azoos-
permia were centrifuged at 600 g for 10min. Sperm concentration,
motility and morphology were evaluated according to the World Health
Organization (WHO) criteria (WHO, 2010).

Statistical analysis. Data are expressed as median (Interquartile
Range - IQR). Kruskal-Wallis test was used for the comparison of nu-
merical parameters among groups, with Mann-Whitney as post hoc test.
Correlation between study parameters was made by Spearman rho test.
A p value of less than 0.05 was considered statistically significant.
Statistical analysis was performed with SPSS 21 for Windows (SPSS
Inc., USA).

4. Results

Demographic characteristics, clinical, hormonal and sperm features
in fertile and infertile men, accordance with the cause of infertility are
presented in Table 1.

Table 1
Demographic, testis volume, sperm and blood chemistry parameters of all men studied.

Controls INOA Varicocele Cryptorchidism

n 25 23 20 12
Demographic parameters
Age (years) 30.7 ± 1.7 34.6 ± 1.6 37.4 ± 1.3 33.7 ± 1.2
Clinical parameters
Testis, right (ml) 23.4 ± 2.1 13.4 ± 1.3 21.6 ± 1.1 13.8 ± 1.8
Testis, left (ml) 22.8 ± 2.3 13.1 ± 1.3 21.2 ± 1.1 15.2 ± 1.6
Semen parameters
Semen volume (ml) 5.2 ± 0.7 3.7 ± 0.5 3.4 ± 0.4 3.3 ± 0.3
Sperm number (106/ml) 65.0 ± 11.3 0 ± 0 12.7 ± 3.9 2.8 ± 1.6
Sperm motility (%) 57.8 ± 2.6 0 ± 0 18.4 ± 4.0 5.5 ± 2.1
Sperm morphology (%) 17.1 ± 1.5 0 ± 0 10.1 ± 3.3 9.6 ± 5.5
Hormones and endocrine disruptor
FSH (mU/ml) 2.6 ± 0.8 22.6 ± 2.1 8.6 ± 1.3 19.9 ± 3.6
LH (mU/ml) 3.2 ± 0.6 9.5 ± 1.0 5.9 ± 1.0 9.2 ± 2.2
Prolactin (ng/ml) 6.8 ± 1.0 13.4 ± 2.6 11.8 ± 2.1 10.0 ± 1.3
Total testosterone (ng/dl) 620.0 ± 119.4 458 ± 38.2 445.9 ± 53.0 423.7 ± 30.7
AMH (ng/ml) 11.1 ± 0.7 6.0 ± 0.8 6.6 ± 0.6 6.3 ± 1.1
Inhibin B (pg/ml) 133.0 ± 8.8 33.7 ± 5.6 65.6 ± 6.3 38.7 ± 5.1
BPA (ng/ml) 0.4 ± 0.1 1.2 ± 0.5 0.6 ± 0.4 0.2 ± 0.1

Data are given as mean ± standard error of the mean (SEM).
AMH: anti-Müllerian hormone; BPA: Bisphenol A; FSH: follicular stimulating hormone; INOA: idiopathic non-obstructive azoospermia; LH: luteinizing hormone.
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BPA was detected in all infertile and control men. There was no
difference in BPA concentrations between infertile and control men
[median (IQR) 0.19 (0.45) vs. 0.18 (0.28) ng/ml, p= 0.689] (Fig. 1) or
among the cause of infertility [azoospermia 0.30 (0.69), cryptorchidism
0.12 (0.39), varicocele 0.17 (0.23) ng/ml, p= 0.316]. However, BPA
concentrations> 3 ng/ml were observed in the group of men with in-
fertility. Furthermore, a weak but significant negative correlation was
observed between ΒΡΑ concentrations and AMH (r=−0.320,
p=0.02) in the whole group of subjects (Fig. 2).

5. Discussion

Although there are indications that ED have adverse effects on the
male reproductive system, the evidence is limited. In the present study,
we assessed the association between plasma BPA concentrations and
semen quality in infertile men of specific etiology. We found no dif-
ference in serum BPA concentrations between infertile and fertile men,
but we observed very high concentrations of BPA only in men with
azoospermia.

Few studies assessed the impact of BPA in Greek populations. This is
the first study indicating 100% exposure to BPA in serum samples
collected from 80 Greek adult men. Tzatzarakis et al. demonstrated that
BPA was detected in the 41.2% of hair samples collected from urban
population and in the 14.8% of hair samples collected from rural po-
pulation (Tzatzarakis et al., 2015). Furthermore, BPA was detected in
the 90% of urine samples from men in Athens and in almost all urine
samples (99%) of Greek children of pre-school age (Myridakis et al.,
2016).

Animal studies have shown that exposure to BPA could have det-
rimental effects on the male reproductive system (Talsness et al., 2000;
Tohei et al., 2001; Williams et al., 2001; Han et al., 2004; Herath et al.,
2004; Foster, 2006; Richter et al., 2007; Salian et al., 2009). As a potent
ED, BPA has been shown to have both estrogenic and anti-androgenic
properties, which provides biological plausibility for an adverse effect
of BPA on the male reproductive system. However, human studies ex-
amining this effect have been limited. The results from this study pro-
vide evidence that increased BPA concentrations could explain some
cases of men with otherwise idiopathic infertility. As we did not find
association between serum BPA concentrations and reduced semen
quality parameters among infertile men, male infertility cannot be at-
tributed to exposure to BPA; nevertheless, high concentrations of BPA
could contribute to infertility.

These results are in accordance with some (Vitku et al., 2016), but
not all previous evidence (Meeker et al., 2010; Li et al., 2011; Knez
et al., 2014). The discrepancies could be attributed to the biological
specimen where BPA was measured, as many studies measured BPA in
urine or seminal plasma. Additionally, the sample selection may result
in different results: some studies selected men from the general popu-
lation (Lassen et al., 2014), while others from highly exposed groups (Li
et al., 2011) or from couples attending infertility clinics (Meeker et al.,
2010; Knez et al., 2014).

However, this study has certain limitations. It is demonstrated that
non-persistent chemicals, such as phthalates and BPA, show large intra-
individual and day-to-day variations (Frederiksen et al., 2013). Fur-
thermore, it is evident that there is a gap between time of exposure and
manifestation of effects which may be more than 20 years. Humans are
also exposed to a large number of chemicals (Suk et al., 2002), which,
although they have different modes of action, could affect the same
hormone system in a dose-additive manner (Hass et al., 2007; Rider
et al., 2010).

The mechanisms of the adverse effect of BPA on the male re-
productive system have not been clarified. BPA binds to both estrogen
receptors (ERα and ERβ), with 10-fold higher affinity to ERβ. Given
that the affinity of BPA for ERs is 10,000- to 100,000-fold weaker than
that of E2, it had been considered to be a very weak environmental
estrogen (Vandenberg et al., 2007). However, it became evident that
BPA can stimulate cellular responses at very low concentrations, not
only by binding to the classic, genomic (nuclear) ERs, but through non-
genomic (membrane-associated) mechanisms (vom Saal et al., 2007).
BPA alters endocrine function through multiple pathways (Wetherill
et al., 2007). Animal studies have reported adverse reproductive effects
in males exposed to low concentrations of BPA in early life or in
adulthood (Meeker et al., 2010; Richter et al., 2007; Cao et al., 2012;
Wisniewski et al., 2015). In humans, BPA has been measured in ma-
ternal and fetal plasma and placental tissue at birth (Vandenberg et al.,
2007; Diamanti-Kandarakis et al., 2009), in the amniotic fluid (Ikezuki
et al., 2002; Schonfelder et al., 2002) and in the milk of lactating mo-
thers (Sun et al., 2004; Ye et al., 2006; Kuruto-Niwa et al., 2007). These
data indicate that the fetus and neonate are readily exposed to this
chemical (Vandenberg et al., 2007; Diamanti-Kandarakis et al., 2009;
Calafat et al., 2008; Geens et al., 2009). Finally, BPA has been detected
in the follicular fluid of women IVF (Ikezuki et al., 2002). In any case,
the impact of BPA on spermatogenesis (Li et al., 2011) has to be as-
sessed in large, appropriately designed studies.

In conclusion, this study provided evidence that although male

Fig. 1. Comparison of serum Bisphenol A concentrations in Group A: Fertile
(Controls), [95% CI -0.920 to −0.507]; Group B: INOA (Idiopathic non-
Obstructive Azoospermia), [95% CI -0.807 to −0.193]; Group C: Varicocele),
[95% CI -0.932 to −0.426]; and Group D: Cryptorchidism, [95% CI: −1.174 to
−0.581] (ANOVA, p > 0.230). Boxes represent the interquartile range; lines
inside boxes represent the median value; cross represents mean marker; whis-
kers represent the lowest and highest observations, respectively.

Fig. 2. Correlation between Bisphenol A and anti-Müllerian Hormone con-
centrations of all men participating in the study (r= -0.320, p=0.02).
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infertility cannot be associated with exposure to BPA, high concentra-
tions of BPA could contribute to infertility. Further research is required
in order to explore ED actions and to establish methods to avoid ex-
posure of the population to these substances.
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