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 Abstract: The male reproductive system is exposed to a great number of chemical substances which 

can interfere with the normal hormonal milieu and reproductive function; these are called endocrine 

disruptors (EDs). Despite a growing number of studies evaluating the negative effects of EDs, their 

production is continuously growing although some of them have been prohibited. The prevalence of 

poor semen quality, hypospadias, cryptorchidism, and testicular cancer has increased in the last dec-

ades, and recently, it has been postulated that these could all be part of a unique syndrome called tes-

ticular dysgenesis syndrome. This syndrome could be related to exposure to a number of EDs which 

cause imbalances in the hormonal milieu and oestrogenic over-exposure during the foetal stage. The 

same EDs can also impair spermatogenesis in offspring and have epigenetic effects. Although stud-

ies on animal and in vitro models have raised concerns, data are conflicting. However, these studies 

must be considered as the basis for future research to promote male reproductive health. 
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1. INTRODUCTION 

1.1. The Male Reproductive System and Endocrine Dis-
ruptors 

 According to the definition by World Health Organiza-
tion (WHO), Endocrine Disruptors (EDs) are exogenous 
substances or mixtures which can alter the function of the 
endocrine system and cause adverse effects in an intact or-
ganism or its progeny. In 1996, Kavlock defined EDs as 
exogenous agents affecting the synthesis, secretion, 
transport, metabolism, binding action, or elimination of nat-
ural blood-borne hormones which are present in the body 
and are responsible for homeostasis, reproduction, and de-
velopmental process [1]. This has also been recently con-
firmed by the Endocrine Society [2]. 

 These two definitions underline the fact that EDs have 
negative effects which can be inherited; they can also act on 
different targets through a variety of mechanisms. 

 Over the past few decades, exposure to EDs has become 
a significant public health concern, as these compounds are 
ubiquitous in the environment, and their uptake may occur 
via different routes, including dermal contact, ingestion (of 
contaminated food or beverages), and inhalation (Table 1). 
EDs can also be transferred to the foetus via the placental 
route and may be detected in maternal milk.  

 Since the 1990s, the number of observations reporting 
the increase of male reproductive disorders has been in-
creased, leading the scientific community to hypothesize 
that exposure to EDs during all ages of a man’s lifetime  
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(from the neonatal period to adulthood) can play a role in 
perturbing normal growth and development, as well as re-
productive function. The list of conditions influenced by 
EDs includes infertility, testicular germ cell cancer, and 
congenital developmental defects, such as hypospadias and 
cryptorchidism. 

 Despite several in vitro or animal models confirming the 
toxic effects of EDs, observations in humans are still con-
troversial, given the significant number of biases, such as 
age, duration of exposure, different genetic background, and 
above all, the lack of standardised research protocols. The 
purpose of this article is to review EDs’ effects on the path-
ogenesis of disease affecting the male reproductive system 
during the various phases of man’s life, and their actions, 
concerning also epigenetic and transgenerational mecha-
nisms. 

1.2. Male Gonadal Development 

 Male gonads begin their development early during the 
embryogenic phase by differentiating testis from a bipoten-
tial gonad. The activation of the sex-determining region Y 
(SRY) in the Y chromosome during the sixth gestational 
week induces the formation of the testes [3, 4]. As a result, 
Sertoli cells begin secreting the anti-Mullerian hormone 
(AMH), which induces the regression of the paramesoneph-
ric or Mullerian ducts. At the same time, Leydig cells start 
producing the testosterone (T) responsible for the mainte-
nance of Mesonephric ducts (Wolffian ducts) and their dif-
ferentiation into the epididymis, seminal vesicles, vas def-
erens, and ejaculatory ducts [5]. After the 10th week of ges-
tation, dihydrotestosterone (DHT) finally promotes the for-
mation of the external genitalia, penis, prostate gland, scro-
tum, and urethra. 
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 Male puberty is conditioned by the activation of the hy-
pothalamus-pituitary-testis axis by hypothalamic kisspeptin-
secreting neurons. This stage is characterised by a signifi-
cant increase in pituitary luteinizing hormone (LH), follicu-
lar stimulating hormone (FSH), testicular T, and inhibin B 
levels and by the beginning of spermatozoa production. T 
production is also responsible for the development and 
maintenance of secondary sexual features.  

 In adult men, the maintenance of the normal spermato-
genesis depends on testicular descent to the scrotum, which 
occurs through the action of insulin-like factor 3 (INSL3) 
produced by Leydig cells [6]. 

 Any genetic imbalance and/or hormonal deregulation 
could lead to abnormalities of sex differentiation, ranging 
from very mild (hypospadias, cryptorchidism and reduced 
sperm production) to very severe (i.e., the presence of fe-

male genitalia) forms. As a consequence, these early ab-
normalities could have a negative impact on reproductive 
health and function during adulthood. 

1.3. Testicular Dysgenesis Syndrome (TDS) 

 The rates of prevalence of hypospadias, cryptorchidism, 
and testicular cancer have increased during the last decades, 
while sperm concentration has generally decreased [7]. 
Skakkebaek et al. [8] hypothesised that poor semen quality, 
testicular cancer, cryptorchidism, and hypospadias are sym-
ptoms of a single underlying entity, which they called tes-
ticular dysgenesis syndrome (TDS). In addition, they hy-
pothesised that an imbalance between oestrogenic and an-
drogenic exposure during foetal life might be a crucial path-
ogenetic factor characterising this syndrome. The ‘oestrogen 
hypothesis’ argues that increased oestrogen exposure during 

Table 1. Characteristics of main EDs. 

ED Sources Targets Exposure Half Life Chemical Structure 

Atrazine 
Pesticides,  

herbicides 

Endocrine system, 

nervous system, liver 

Inhalation and 

ingestion 
10-12 hrs 

 

Bisphenol A 
Plastics, epoxy 

resins 

Endocrine system, 

nervous system 

Inhalation, cuta-

neous absorption, 

ingestion 

4-6 hrs 

 

Dichlorodiphenyl 

trichloroethane 

Contamined 

water, conta-

mined crops and 

fish 

Central and peripheral 

nervous system, Liver, 

Kidney, Carcinogene-

sis 

Inhalation, cuta-

neous absorption, 

ingestion 

6-10 yrs 

 

Polychlorobiphenyls 
Air, food, skin 

contact 

Central and peripheral 

nervous system, Kid-

ney, endocrine sys-

tem, stomach 

Inhalation, cuta-

neous absorption, 

ingestion 

12-12 days 

 

Phtalates 

Food, PVC, 

plastics, medical 

devices, personal 

care products 

Liver, Obesogen, 

reproductiv system, 

effects on develop-

ment, asthma, cancer-

ogenic 

Inhalation, cuta-

neous absorption, 

ingestion 

12 hrs 

 

Perfluorooctanoic 

acid 

Contamined 

water, foodfloor 

waxes, electric 

wiring, food 

wrappers 

Carcinogenic, liver, 

mammary gland, 

thyroid, reproductive 

system, immune sys-

tem 

Ingestion, Inhala-

tion 
2-4 yrs 
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uterine life may be related to reproductive abnormalities in 
human males [9]. This hypothesis has been expanded to 
include EDs, which can disrupt the hormonal balance of the 
foetus and alter its sexual differentiation by causing either 
an oestrogenic or an antiandrogenic effect [10]. In addition, 
any genetic mutation affecting androgen production or any 
other hormonal deregulation may also lead to the develop-
ment of TDS (Fig. 1). TDS likely has a multifactorial origin, 
in which EDs could play a relevant role. 

2. MECHANISMS OF ACTION OF EDS 

 Most EDs are similar to endogenous hormones and act at 
lower concentrations compared to endogenous hormones. 
EDs can activate the same hormonal receptors and signal-
ling pathways, act via transcriptional co-activators, and alter 
the normal epigenetic programming in cells, ultimately de-
termining DNA methylation and histone modifications. In 
addition, EDs can act through non-steroid receptors, altering 
steroid biosynthesis or degradation and transcriptional co-
activators [11]. Men, rather than women, are more prone to 
the negative effects of EDs since most EDs are able to mim-
ic oestrogenic or antiandrogenic activity [12, 13]. In some 
cases, the actions of EDs are even more complex, as some 
EDs can act as oestrogen agonists, while their metabolites 
have antiandrogenic effects (e.g., dichlorodiphenyl trichlo-
roethane -DDT) [14]. 

2.1. Oestrogen Hypothesis 

 Evidence supporting the oestrogen hypothesis is derived 
from animal and human observations. 

 The synthetic oestrogenic drug diethylstilbesterol (DES) 
has been prescribed to more than 5 million pregnant women 
for about 30 years to prevent miscarriage and pregnancy-
related complications. Maternal intake of DES during early 
pregnancy was shown to cause an increased incidence of 
malformations of the testes, such as the epididymal cysts, 
and impaired sperm quality in the offspring [15]. Recent 
data have also demonstrated that prenatal exposure to DES 
increases the risk of male urogenital abnormalities [16]. 

 Bisphenol A (BPA) is used in different industrial pro-
cesses for the production of polycarbonates and epoxy res-
ins; this is an environmental oestrogen-like chemical sub-
stance with weak oestrogenic activity [17]. Prolonged expo-
sure to high BPA concentrations can lead to male infertility 
in association with the corresponding elevations of prolactin 
(PRL), oestradiol (E2), and sex hormone-binding globulin 
(SHBG) levels [18]. BPA can also disrupt spermatogenesis 
and is negatively associated with sperm concentration, total 
sperm count, and increased sperm DNA damage, resulting 
in male infertility [19, 20].  

2.2. Anti-Androgen Hypothesis  

 The anti-androgen hypothesis mainly derives from stud-
ies on phthalates, substances that are able to downregulate 
the expression of androgen synthetic genes and INSL3 or 
directly inhibit steroidogenic enzymes. When phthalates, 
such as di(2-ethylhexyl) phthalate (DEHP), benzyl butyl 
phthalate (BBP), and diisononyl phthalate (DINP), are ad-
ministered to the mother during pregnancy, they can induce 

 

Fig. (1). Schematic representation of pathogenesis and clinical manifestations of Testicular Dysgenesis Syndrome (Modified from 

METABOLISM, Volume 86, September 2018 , pgs. 79-90, Lymperi, S.; and Giwercman, A. “Endocrine disruptors and testicular function”. 

With permission of Elsevier inc.) (A higher resolution/colour version of this figure is available in the electronic copy of the article). 



4    Endocrine, Metabolic & Immune Disorders - Drug Targets, XXXX, Vol. XX, No. XX Schiesaro et al. 

malformations of the foetal reproductive tract [21] through 
the alteration of all aspects of androgen-regulated male re-
productive endpoints. 

 Di-n-butyl phthalate (DBP) is a phthalate ester mainly 
used in plastic products. Exposure to DBP during sexual 
differentiation alters both testicular weight and testosterone 
levels [22]. Male rats exposed to DBP in utero show reduc-
tion in the anogenital distance (AGD), cryptorchidism, hy-
pospermatogenesis, hypospadias, and abnormalities in re-
productive organs, also observed in human cases of TDS 
[23]. 

 These postnatal changes are due to the reduction of tes-
tosterone and INSL3 mRNA in the foetal testis [24], as well 
as due to the modifications of the genes encoding steroido-
genic proteins in foetal Leydig cells [25]. 

 DBP might reduce T levels by altering T synthesis in the 
testis during foetal development, rather than through the 
direct involvement of the androgen receptor (AR). As a re-
sult, a reduction in T level may lead to the development of 
TDS symptoms [21]. 

 DINP is a synthetic substitute for other plasticizers used 
for vinyl floor tiles, vinyl foams and carpet backing, whose 
use has been prohibited due to its toxicity. DINP is able to 
suppress foetal T levels in prenatally exposed male rats. 
Moreover, the in-utero exposure to DINP affects the expres-
sion of some steroidogenic genes in foetal Leydig cells, 
gonocyte multinucleation, and Leydig cell aggregation [26]. 
Human subjects are mostly exposed to BBP via ingestion; 
the estimated adult intake is approximately 2 μg/kg/day, 
while it can be up to three times higher in infants and chil-
dren [27]. Exposure to BBP during pregnancy affects the 
development of the reproductive system in male offspring 
[28], determining a decrease in testis size and a reduction in 
sperm production [29], but also affecting steroidogenesis in 
adult rats [30]. 

 Consequently, Hu et al. claimed that prenatal exposure 
to phthalates might affect Leydig cell function in the postna-
tal testis, leading to the development of TDS [31]. 

2.3. Epigenetic Mechanisms and Transgenerational Ac-
tions of EDCs 

 Epigenetics is the science studying the influence of the 
environment on the genetic heritage without inducing modi-
fication in DNA sequence. 

 EDs can influence human genome expression through 
epigenetic mutations, such as changes in DNA methylation, 
histone proteins, and non-coding RNAs [32], mechanisms 
that can affect the cell phenotype. Epigenetics also regulates 
the expression of silencing genes, as a consequence of expo-
sure to the environment, allowing cells adaptation to exter-
nal stressors. 

 If germ cells are exposed to EDs inducing epigenetic 
manipulations, the resulting changes can be inherited in sub-
sequent generations which are not in direct contact with the 
chemicals [33]. Specifically, if a female (F0 generation) is 
exposed to an ED during pregnancy, her offspring (F1 gen-
eration) will be directly exposed to the chemical during foe-
tal development; the subsequent generation (F2 generation) 

inherits the effect through F1 germ cells. The influence of 
EDs on the F1 and F2 generation is therefore considered 
multigenerational or intergenerational. Conversely, the F3 
generation carries epigenetic effects even if not directly ex-
posed to EDs; this is considered a transgenerational inher-
itance [34, 35]. On the other hand, if a male (F0) or a non-
pregnant female (F0) are exposed to EDs manipulation, the 
subsequent generation (F1) will carry its effects through 
germ cells (multigenerational or intergenerational effects), 
while the effects on the F2 generation are considered 
transgenerational [34]. 

 Many transgenerational effects of EDs on the reproduc-
tive system, brain, and behaviour have been documented in 
animal models [32-34], revealing the EDs’ role in chromatin 
and epigenome damage in male spermatozoa and the conse-
quent poor semen quality and male infertility. Conversely, 
there is a lack of studies regarding humans [35, 36]. Major 
chemical compounds, such as pesticides and plasticizers, 
have an industrial and agricultural origin.  

 BPA is the most studied compound. Many in vitro and in 
vivo studies, both in animals and humans, have demonstrat-
ed that BPA can affect the reproductive endocrine system 
and spermatogenesis by inducing epigenetic changes. These 
effects on hormone secretion and sperm production and 
quality are thought to be responsible for TDS. 

 Hypermethylation of DNA methyltransferase 3 alpha 
gene (DNMT3A) and DNA methyltransferase 3 beta gene 
(DNMT3B) can affect hormonal milieu and spermatogene-
sis, as demonstrated in rats. Also, Hypermethylation of oes-
trogen receptor alfa and beta subunit, induced by BPA, has 
the same consequence in animal models [37]. When mice 
were treated with a flavonoid-based diet in order to neutral-
ise BPA-induced hypermethylation, a decrease in methyla-
tion of ERalfa was observed, related to a reduction in DNA 
methytransferase expression, contrasting BPA effects [38]. 

 In humans, dimethylation of Histone H3 on Lysine K4 
induces impairment of sperm motility, number and mito-
chondrial activity [39]. Interference in gene expression dur-
ing spermatogenesis related to DNA hydroxymethylation 
has been demonstrated in workers exposed to BPA (41 re-
views). BPA exposition causes an increase in 5-
hydroxymethylcytosine (5-hmc) of the Acetylcholinesterase 
(ACHE) gene in sperm cells, affecting male fertility [40]. 

 Diethylstilbesterol is a synthetic non-steroidal oestrogen 
that interferes with oestrogenic and androgenic balance in 
humans, targeting androgenic receptors in vitro. It has been 
used in animal industries as a growth factor and in medicine 
to prevent miscarriages between 1938 and 1971. It was 
demonstrated to be a cancerous substance, able to cross the 
placental barrier and cause cancer in the reproductive sys-
tems of the progenies, as well as infertility. Today, the drug 
has been withdrawn, except that it is being used to treat 
some forms of cancer. In men, it is associated with hypo-
plastic testis, epididymal cysts, cryptorchidism, and hypo-
spadias [32]. 

 Vinclozolin (VCZ) is a fungicide compound used in ag-
riculture since 1984, particularly to prevent plant disease in 
vineyards. It is known to be a possible human carcinogen, 
characterised by anti-androgen action [32, 33]. In animal 
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models, VCZ causes defects in spermatogenesis (reducing 
motility and numbers of spermatozoa) of the offspring if 
exposed during the foetal stage, particularly during embry-
onic sexual differentiation. Furthermore, its transgeneration-
al effect was specifically demonstrated up to the fourth gen-
eration [33, 35]. Studies on rats have also suggested the 
presence of transgenerational interferences in neuronal de-
velopment with repercussions on an individual’s psycholog-
ical health, including anxiety-related behaviours during 
adulthood [33]. 

 Atrazine (ATZ) is an herbicide used intensively in agri-
culture; it penetrates groundwater and causes water pollu-
tion. It has been correlated with the feminisation of the male 
gonads in vertebrates. ATZ induces transgenerational epige-
netic manipulations in animal studies; it influences male 
sperm count and meiosis defects in F3 mice generations. In 
F1 rat offspring, ATZ causes weight loss; in the F2 male 
generation, it further increases the occurrence of testis dis-
ease, early-onset puberty, and lower body weight; similar 
testis alterations were also found in the F3 male generation 
of rats [35]. 

3. HYPOSPADIAS  

 Hypospadias is a pathological congenital condition af-
fecting males, characterised by the presence of a distal ure-
thra opening on the ventral side of the penis, proximal to the 
anatomically correct location at the tip of the penile glans 
(Fig. 2). The aetiology of hypospadias is known in about 
30% of cases, and hypospadias is genetically determined; on 
the other hand, 70% of cases are of unknown origin. Hypo-
spadias is one of the most common congenital anomalies of 
the genitourinary system in the United States, occurring in 
approximately 1 out of 200-300 live births [41]. Recently, 
observations in animals have been able to describe the asso-
ciation between genetic mutations and hypospadias. Genetic 
mutations affecting the penile development, especially in-
volving genes encoding for fibroblast growth factor, home-
obox genes, sonic hedgehog, and testicular determination 

such as sex-determining region Y gene, are thought to be 
responsible for an altered testicular differentiation, T syn-
thesis, conversion of T to DHT, or AR action, ultimately 
leading to hypospadias [42]. 

 Oestrogens were the first chemicals to be studied in the 
context of maternal exposure and hypospadias. DES was 
administered during pregnancy to prevent miscarriage prior 
to evidence of its adverse health effects, especially carcino-
genetic effects. 

 In a U.S. cohort study, maternal DES exposure was re-
lated to a higher but not statistically significant increase in 
the risk of hypospadias in offspring, with 10 cases out of 
2,552 live births from mothers who were exposed and three 
cases among 1,336 live births from mothers who were not 
exposed [43]. 

 A case-control study enrolling 834 mothers with 251 
children affected by hypospadias observed that women ex-
posed to DES during pregnancy were about five times more 
likely to have infants with hypospadias [44]. In addition, 
epigenetic mechanisms have been proposed in light of the 
aforementioned association between maternal DES exposure 
during pregnancy and an increased prevalence of hypo-
spadias in the next two generations [45]. 

 Clomiphene, structurally similar to DES, is a selective 
oestrogen receptor (ER) modulator administered to improve 
fertility. A large population-based case-control survey from 
Denmark which used the national registry and pharmacy 
data observed no association between clomiphene exposure 
during pregnancy and hypospadias in offspring [46]. Anoth-
er study in the Netherlands made a distinction between se-
verity of hypospadias, namely severe (posterior) versus 
moderate (middle) and mild (anterior) hypospadias [47, 48]. 
In this study, an increased risk of posterior hypospadias was 
observed with clomiphene exposure (OR 6.1, 95% CI 1.40-
26.3) [49]. A U.S. study including 1,788 patients with 502 
cases of middle or posterior hypospadias found that proges-

 

Fig. (2). Clinical classification of Hypospadias. (A higher resolution/colour version of this figure is available in the electronic copy of the 

article). 
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tins used for fertility treatments increased the risk of hypo-
spadias (OR 3.7, 95% CI 2.3-6.0) [50]. 

 Oral contraceptive (OCP) usage in the first trimester of 
pregnancy has been investigated as a potential cause of hy-
pospadias. A Dutch case-control study (n = 1031 patients, 
with 405 cases of hypospadias) investigated OCP use during 
the first trimester of pregnancy as a cause of different de-
grees of hypospadias, specifically mild (anterior), moderate 
(middle), and severe (posterior) hypospadias. A substantial 
effect was observed for all forms of hypospadias (ORs rang-
ing from 3.8 to 11.5) [51]. On the contrary, no relationship 
between the use of OCP during early pregnancy and hypo-
spadias was found in two other larger studies [52]. 

 Since many EDs can act similarly on the abovemen-
tioned medical compounds, many studies have investigated 
their possible association with genital malformations. Since 
EDs can influence hormonal signalling pathways involved 
in foetal development, EDs with androgenic or anti-
androgenic activity are suspected to contribute to the devel-
opment of hypospadias.  

 Many observations conclude that mutations in the an-
drogen receptor gene are implicated in congenital hypo-
spadias, raising interest in compounds interacting with an-
drogen receptors as potential causes of hypospadias. 

 Industrial pesticides are among the most well-studied 
EDs, and there have been several occupational studies indi-
cating a potential link with hypospadias [53]. Four studies in 
different populations measured maternal serum levels of 
DDT and its metabolite dichlorodiphenyldichloroethylene 
(DDE) during pregnancy. They found no association be-
tween DDT or DDE and hypospadias [54-58]. A larger 
study (237 cases, 472 controls) found an increased risk of 
hypospadias among women with detectable serum DDE 
concentrations, whose levels reached the highest levels dur-
ing their 14th gestational week [59]. 

 Two studies investigated parental exposure to the pesti-
cide atrazine; the first found an association between ATZ  

and all forms of hypospadias, particularly for the middle and 
posterior hypospadias [60]; the second showed no correla-
tion between drinking water, ATZ exposure, and hypospadi-
as [58]. 

 Phthalates are almost ubiquitous in synthetic products 
and are considered non-persistent pollutants, given their 
short residence time in the environment and short half-lives 
(from hours to days) in the human body [61]. Pregnant 
women are often exposed to phthalates through the use of 
personal care products. Studies to quantify the exposure to 
phthalates are typically based on the urinary concentration 
of phthalate metabolites [62]. In a case-control study includ-
ing 80 cases and 80 controls, the authors evaluated the con-
centration of eight different phthalate metabolites in urine 
samples obtained from children with hypospadias and their 
mothers. Hypospadias was related to elevated levels of 
DEHP and of nonylphenol (n-NP) in the children’s urine 
samples. At the same time, no association was found be-
tween hypospadias in offspring and phthalates in the mater-
nal urine [63].  

4. CRYPTORCHIDISM 

 Cryptorchidism (Fig. 3) is one of the most common con-
genital disabilities, affecting 2-9% of boys. The testes typi-
cally descend to the scrotum before birth; if one or both do 
not descend, the condition is called congenital cryptorchid-
ism. Acquired cryptorchidism is a condition in which the 
testes assume a cryptorchid position after a full descent [64]. 

 Robust evidence supports the genetic aetiology of cryp-
torchidism. Various genetic defects in hormone synthesis 
and receptors, including INSL3, relaxin family peptide re-
ceptor 2 (RXFP2) gene, Homebox A10 gene (HOXA10), 
zinc finger protein 214 (ZNF214) gene and zinc finger pro-
tein 215 (ZNF215) gene, have been associated with cryptor-
chidism as part of a syndrome even if these defects have 
been rarely detected in patients without other genital ab-
normalities [65].  

 

Fig. (3). Testicular locations in normal position and in Cryptorchidism. (A higher resolution/colour version of this figure is available in the 

electronic copy of the article). 



The Male Reproductive System and Endocrine Disruptors Endocrine, Metabolic & Immune Disorders - Drug Targets, XXXX, Vol. XX, No. XX    7 

 Isolated cryptorchidism might be caused by mutations of 
the AMH gene or its receptor (AMHR2), hampering testicu-
lar descent [66, 67]. 

 Environmental factors acting as EDs of testicular de-
scent have been suggested to contribute to cryptorchidism 
and its increased incidence in recent years. The interaction 
of environmental and genetic factors is fundamental, justify-
ing a different inter-individual susceptibility. 

 Environmental compounds playing a role in cryptorchid-
ism mimic the action of hormones involved in testicular 
descent, acting as oestrogens or anti-androgens. Persistent 
pollutants, which are ingested by humans through the food 
of animal origin, phthalates, herbicides and fungicides, and 
other industrial chemicals, such as BPA, are among the EDs 
involved in cryptorchidism [68]. 

 The abovementioned ‘oestrogen hypothesis’ may also 
apply in this context: foetal oestrogen exposure could in-
duce cryptorchidism through mechanisms related to the 
suppression of gonadotropin secretion and the impairment 
of Leydig cell development, with inadequate T production 
as a result [9].  

 More recent studies have identified more plausible 
mechanisms related to the suppression of androgen produc-
tion, AR expression and INSL3 production [69]. Therefore, 
oestrogenic, anti-androgenic, and anti-INSL3 effects are 
linked to determine phenotypic expression. The link be-
tween the suppression of INSL3 production and cryptor-
chidism is likely the most accurately characterised mecha-
nism. Nevertheless, oestrogens affect the steroidogenic 
function of foetal Leydig, INSL3 expression and testicular 
descent via an ER-dependent mechanism [70]. 

 EDs with oestrogenic and/or anti-androgenic effects that 
might be involved in human cryptorchidism include 
phthalates, which act by impairing the production of testos-
terone by foetal Leydig cells [71], and BPA, which has oes-
trogenic and also oestrogen-independent effects [72].  

 In addition, exposure to oestrogens is magnified by pol-
ychlorinated biphenyls and polyhalogenated hydrocarbons, 
which can suppress the activity of sulfotransferase 
(SULT1E1), and thus, represents the most important mech-
anism of oestradiol inactivation and excretion [73]. Other 
routes of oestrogen exposure include milk, meat, and other 
dietary products containing higher amounts of oestrogens 
used as growth promoters and exposure to ethinyloestradiol 
via drinking recycled water [69]. It seems highly unlikely 
that human exposure to these substances could induce cryp-
torchidism [74]. 

5. TESTICULAR CANCER 

 A significant increase in the incidence of testicular germ 
cell cancer (TGCC) has been observed in the last decades 
[75, 76]. Although no direct association between EDs and 
TGCC has been established, many data suggest that EDs 
may play a significant role in the pathogenesis of TGCC. 

 TGCC represents 95% of testicular cancers and is 
thought to derive from a first lesion, called germ cell neo-
plasia in situ (GCNIS). This lesion derived from gonocytes  

may be present at birth and ultimately manifest during or 
after puberty [77]. The most frequent form of germ cell tu-
mor of the testicle is seminoma. Ethnicity plays an im-
portant role in TGCC development, as observed in Cauca-
sians and Africans, with the highest incidence seen in men 
of European descent living in the U.S. [76].  

 In Europe, substantial differences have been described in 
certain countries. In the Danish male population, there is a 
higher incidence of testicular cancer, higher prevalence of 
hypospadias and cryptorchidism, lower sperm count, small-
er testes, and lower inhibin B levels when compared to 
Finnish males. It is interesting to note that TGCC risk is 
lower in the first generation of people who migrated to 
Denmark, while it is the same in Danish natives for second-
generation immigrants. This observation suggests that the 
environment may play a significant role, likely during in-
utero development. A personal history of one of the three 
components of TDS is thought to be associated with TGCC. 
Nevertheless, it is known that TGCC has a strong genetic 
component since brothers and sons of patients with TGCC 
have a higher risk of developing the same condition. Genes 
commonly involved include KIT ligand gene, sprouty 
(Spry) genes encoding negative regulators of receptor tyro-
sine kinase signaling, gene encoding doublesex and mab-3 
related transcription factor 1 and the deleted in azoospermia 
gene family encoding potential RNA binding proteins that 
are expressed in prenatal and postnatal germ cells of males 
and females [78]. 

 The only animal model for TGCC was a transgenic 
mouse whose spermatogonia overexpressed neurotrophic 
factors so that it had a higher number of immature spermat-
ogonia and developed TGCC in its first year of life [79]. 

 Cryptorchidism and hypospadias are part of TDS and are 
characterised by the compromised development and func-
tion of the foetal Leydig and Sertoli cells. The role of these 
cells in the pathogenesis of TGCC has been investigated: 
biopsies from men affected by cryptorchidism, hypospadias, 
and poor semen quality showed Sertoli cells that were not 
completely differentiated and Leydig cells with a micronod-
ular aspect or microlithiasis [80, 81]. 

 These histological findings, together with epidemiologi-
cal evidence that TGCC, cryptorchidism, hypospadias, and 
impairment of spermatogenesis are linked, impelled 
Skakkebaek to propose that TDS might also have a foetal 
origin [8]. Males with cryptorchidism, low sperm count, low 
androgen levels, or hypospadias show feminisation of the 
AGD [81-83], a parameter that reflects reduced androgen 
levels during the foetal period. Boys affected by cryptor-
chidism and hypospadias present short AGD and a smaller 
penis size, confirming an association with neonatal andro-
gen action [83].  

 In addition to increasing the risk of cryptorchidism and 
reduced sperm quality during an adult male’s life, the inges-
tion of DES was correlated with TGCC in two meta-
analyses [15, 84], which found an increased OR for TGCC 
in children of mothers overexposed to polychlorinated bi-
sphenols, nonachlordane, trans-nonachlordane and hexa-
chlorobenzene [85]. Another study demonstrated that the 
higher the serum DDT levels were in mothers in the early 
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post-partum period, the higher the risk of developing TGCC 
[86]. 

 Several epigenetic modifications have been described in 
TGCC, such as hypermethylation or hypomethylation of 
DNA, chromatin modifications, and micro RNA (miRNA) 
expression. The hypermethylation of tumour-suppressing 
genes Breast Cancer 1 (BRCA1) or Ras association domain 
family member 1 (RASFF1) [87], the hypomethylation of 
tumour-promoting gene as developmental pluripotency as-
sociated 3 (DPPA3) [88], and the overexpression of miR-
NAs acting as oncomiRs with oncogenic effects participate 
in the carcinogenetic process through malignant transfor-
mation and tumour progression [89]. Experimental data in 
rodents suggest that these epigenetic modifications might be 
induced by foetal exposure to EDs, such as VCZ, an anti-
androgenic compound, or methoxychlor, an oestrogenic 
compound [90]. 

 TGCC may be considered an oestrogen-dependent ma-
lignancy, considering that the oestrogen B receptor is down-
regulated and G protein-coupled estrogen receptor 1 
(GPER) is overexpressed in seminoma, just as in ovarian 
and breast cancer, which are other typical oestrogen-
dependent neoplasms. The imbalance involving these two 
receptors implies that oestrogens can become activators of 
the carcinogenetic process. Although the modulation of this 
mechanism surely has a genetic basis, epigenetic modifica-
tions could also be involved and could be the basis of the 
actions of EDs, configuring TGCC as a ‘genvironment’ 
model in which genetic susceptibility and environmental 
factors have close interaction [89]. 

6. ANOGENITAL DISTANCE (AGD) 

 The AGD refers to the distance between the anus and the 
external genitalia; male AGD is almost twice as females, as 
a consequence of androgen action during sexual differentia-
tion (Fig. 4). A short male AGD is considered as a marker 
of lack of androgen action. The foetal masculinisation pro-
cess, in fact, involves several tissues, including the region 
between the anus and the genitalia. In this region, the pro-
cess is under the governance of DHT, locally converted 
from T by the action of the 5-alfa-Reductase enzyme. DHT  

binds and activates the AR, which stimulates the growth of 
the perineal muscles; the final size of these muscles deter-
mines the length of AGD. 

 A large cohort study from Britain revealed that AGD 
increased rapidly during the first three months after birth 
and stabilised one year later [83]. 

 In male rodents, the ablation of the AR reduces the AGD 
down to the female level, and it has been hypothesised that 
even minimal changes in androgen levels and action during 
foetal life can affect the AGD [91].  

 Studies involving adult men have shown that a decreased 
AGD can predict testicular function, semen quality, fertility, 
and risk of prostate cancer [92, 93]. 

 Other studies on reproductive disorders have reported 
significant correlations between short AGD in boys and 
hypospadias [94, 95], cryptorchidism [96], penile length 
[83], and sperm quality [97]. 

 These observations support the hypothesis of a common 
foetal origin of these diseases, in which different modifica-
tions of androgen secretion or action are responsible. 

Foetal exposure to EDs has been associated with a short 
AGD in newborn boys. Phthalates have been frequently 
associated with a short AGD [98], as have other EDs, includ-
ing dioxins [99], BPA [100], and mild analgesics [101]. A 
‘phthalate syndrome’ has been described in rats as a dose-
dependent manifestation, increasing dose levels associated 
with progressively shorter AGD [102]. 

 Nevertheless, many studies on the same EDs have not 
found significant correlations between exposure levels and 
short AGD [103].  

 In animal models, such as rats, foetal exposure to anti-
androgen compounds resulting in a short AGD is often cor-
related with various reproductive defects; when these effects 
are more pronounced, defects, such as genital anomalies, are 
more likely to be detected [104]. 

 On this basis, AGD can be considered as a prospective 
biomarker in humans, with a shorter than normal AGD in 
male offspring representing a warning flag for future repro-
ductive complications or even fertility issues.  

 

Fig. (4). Anogenital distance in male and female. Anogenital distance (AGD) is the distance from the midpoint of the anus to the genitalia. It 

is measured from the center of the anus to the posterior convergence of the fourchette (where the vestibule begins) in females, and from the 

center of the anus to the junction of the smooth perineal skin with the rugated skin of the scrotum in males. Male AGD is twice as females’; 

at birth it is 19.8±6.1 mm in males and 9.1±2.8 mm in females. In adult males, AGD is about 51±14 mm. A short male AGD is considered a 

marker of lack of androgen action. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
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 The use of the estimated age-adjusted anogenital index 
(AGI) to adjust the changes in AGD according to age and 
body size [105] was useful to confirm that a reduced AGD 
relates to cryptorchidism and hypospadias. In fact, a shorter 
AGD was observed in men affected by one or more altera-
tions included in TDS [106]. 

7. MOST COMMON EDS 

7.1. Bisphenol A  

 BPA is a synthetic compound with two phenol rings 
connected by a methyl bridge. It is used to manufacture dif-
ferent products, including toys, food packaging, plastics, tax 
receipts, tickets, etc. In 2003, its production was estimated 
at around 2 million tons, leading to an examination of its 
ubiquitous presence and continuous human exposure. 

 BPA acts as an AR antagonist and can interfere with the 
testicular production of testosterone. The available evidence 
suggests that BPA can also affect the male reproductive 
system via ROS-mediated damage, increasing the apoptosis 
of male gametes and reducing their proliferation. In rodent 
models, the in vivo exposure to BPA at different doses 
(ranging from 2 µg/kg/day to 960 mg BPA/kg body 
weight/day) and time intervals (from 5 to 84 days) resulted 
in a significant decrease in sperm count and sperm motility, 
alteration of the normal sperm morphology, and increase in 
sperm DNA damage [107-110]. Normal spermatogenesis 
requires high intratesticular levels of testosterone and nor-
mal functioning of the AR [111]; acting on testicular 
steroidogenesis, BPA can also affect spermatogenesis via 
hormonal impairment.  

 One of the first studies on BPA demonstrated that men 
exposed to BPA had a lower concentration of FSH, inverse-
ly correlated with the BPA urinary concentration. Another 
interference at the hypothalamic-pituitary level of the gon-
adal axis has been clearly demonstrated in animal models, 
where the administration of BPA significantly lowered both 
the expression of the gonadotropin releasing hormone 
(GnRH) gene in the preoptic area [109] and circulating lev-
els of gonadotropins and/or T [112]. In a study on 42 work-
ers, the authors found lower serum levels of FSH in workers 
exposed to BPA compared to those who were not exposed, 
even though different modifications in plasma LH and free 
T levels were observed [113]. 

 In addition, BPA can also mimic the effects of oestrogen 
due to its chemical structure, which is similar to E2. It was 
observed that BPA has a lower affinity for oestrogen recep-
tors alpha (ERA) and beta (ERB) (about 10,000 times lower 
than 17-beta-oestradiol for ERA), so it can be considered a 
weak oestrogen. Although BPA acts as a weak oestrogen on 
ERs, it has a very high affinity for the membrane G protein-
coupled oestrogen receptor (GPER) of non-classical oestro-
genic pathways, mediating non-genomic effects of BPA 
even at low doses [114]. This oestrogen-like action could 
interfere with the feedback mechanisms of the hypothalam-
ic-pituitary-gonadal axis, leading to reduced secretion of 
gonadotropins, impairing spermatogenesis and Leydig cell 
steroidogenesis. Leydig cells of adult rats treated in vitro 

with BPA showed a decreased T biosynthesis as a result of 
decreased expression of steroidogenic enzymes [115]. 

 In addition, BPA promotes both adipogenesis and lipid 
storage in adipocytes [116]; low doses of BPA can lead to 
obesity-related metabolic dysfunctions and consequent hor-
monal alterations in animal models [117]. On this basis, 
BPA is now also considered an obesogenic factor. It is well 
known that aromatase in adipocytes is responsible for T 
conversion into E2 [118], which is able to inhibit the pitui-
tary secretion of LH [119]. Circulating leptin is also higher 
in overweight and obese individuals, and leptin itself can 
inhibit Leydig cell steroidogenesis [120]. 

 BPA could interfere with spermatogenesis processes, 
impairing testicular glucose homeostasis, as reported in rats 
[121], increasing testicular oxidative stress, and inducing 
mitochondrial dysfunction [122]. Moreover, the impaired 
function of the Sertoli cell has been found in animal models. 

 With many other EDs in addition to BPA, there is a lack 
of controlled clinical trials investigating their effects on hu-
man male fertility. Li et al. [123] found a negative associa-
tion between urinary BPA levels and sperm concentration, 
count, viability, and motility in 215 exposed workers. Other 
studies have investigated the possible association of BPA 
exposure with alterations of sperm DNA; in 190 subfertile 
male patients [20], urinary BPA concentration was not asso-
ciated with reduced sperm concentration, motility, or mor-
phology. Nevertheless, using a multivariable linear regres-
sion model, an increase in urinary BPA levels showed a 
significant decrease in the percentage of normal sperm mor-
phology (p = 0.049), curvilinear velocity in computer aided 
semen analysis (p = 0.04), and increased sperm DNA dam-
age (p = 0.048).  

 The multicentre LIFE Study, involving 501 infertile 
couples in the United States, evaluated the possible relation-
ship between time to pregnancy (TTP) and urinary levels of 
more than 15 environmental pollutants, including BPA. Uri-
nary BPA concentration in males was not associated with 
increased TTP, which was instead correlated with the uri-
nary concentration of phthalates [124]. 

 The relationship between urinary BPA and male repro-
ductive hormones has been investigated in a cohort of 715 
healthy adults aged 20-74 years [125]. Urinary BPA levels 
were positively and significantly associated with serum T 
levels, while no association with either E2, SHBG, or free T 
was observed. On the other hand, Lassen et al. studied 308 
healthy males from the general population and found in-
creased serum T, free T, LH, and E2 levels in subjects in the 
higher urinary BPA concentrations quartile, compared to 
those in the lowest quartile. Subjects in the highest urinary 
BPA quartile also showed a progressively reduced sperm 
motility compared to those of the lowest quartile [126]. The 
same authors also observed that the higher the BPA concen-
tration was in urinary excretion, the lower was the percent-
age of progressive sperm motility.  

 Mendiola et al. performed a similar study on 375 fertile 
men recruited from prenatal clinics, finding that urinary 
BPA concentrations were positively associated with serum 
SHBG levels and inversely correlated with free androgen  
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index (FAI) and the FAI/LH ratio. However, serum FSH, 
LH, total T, inhibin B, and free T levels showed no obvious 
correlation with urinary BPA concentration [127]. In addi-
tion, Meeker et al. found a negative association between 
urinary BPA levels, serum inhibin B levels, and E2/T ratio 
in male partners of subfertile couples attending a fertility 
clinic. However, BPA was positively associated with both 
FSH and the FSH to inhibin B ratio [20]. In the same study, 
urinary BPA concentration was not associated with a signif-
icant risk of semen parameters below the reference levels.  

 Another study [128] on 215 healthy young university 
students reported a significant negative association of uri-
nary BPA concentrations with sperm concentration and total 
sperm count, but not with motility. 

 Overall, despite the fact that some data seem to support 
the role of BPA in impairing semen parameters, there is no 
evidence supporting this link. It has been hypothesised that 
BPA might manifest its greatest direct toxicity on germline 
cells, rather than disrupting the hypothalamic-pituitary-
testicular axis [129]. Only a few studies support this hy-
pothesis, demonstrating that BPA impairs not only germ cell 
development in human foetal testis through the modification 
of the mitochondrial activity but also the energy metabolism 
in ejaculated human sperm [130,131].  

 BPA effects can be particularly severe when exposed 
men have other risk factors, such as poor diet, metabolic 
impairment, and concurrent diseases.  

7.2. Phthalates 

 Phthalates are esters of phthalic acid linked with differ-
ent alcohols, with one (dimethyl phthalate - DMP) or more 
carbon numbers (such as, ditridecyl phthalate - DITP with 
13 carbon atoms) in the alcohol moiety. Phthalates are used 
as plasticisers in a wide range of products (e.g., food pack-
aging products, medical devices, infant toys, construction 
materials, wires and cables, and conveyor belts). Phthalates 
of lower molecular weights (three to six carbon alcohols) 
are gradually being replaced by those of high molecular 
weights (more than six carbons in their backbone) in nu-
merous products in western countries, given the related 
health concerns.  

 A study on the occupational exposure to DBP and DEHP 
among 74 men showed an increase in the concentration of 
their metabolites, Monobutyl phthalate (MBP) and Mono-2-
ethylhexyl phthalate (MEHP), and this increase was nega-
tively associated with serum T levels [132]. Two other stud-
ies confirmed an inverse correlation between MEHP and T, 
FAI, and E2 [133,134].  

 Both DEHP and MEHP can inhibit the in-vitro T pro-
duction in human testis explants [135], as well as cause a 
reduction of spermatozoa motility when incubated with high 
concentrations of phthalates [136].  

 At the moment, no in vivo study has confirmed these 
observations, given the controversial results shown; while 
some authors have reported a correlation between phthalate 
exposure and sperm concentration, motility, and morpholo-
gy, other authors did not confirm this. 

 With reference to specific putative actions of phthalates, 
few data show that foetal Leydig cells are their primary tar-
get; during utero phthalate exposure, foetal Leydig cells 
tend to abnormally aggregate and create areas of dysgenesis. 
Although the exact mechanism is not clear, increased levels 
of cytokines or growth factors from disrupted focal testicu-
lar dysgenesis after phthalate treatment may be responsible 
for these changes. The aggregation of foetal Leydig cells is 
dose-dependent [137] and maybe a sensitive biomarker for 
toxicity to foetal testis as a result of earlier phthalate expo-
sure. 

 In addition to the potential anti-androgenic effect, 
phthalates have other negative effects on male fertility; it 
has been shown that gestational exposure to several 
phthalates (DEHP and DINP, measured in amniotic fluid) 
was positively associated with cryptorchidism and hypo-
spadias. Moreover, another study showed that amniotic fluid 
INSL3 levels during the critical time window in human 
pregnancy are related to cryptorchidism and hypospadias 
and are negatively affected by phthalates [138]. Finally, it 
has also been demonstrated that high phthalate exposure 
was associated with a decline in free testosterone and an 
increase in LH concentration, again suggesting an anti-
androgenic effect [139]. 

7.3. Perfluoroalkyl Compounds (PFCs) 

 Perfluoroalkyl compounds (PFCs) are a class of synthet-
ic organic substances produced since the 1950s and charac-
terized by fluorinated hydrocarbon chains with lipophobic 
and hydrophobic properties. PFCs have amphiphilic struc-
tures, which make these compounds versatile for industrial 
and human uses, such as lubricants, waterproofing, fire tab-
leting foams, clothes, household utensils, coatings for 
cookware, carpets, and food wrapping. Some PFCs are non-
biodegradable, meaning that they are resistant to degrada-
tion and bioaccumulate in the environment and living organ-
isms [140-142], as is the case for perfluorooctanoic acid 
(PFOA) and perfluooctane sulfonate (PFOS). PFCs have 
been detected in humans worldwide and have long half-
lives, approximately five years for PFOS and three and a 
half years for PFOA. Even if the production of PFOA and 
PFOS has been prohibited in several countries since 2000, 
PFCs are persistent in the environment and in humans. They 
circulate by being bound to albumin in serum [143], and 
their detection indicates a long-term exposure, as evidenced 
by the levels found in occupational workers [144]. PFCs 
have a ubiquitous distribution; they have been detected in 
almost all tissues and organs, including human seminal flu-
id, breast milk, and even the umbilical cord, suggesting a 
lifelong exposure to PFCs from foetal stages until adult-
hood. PFOA and PFOS seem to induce health consequences 
such as neonatal mortality, neurotoxicity, and immunotoxi-
city. Adverse associations with PFCs are most often found 
in groups with early-life exposure. Despite the fact that the 
chemical structure of PFCs is not similar to sexual hor-
mones, PFCs still act as EDs towards the foetus and new-
borns, leading to defects in their development. In vitro stud-
ies have shown that PFOA engages in both oestrogenic and 
antiestrogenic activities but does not interfere with oestro-
genic signalling in uterotrophic assays [145]. 
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 The widespread environmental occurrence of PFCs 
brings a certain level of exposure to both the developing 
human foetus and adults. Males showed a higher tendency 
to accumulate PFCs. This gender difference could be as-
cribed to the activity of organic anion-transporting peptides 
(OATPs). OATPs are membrane-transport proteins involved 
in the PFCs’ renal uptake with a steroid-dependent function, 
improved by androgens. PFCs were added to Annex B of 
the Stockholm Convention on Persistent Organic Pollutants. 
Epidemiological studies have also focused on the relation-
ship between PFCs and human fertility. Currently, only in 
vitro and animal studies show that toxicity from PFOA and 
PFOS may lead to defects in spermatogenesis [146, 147].  

 Despite strong suspicions, to date, little evidence is 
available regarding the effect of these substances on seminal 
parameters in men. Different studies hypothesise the toxici-
ty of both primary (gonadal) and secondary (pituitary-
hypothalamus) PFCs but with conflicting results [148-158]. 
PFOS can cross the blood-brain barrier, the placenta, and 
the blood-testis barrier (BTB) [148], therefore revealing 
different modalities in which PFCs can exert their toxicity 
[149]. Raymer et al. [150] reported that LH and free testos-
terone had a significantly positive correlation with plasma 
PFOA.  

 A study demonstrated that men with greater exposure to 
combined PFOA and PFOS had a reduced percentage and 
number of morphologically normal sperm cells compared 
with men with less exposure; these associations were weak-
er when PFOA and PFOS exposures were analysed sepa-
rately [151]. Another study found a lower percentage of 
morphologically normal sperm with higher exposure to 
PFOS and Perfluorohexane-1-sulphonic acid (PFHxS) 
[152], but these results were not replicated in two subse-
quent studies [153-158]. Despite this, one of the studies 
showed that PFOAS was associated with a higher percent-
age of bicephalic and immature sperm, while Perfluorodec-
anoic acid (PFDA), Perfluorononanoic acid (PFNA), PFOA, 
and PFOS were associated with a lower percentage of sperm 
with coiled tails [158]. 

 With regard to semen volume, total sperm count, and 
sperm concentration, no study found consistent associations 
between exposure to any PFCs and these parameters [150, 
151, 153-155], as well as with sperm DNA integrity and 
apoptotic markers [155, 156]. 

 With regard to sperm motility, results are conflicting; 
three studies found that PFOA exposure was associated with 
a higher rather than normal percentage of motile sperm 
[150-151,152], while this was not confirmed by another 
study [158]. Another observation confirmed the presence of 
a lower percentage of progressively motile sperm after ex-
posure to perfluoroheptane sulfonate (PFHpS) but not for 
PFOS, PFNA, PFDA, perfluorooctanesulfonamide (PFOSA) 
and PFHxS [153]. 

 Some studies suggest that PFCs activity might modify 
the genetic expression of sex hormones’ nuclear receptors. 
In particular, PFOA and PFOS exposure may cause de-
creased AR expression in the hypothalamus-pituitary gland, 
as well as in the testis. During foetal life, AR-dependent 
gene expression is critical for gonadal and male sexual de-

velopment, including spermatogenesis. In vitro studies have 
confirmed the AR-antagonist effect and showed the ER-
agonist action of PFCs. [159] The final result is an anti-
androgenic potential of PFCs due to an AR disruption, im-
pacting male health [160].  

 At the testicular level, PFOS affects the Sertoli cell tight 
junction, reducing the integrity blood-testis barrier. This 
pathologic mechanism can also promote indirect damage 
through increased exposure to other toxins, leading to infer-
tility [149]. Testicular and prostatic PFCs accumulation is 
strongly suspected. This could explain the relationship be-
tween PFOA and testicular cancer. The underlying oncogen-
ic mechanism might be mediated by PFCs interaction with 
Peroxisome proliferator-activated receptor alpha (PPARα) 
[161-163]. 

CONCLUSION 

 Reproductive health has become a social problem, and 
clear downward trends in fertility rates have been seen, both 
in ‘old’ industrialised countries and in newly industrialised 
societies, even if fertility rates are still high in several parts 
of the world. There are proofs, even if conflicting, that justi-
fy the increase in congenital and acquired pathologies as 
cryptorchidism, hypospadias, testicular cancer and male 
infertility, suggesting the existence of similar pathogenetic 
mechanisms that render all of them part of the testicular 
dysgenesis syndrome. Although great attention has been 
dedicated to the research on EDs’ role in impairing the hor-
monal milieu and spermatogenesis in the last decades, so 
contributing to the development of the syndrome, epidemio-
logical data regarding their ability to impair the male repro-
ductive health are still under debate. This lack of evidence is 
due to many variables, some of which are related to EDs as 
they constitute low-dose and non-classical effects; further-
more, epigenetic effects could not be manifested in the stud-
ied generations, and it is possible that two or more EDs may 
have interacted synergically. In addition, the absence of 
standardised study protocols, as well as using different 
thresholds and different doses of exposure, may also explain 
the paucity of strong, significant results. Nevertheless, data 
from animal and in vitro models regarding EDs are alarm-
ing, particularly those involving in-utero exposure, underlin-
ing the need for further and reliable studies to protect preg-
nant women and their offspring and guarantee adult men’s 
reproductive health. 

LIST OF ABBREVIATIONS 

5-hmc = 5-hydroxymethylcytosine  

ACHE = Acetylcholinesterase 

AGD = Ano Genital Distance 

AMH = Anti Mullerian Hormone 

AMHR2 = Anti Mullerian Receptor type 2 

AR = Androgen Receptor 

ATZ = Atrazine 

BBP = Benzyl Butyl Phthalate  

BPA = Bisphenol A 
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BRCA1 = Breast Cancer 1  

DBP = Di-n-butyl Phthalate  

DDE = Dichlorodiphenyldichloroethylene  

DDT = Dichlorodiphenyl Trichloroethane  

DEHP = di(2-ethylhexyl) Phthalate  

DES = Diethylstilbestrol  

DHT = Dihydrotestosterone 

DINP = Diisononyl Phthalate  

DITP = Ditridecyl Phthalate  

DMP = Dimethyl Phthalate  

DNMT3A = DNA methyltransferase 3 alpha  

DNMT3B = DNA methyltransferase 3 beta  

E2 = Oestradiol 

EDs = Endocrine Disruptors 

ER alfa = Oestrogen Receptor alfa 

ER beta = Oestrogen Receptor beta 

ER = Oestrogen Receptor 

FAI = Free androgen Index  

FSH = Follicle Stimulating Hormone 

GCNIS = Germ Cell Neoplasia in situ 

GnRH = Gonadotropin Releasing Hormone  

GPER = G protein-coupled Estrogen Recep-
tor 1 

INSL3 = Insulin-Like Factor 3  

LH = Luteinizing Hormone 

MBP = Monobutyl Phthalate 

MEHP = Mono-2-ethylhexyl phthalate 

Micro RNA = miRNA 

n-NP = of nonylphenol  

OATPs = Organic Anion-transporting Pep-
tides  

OCP = Oral Contraceptive 

PFCs = Perfluoroalkyl Compounds  

PFDA = Perfluorodecanoic Acid  

PFHpS = Perfluoroheptane Sulfonate  

PFHxS = Perfluorohexane-1-Sulphonic Acid  

PFNA = Perfluorononanoic Acid  

PFOA = Perfluorooctanoic Acid  

PFOS = Perfluooctane Sulfonate  

PFOSA = Perfluorooctanesulfonamide  

PPARα = Peroxisome Proliferator-Activated 
receptor Alpha  

PRL = Prolactin 

RASSF1 = Ras Association Domain Family 
Member 1  

RXFP2 = Relaxin Family Peptide Receptor 2  

SHBG = Sex Hormone-Binding Globulin 

SRY = Sex-determining Region Y 

SULT1E1 = Sulfotransferase  

T  = Testosterone 

TDS = Testicular Dysgenesis Syndrome 

TGCC = Testicular Germ Cell Cancer  

TTP = Time to Pregnancy  

VCZ = Vinclozolin 

WHO = World Health Organization 

XOXA10 = Homebox A10 Gene  

ZNF 215 = Zinc Finger Protein 215  

ZNF214 = Zinc Finger Protein 214 
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