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Unité d’Endocrinologie et Gynécologie
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h
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Background: Numerous studies have focused on the association between endocrinedisrupting chemicals (EDCs) and hypospadias. Phenotype variability, the absence of
representative comparison groups and concomitant genetic testing prevent any definitive conclusions.
Objective: To identify the role of occupational and environmental exposures to EDCs in
nongenetic isolated hypospadias.
Design, setting, and participants: A total of 408 consecutive children with isolated
hypospadias and 302 normal boys were prospectively included (2009–2014) in a multiinstitutional study in the south of France, the area of the country with the highest
prevalence of hypospadias surgery.
Outcome measurements and statistical analysis: In patients without AR, SRD5A2, and
MAMLD1 mutations, parental occupational and professional exposures to EDCs were
evaluated based on European questionnaire QLK4-1999-01422 and a validated jobexposure matrix for EDCs. Environmental exposure was estimated using the zip code,
the type of surrounding hazards, and distance from these hazards. Multivariate analysis
was performed.
Results: Fetal exposure to EDCs around the window of genital differentiation was more
frequent in the case of hypospadias (40.00% vs 17.55%, odds ratio 3.13, 95% conﬁdence
interval 2.11–4.65). The substances were paints/solvents/adhesives (16.0%), detergents
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(11.0%), pesticides (9.0%), cosmetics (5.6%), and industrial chemicals (4.0%). Jobs with
exposure were more frequent in mothers of hypospadiac boys (19.73% vs 10.26%,
p = 0.0019), especially cleaners, hairdressers, beauticians, and laboratory workers. Paternal job exposure was more frequent in the cases of hypospadias (40.13% vs 27.48%,
p = 0.02). Industrial areas, incinerators, and waste areas were more frequent within a
3-km radius for mothers of hypospadiac boys (13.29% vs. 6.64%, p < 0.00005). Association of occupational and environmental exposures increases this risk.
Conclusions: This multicenter prospective controlled study with a homogeneous cohort
of hypospadiac boys without genetic defects strongly suggests that EDCs are a risk factor
for hypospadias through occupational and environmental exposure during fetal life. The
association of various types of exposures may increase this risk.
Patient summary: Our multi-institutional study showed that parental professional,
occupational, and environmental exposures to chemical products increase the risk of
hypospadias in children.
# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.

1.

Introduction

Hypospadias is the second most common malformation of
the male genitalia. It consists of congenital hypoplasia of the
ventral face of the penis, with displacement of the urethral
opening, disjunction of the corpus spongiosum, a dorsal
hooded foreskin, and, in some cases, ventral chordee. A
multifactorial pathophysiology has been proposed, including genetic and environmental causes [1,2], to explain this
undermasculinization of the fetus. Mutations of the many
genes implicated in male sex development have been
described, regardless of phenotype severity [3–5]. However,
the majority of hypospadias cases do not exhibit genetic
variants with functional consequences, and large studies
have called into question the impact of these variants [6].
The increasing incidence of hypospadias in certain
regions or time periods [7,8] has led to the suspicion that
environmental chemicals may be detrimental to male
genital development during fetal life, even though
the findings are not generalizable [9]. According to the
theory of testicular dysgenesis syndrome [10], fetal
exposure to xenoestrogens suppresses testosterone production and action and/or androgen receptor (AR) expression [11], thereby causing neonatal genital malformation and
long-term effects, including decreased spermatogenesis.
Wildlife observations [12], experimental exposure to diethylstilbestrol (DES), which is a xenoestrogen model in
mammals, and experimental in vitro data have suggested
that manmade chemicals may interfere with androgendependent sex differentiation of the male fetus [13]. Some
8% of all known chemicals exhibit antiandrogen activity
[14] and their widespread use has prompted the suspicion
that endocrine-disrupting chemicals (EDCs) are a potential
cause of hypospadias. Whether results from in vitro and
animal experiments can be transposed to human pathology
is questionable, and the key issue to be resolved is whether
the real level of EDC exposure is sufficient to induce
hypospadias in boys [15].
Recent studies by our group reported an association
between genital disorders and environmental exposure to
EDCs. For example, it was found that the prevalence of
micropenis was higher in French regions with intensive
pesticide use [16] and that male disorders of sexual

development were more frequent in boys born to parents
with occupational exposure to pesticides [17]. Increased
serum estrogenic bioactivity may be a marker of exposure
to pollutants [18], with clinical repercussions for both
genital development [19] and puberty [20]. Exposure to
medications with estrogenic activity such as DES can also
lead to genital malformation [21].
Discrepancies among epidemiologic studies should
nevertheless be noted [22,23]. For example, studies of
occupations that expose workers to pesticides—one of the
EDC classes most investigated in hypospadias—show
contradictory results. Some authors have shown that
farmers have a higher risk of giving birth to a boy with
hypospadias [24], whereas others show no association
with maternal exposure to pesticides [25]. Measurement of
pesticide concentrations in maternal serum [26] and
investigation of residential proximity to pesticide applications [27] have not helped to resolve these discrepancies.
Many studies have focused on other professions, including
the leather, automotive, and metal industries, as well as
hairdressing, and have shown potential confounding
factors at best or even completely contradictory results.
The surrounding home environment has been also evaluated
[28]. The prevalence of hypospadias seems to be higher in
areas with intensive agriculture [29], but the increasing level
of potential contaminants in maternal serum has not reached
significance [30,31]. These results may be explained by the
complexity of the mechanisms of action of xenoestrogens,
the highly effective metabolites of EDCs, or the cocktail
effects of hundreds of EDCs.
Most studies have also been retrospective and based on
data banks with limited clinical details and sometimes
wide variability in phenotypes and nonhomogeneous
cohorts. Ethnic pair-based comparison groups that are
representative of the population from which cases
are derived are often missing, as is concomitant genetic
testing to rule out genetic causes, making it difficult to
draw conclusions. To address these issues, this multicenter
prospective phenotype-specific study was performed in an
area of France with the highest national rate of hypospadias
surgery [32]. The study focused on patients with strictly
isolated hypospadias after excluding the most frequent
genetic defects.
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2.

Patients and methods

2.1.

Patients

A total of 408 boys presenting with isolated hypospadias (no micropenis,
no cryptorchidism) were included prospectively (newborn to 12 yr).
Clinical diagnosis was made via direct clinical examination by a pediatric
urologist and/or pediatric endocrinologist. The location of the urethral

Most of the children, both cases and controls, were born
after 37 wk of amenorrhea, but prematurity was more
frequent in hypospadiac boys (21% vs 12%, p = 0.006).
Intrauterine growth retardation (defined as birth weight
less than two standard deviations) was not significantly
different between the two groups (14% vs 12%) when
adjusted by gestation weeks. The rates of twin pregnancy
(5.3% vs 6%, p = 1) was similar.

meatus ranged from glandular to perineal hypospadias (glandular and
penile anterior n = 283, midshaft n = 91, penile posterior n = 26, penoscrotal and perineal n = 8). The level of division of the corpus spongiosum—
which is more reliable for assessing hypospadias severity and is assessed
only during degloving of the penis at the time of surgical correction—was
not used for classiﬁcation because some of the patients with an anterior or
glandular meatus had not undergone surgery. The length of the penis was
measured on the dorsal face from the base of the corpus cavernosum to the
top of the stretched penis.
A total of 302 normal boys (no congenital malformation; no
urological, genital, or nephrological pathology; no inguinal hernia; no
endocrine disease) were included. The reasons for hospitalization were
mainly acute appendicitis, idiopathic intussusception, minor abdominal
trauma, and pyloric stenosis. Cases and controls were matched for ethnic
origin, with Caucasians accounting for 75.9% of the cases, Arabs 19%,
Africans 2.2%, and others 2.9%.
The study was approved by the Institutional Review Board (Centre de
Protection des Personnes Sud Méditerannée 4, CPPSMIV, ID RCB 2008A00781-54) and written consent was obtained from all parents.

2.2.

3.2.

Fetal exposure to EDCs during pregnancy

Fetal exposure to EDCs was defined as exposures for which
the fetus was exposed through the mother across the
three trimesters of pregnancy. This included occupational
and/or professional exposure. The results are presented
in Table 1. Overall, fetal exposure to EDCs was more frequent
in pregnancies that led to the birth of hypospadiac sons
(40.00% vs 17.55%), with an odds ratio (OR) of 3.13
(95% confidence interval [CI] 2.11–4.65). The substances to
which fetuses were exposed were paints/solvents/adhesives
(16.00%), detergents (11.00%), pesticides (9.00%), cosmetics
(5.67%), and other industrial chemicals (4.00%) including
metals, polycyclic aromatic hydrocarbons, and herbicides
(0.67%). It is notable that most of these exposures occurred
around the window of genital differentiation, mainly in the
first trimester (78% of all exposures).

Evaluation of environmental exposure
3.3.

Maternal and paternal professions

Maternal and paternal occupational and professional exposures to
EDCs were evaluated using a standardized questionnaire based on the
previously used European questionnaire QLK4-1999-01422 in simpliﬁed
form and a previously validated job-exposure matrix for EDCs [33,34]. The
questionnaire was ﬁlled out directly by the surgeon or endocrinologist and
not by the parents themselves to limit bias. We collected information on

Maternal and paternal professions with potential for EDC
exposure were taken from the validated job-exposure
matrix published by Van Tongeren et al [33,34]. The list
of jobs encountered in our series is presented in the

the type of exposure, the type of products, the timing of exposure during
pregnancy, the frequency of product use, any concomitant exposure
through medication during pregnancy, and previous exposure to DES for
mothers and grandmothers. Only repeated exposure was taken into
account. The jobs of both parents were recorded. For the mother, exposure
data were detailed for the three trimesters of pregnancy. For the father,

Table 1 – Fetal exposure to endocrine-disrupting chemicals (EDCs)
during pregnancy
Exposure

Group, n (%)

Odds ratio

jobs around the time of fertilization and 1 yr before were noted.
Hypospadias
(n = 300)

Environmental exposure was estimated by geocoding through the zip code
at the time of pregnancy, and the types of surrounding hazards and
distance to them were determined.
Additional methods, including sequencing methods for AR, SRD5A2,
and MAMLD1 genes, are presented in the Supplementary material.

3.

Results

A total of 108 familial forms with vertical transmission or
mutations were identified and these patients were excluded
from the study. Thus, 300 patients and 302 controls were
finally compared. Missing data were less than 3.3%.
3.1.

Overall description of the population

Regarding the severity of phenotype, hypospadias was
isolated in all cases, with a glandular or penile anterior
meatus in 70% (n = 210), a penile midshaft meatus in 21.7%
(n = 65), a penile posterior meatus in 6% (n = 18), and a scrotal
meatus in 2.3% (n = 7) of cases.

Any EDC
Exposure
No exposure
Paints/solvents
Exposure
No exposure
Detergents
Exposure
No exposure
Pesticides
Exposure
No exposure
Cosmetics
Exposure
No exposure
Other industrial
Exposure
No exposure
Herbicides
Exposure
No exposure

Control
(n = 302)

(95% CI)

120 (40.00)
180 (60.00)

53 (17.55)
249 (82.45)

3.13 (2.11–4.65)

48 (16.00)
252 (84.00)

15 (4.97)
287 (95.03)

3.63 (1.94–7.17)

33 (11.00)
267 (89.00)

17 (5.63)
285 (94.37)

2.05 (1.08–4.02)

27 (9.00)
273 (91.00)

13 (4.30)
289 (95.70)

2.20 (1.07–4.74)

17 (5.67)
283 (94.33)
chemicals
12 (4.00)
288 (96.00)

7 (2.32)
295 (97.68)

2.53 (0.98–7.32)

6 (1.99)
296 (98.01)

2.05 (0.70–6.76)

2 (0.67)
298 (99.33)

2 (0.66)
300 (99.34)

1.00 (0.07–13.97)
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Supplementary material. Jobs with EDC exposure were
more frequently performed by the mothers of hypospadiac
boys than control boys (19.73% vs 10.26%, p = 0.0019; Fig. 1).
In descending order of frequency, the mothers of hypospadiac boys were cleaners, hairdressers, beauticians, and
laboratory workers. Similarly, paternal job exposure around

(A)

the time of fertilization was more frequent in the cases of
hypospadias (40.13% vs 27.48%, p = 0.02; Fig. 1).
In descending order of frequency, the fathers exposed to
EDCs having hypospadiac boys were agricultural workers,
laboratory technicians, domestic cleaners, mechanics and
painters. When we combined the data to examine the

Hypospadias

Controls
10.26% (n = 31)

19.73% (n = 59)

89.73% (n = 271)

80.26% (n = 240)

1171

1211

5323

5419

(B)

2111
6113

3111
6221

3112
6222

3312
9224

3434
9233

Hypospadias

5119
9245

5249
no

Controls
27.48% (n = 83)

40.13% (n = 120)

72.52% (n = 219)

59.87% (n = 179)

1171
2215
3312
5215
5241
5315
6139
8116
8218
9233

1211
3111
3434
5231
5249
5322
6221
8125
8222
no

1212
3213
5113
5232
5313
5323
8112
8142
9132

2111
3311
5119
5234
5314
5422
8113
8211/8213/8214/8215
9224

Fig. 1 – Distribution of (A) maternal and (B) paternal professions for the hypospadias and control groups. The light orange area represents jobs with no
exposure. Colored areas represent jobs with exposure. Numbers refer to the matrix of Van Tongeren et al [33,34]. Mother’s job, p = 0.0019; father’s job, p = 0.02.
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Table 2 – Substances corresponding to jobs with exposure for mothers and fathers

a

Professional exposure, n (%)
Maternal
Hypospadias
Polyaromatic hydrocarbons
Polychlorinated compounds
Pesticides
Phthalates
Organic solvents
Bisphenol A
Alkylphenolic compounds
Flame retardants
Metals
Miscellaneous

–
–
7
11
47
–
38
–
7
10

Paternal
Control
1
–
6
8
25
–
24
–
5
5

(2.33)
(3.67)
(15.67)
(64.41)
(12.67)
(3.33)

Hypospadias

(0.33)

23
–
24
33
65
1
26
2
52
2

(1.99)
(2.65)
(8.28)
(7.95)
(1.66)
(1.66)

Control

(7.67)

21
–
19
14
39
–
17
–
44
–

(8.00)
(11.00)
(21.67)
(0.33)
(8.67)
(0.67)
(17.33)
(0.67)

(7.00)
(6.33)
(4.67)
(13.00)
(5.67)
(14.67)

a
Sums may exceed 100% since a job may involve exposure to several chemicals. Correspondence between the type of job and the exposure was established
using the data reported by Van Tongeren et al [33,34].

concomitant job exposure of both parents, we found that
maternal exposure was the main risk factor, with no clear
cumulative effect (Supplementary material).
Each profession exposed the parent to a specific cocktail of
chemical substances. On the basis of previous studies, we
determined the types of chemicals to which the mothers and
fathers were exposed. The main substances were organic
solvents and alkylphenolic compounds for mothers, and
organic solvents, alkylphenolic compounds, and phthalates
for fathers (Table 2).
3.4.

Environmental exposure during pregnancy

Industrial areas, incinerators, and waste areas were more
frequently encountered within a 3-km radius for mothers of
hypospadiac boys (13.29% vs 6.64%, p < 0.00005; Table 3).
The south of France is an area of extensive agriculture, at
the crossroads of wine, rice, and fruit production. This type
of exposure was thus tested after exclusion of agriculture
workers. An area with intensive agriculture was more
frequently present within a 3-km radius for mothers of
hypospadiac boys (19.44% vs 14.78%, p = 0.0137). We tested
whether proximity to environmental hazards of any type
differed between cases and controls. In addition to being
more frequent, the source of potentially contaminated areas
was closer for hypospadiac boys than for controls: the mean
distance from the source was 1.29 km for cases (variance
1.6) and 1.63 km for controls (variance 1.65; p = 0.0026,
Supplementary material).
No exposure

Environmental
exposure

OR = 1.84
(95% CI 1.14–2.95)

Table 3 – Comparison of the presence of an industrial area,
incinerator, waste area, or intensive agriculture within a 3-km
radius around the residence of pregnant women
Group, n (%)
Hypospadias

p value
Control

Industrial area, incinerator, or waste area
220 (36.54)
262 (43.52)
No
80 (13.29)
40 (6.64)
Yes
Intensive agriculture
183 (30.40)
213 (35.38)
No
Yes
117 (19.44)
89 (14.78)
Industrial area, incinerator, or waste area + agriculture
263 (43.69)
286 (47.51)
No
Yes
37 (6.15)
16 (2.66)

3.5.

<0.00005

0.0137

<0.0023

Combination of all exposures

Although all types of EDC exposure are not comparable, they
may have cumulative dose- and time-related effects. Figure 2
summarizes ORs for cases of accumulated types of exposure.
The association of maternal occupational and environmental
exposures showed the highest risk of hypospadias occurrence.
We did not identify a significant seasonal variation in
birth for hypospadias. The severity of phenotypes did not
differ according to EDC exposures (Supplementary material).
ART was not more frequent for parents of hypospadiac boys
than for control parents (6% vs 6.9%, p = 0.66). It is suspected
that ART, especially in vitro fertilization, contributes to the
Occupational exposure of the
mother
+ environmental exposure

OR = 5.98
(95% CI 1.94–18.41)

OR = 10.99 (95% CI 3.62–33.36)
Fig. 2 – Effect of cumulative exposures according to multivariate analysis. OR = odds ratio; CI = confidence interval.
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occurrence of hypospadias, but the size of our series did not
allow us to confirm these data or to evaluate precisely the
effects of each type of ART.
4.

Discussion

Despite some experimental evidence, demonstration that
EDCs cause hypospadias remains a great challenge since
EDCs are ubiquitous and are present in variable mixtures, and
their effects are time-dependent and sometimes tenuous or
hard to detect. Only rigorous epidemiologic studies can
overcome such problems. In most of the previous studies, the
series included variable phenotypes with patients extracted
from registers, patient inclusion was not prospective, the
focus was on one or a limited number of EDCs, control groups
were not always included, and genetic causes of hypospadias
were not excluded.
The present study was designed to limit these biases. (1)
The phenotype was limited to isolated hypospadias without
micropenis or cryptorchidism to ensure the most homogeneous group possible. (2) The population was prospectively
enrolled; patients were included after clinical examination
by a pediatric urologist and/or a pediatric endocrinologist.
(3) The main genetic causes, as well as familial cases
with vertical transmission, were excluded after systematic
sequencing of the candidate genes reported to be potentially
mutated in hypospadias (AR, SRD5A2, and MAMLD1). It should
be noted that this selection removed more than 25% of the
patients initially included that would have easily falsified the
results of the study. Nevertheless, the presence of some
exceptional genetic defects such as NR5A1 mutation cannot
be totally excluded [35]. (4) The quality of the control group
was also a key point. Control group members were not
drawn from a data bank but were enrolled after a clinical
examination of the genitals and were excluded if there was
any endocrine or urinary disease or hernia that could be
associated with hypospadias. Given the variation in hypospadias prevalence over time and space [36], matching for
ethnic background and sampling from the same geographic
areas ensured that the controls were representative of the
population from which the cases were derived. (5) All
potential sources of exposure were sought and we did not
focus on any one candidate job, occupation, or substance.
We found that fetal exposure to EDCs was a significant risk
factor for hypospadias in our series (OR 3.8). The types of
substance having an impact on the phenotype were heterogeneous, but detergents, pesticides, and cosmetics accounted
for 75% of the cases. This finding agrees with previous studies,
and our OR is in the high range of data from the literature
[11]. This may be explained by the cumulative effect of various
substances, as our questionnaire did not focus on a limited
number of EDCs or professional activities.
In addition to confirming fetal EDC exposure as a risk
factor, the study yields other results of clinical interest.
Painters, farmers, and chemists are thought to be highly
exposed to EDCs and numerous studies have focused on
these professions. However, other jobs that may appear to
be benign in fact carry risks. For instance, domestic cleaning
seems to have been overlooked in the literature, yet it was

the job with an exposure risk most frequently held by the
mothers of hypospadiac boys in our series. Moreover,
domestic cleaning seems likely to expose workers to a
number of aggravating factors. The domestic cleaners in this
study often did not protect themselves with gloves and a
mask, had no occupational physician assigned for medical
follow-up, and were exposed to multiple EDCs as opposed
to a single one over entire work sessions. This observation
suggests that future studies should widen the scope of what
constitutes an at-risk profession.
Another clinical point is the finding that no specific
phenotype indicated environmental exposure. The suspicion
has been that genetic defects are more frequently found in
patients with severe hypospadias and that environmental
EDCs induce only minor hypospadias. Our study does not
confirm this hypothesis, and environmental exposure to
EDCs was associated with a wide range of severity for
malformations. EDCs do not show a linear dose-effect
relationship and their effect may depend on many factors
[37]: the window of exposure during fetal life, the half-life
and kinetics of the contaminant, its storage in the placenta
and the mother’s body fat, the effects of its metabolites,
individual genetic susceptibility, and the various mechanisms of genital differentiation that are disturbed, sometimes
at multiple levels. Therefore, neither the severity of hypospadias nor the size of the penis according to age differed
between exposed and nonexposed cases. A dose-response
effect cannot necessarily be assumed: low doses may exert
even more potent effects than higher doses [38] and EDCs
may result in nontraditional dose-response curves [39].
Our results raise two points of pathophysiologic interest.
The first concerns the cumulative effect of various types of
exposure. Environmental exposure alone was a risk factor
(OR 1.8), but concomitant exposure to professional,
occupational, and environmental EDCs significantly increased the OR. To the best of our knowledge, such a
cumulative effect has never been reported for hypospadias,
but it might correspond to the known experimental effect of
a substance cocktail. Low-dose chemical mixtures have an
effect in animals [40] and even though some substances
alone do not produce an adverse effect, a cocktail of these
substances results in a high frequency of genital malformations in offspring [41]. Similarly, a cocktail effect has been
suspected in the occurrence of cryptorchidism in humans
[42–44]. Contamination of environments is rarely due to a
single compound according to the Endocrine Society
Scientific Statement on EDCs [38], and the effects of
different classes of EDCs may be additive or even synergistic
[45]. Assessing the risk of EDCs should no longer be done on
a chemical-by-chemical basis, and our work does not
support such an approach. The joint actions of multiple
substances at different levels of the androgen signaling
pathway may be more harmful than chemicals that disrupt
a narrowly defined molecular mechanism.
The second pathophysiologic point highlighted by our
results is the role of paternal exposure. The notion that
paternal EDC exposure is a risk factor for hypospadias has
already been discussed, and a meta-analysis demonstrated
that occupational exposure to pesticides moderately
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increases the risk (OR 1.2) [46]. Paternal exposure to
biphenolic compounds has also been suspected as a risk
factor, but the effect did not reach significance [46]. In the
present study, paternal exposure to EDCs was a weaker risk
factor than maternal exposure. Nevertheless, paternal workrelated exposure around the time of fertilization was more
frequent in cases of hypospadias. The most frequent jobs of
fathers of hypospadiac boys around the time of fertilization
(agricultural workers, laboratory technicians, domestic
cleaners, car mechanics, and painters) exposed them to
solvents, detergents, and pesticides, and ultimately sum up
with exposure due to the mothers’ jobs. The mechanism by
which paternal exposure plays a role remains to be
elucidated. It could be maternal cross-exposure through
seminal fluid [46] or an epigenetic mechanism; modifications in DNA methylation and histone acetylation for
paternal gametes may modify the regulation of gene
expression [47].
Quantification of exposure to all EDCs in our daily
environment remains challenging. For instance, it is well
known that substantial contamination can arise from
cleaning products (parabens), wall and table paints (pesticides), and rugs, carpeting, curtains, and armchairs (flame
retardants). Such contamination may not be negligible
and these sources should be considered as secondary risk
factors for higher environmental risk. Unfortunately, quantification of exposure to these ubiquitous EDCs is particularly
difficult and the use of questionnaires may not be reliable
enough. Exhaustive dosage calculations for thousands of
EDCs at the time of the exposure (during the first trimester of
gestation) would provide more objective information about
the level of this hidden contamination, but this approach is
unrealistic.
5.

Conclusions

This multicenter prospective controlled study with a very
homogeneous cohort of hypospadiac boys screened for AR,
SRD5A2, and MAMLD1 mutations strongly suggests that EDCs
through occupational, professional, and environmental
exposure during fetal life are a risk factor for hypospadias.
It further suggests that the association of various exposures
of both the mother and father may interfere with the
genital development of the male fetus. The effect may
not be a simple on/off mechanism but rather a continuum
leading to more or less severe malformation. At the individual
level, the exact part due to EDC in the occurrence of the
malformation remains imprecise: individual differences in
exposure to known and unknown substances, metabolism,
body composition and genetic susceptibility make the
half-life and effects of EDCs highly variable. The potential
latency between EDC exposure and the occurrence of
hypospadias and the role of chronic exposure to EDCs mean
that establishing a direct causal relationship in a given
individual is highly complex.
This work was previously presented at the American
Urological Association annual meeting, San Diego, May
2013, and the European Society of Pediatric Endocrinology
conference, Dublin, September 2014.
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