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Background 

  
  
Environmental contaminants are increasingly common. These contaminants include 

endocrine disruptors, which pollute the soil, water, air and land. They also affect the food 

chain and can be a risk for human health, making them a problem which must be addressed 

in public health and prevention programmes. This issue also has repercussions in terms of 

biosafety.  

 

This document has been prepared by the Italian Committee for Biosafety, Biotechnology 

and Life Sciences following discussions among its own members and with the contributions 

of external experts, to provide both the basis and an up-to-date description of the issue to 

meet the needs of both the committee itself and external organisations. 

  

 Prof. Anna Maria Colao, Prof. Andrea Isidori and Prof. Silvia Migliaccio, experts from the 

Italian Endocrinology Society1, contributed to the preparation of this document through their 

participation in the plenary meeting of 3 October 2016. 

  

The Committee approved the document on 5 December 2016. 
 
  
  

                                                        
1 Società Italiana di Endocrinologia 
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Introduction 

 

Hippocratic tradition emphasises the environmental causes of disease and the need for 

harmony between individuals and the natural environment as the correct philosophy 

for maintaining good health. The general population is now well informed about 

environmental pollution and the increased risk of cancer. However, there is still little 

public awareness of how other common major diseases are affected by environmental 

and lifestyle changes. The good news is that there is a constant increase in reliable 

scientific studies helping to clarify the pathophysiological mechanisms underlying the 

association between numerous non-transmissible chronic diseases and environmental 

pollutants (not just in relation to the risk of cancer), although there is still much to learn 

(1).  

Endocrine disrupting chemicals (EDCs), also known as endocrine disruptors, comprise 

a vast category of chemicals and chemical mixtures which affect the function of the 

endocrine system, causing adverse effects to the health of organisms or their offspring. 

They can bind as agonists or antagonists to the receptors of various hormones, such as 

steroid or thyroid hormone receptors, or interfere with them in various ways and 

through different mechanisms, through the synthesis, secretion, transport, binding, 

action upon and elimination of such hormones in living beings.  

EDCs include aromatic polycyclic hydrocarbons, benzene, dioxin, phthalates, 

perfluorocarbons, bisphenol A (and octylphenols and nonylphenols). These 

compounds can cause severe injury (although this might not be immediately obvious, 

as minimal doses do not cause acute toxic effects), and in the case of largescale 

environmental exposure, can produce population effects with ecological repercussions. 

This disruption can cause birth defects and other developmental disorders. EDCs are 

above all known to cause learning difficulties, severe attention deficit disorders, 

cognitive and brain development disorders, physical malformations, sexual 

development problems, feminisation of males and androgenisation of females. 
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They also have a hormonal action. EDCs may be found as environmental pollutants, 

such as in the case of numerous organic halides including polychlorobiphenyls (PCBs) 

and similar compounds classed as persistent organic pollutants, as natural components 

of some foods, such as the phytoestrogens in soya, or as contaminants, such as 

bisphenol A (BPA) derived from plastics or various types of agrochemical. 

Major classes of endocrine disruptor include the various types of chlorinated 

chemicals, which are often carried in the atmosphere for long distances, and phenolic 

compounds. The environmental transmission of these compounds has been amply 

studied, with investigation of both the transport of various stable compounds, such as 

organic halides, and their repercussions for colder areas where global atmospheric 

circulation causes them to recondense, producing biological effects on various 

organisms (2).  

Current knowledge and activities pertaining to endocrine disruptors can be summarised 

as follows:  

A) In animals, endocrine disruptors can act on the hormone system, affecting 

reproduction. A cause-effect relationship has been demonstrated in wildlife as well as 

in laboratory animals; it has not yet been demonstrated that endocrine disruptors in the 

environment can affect reproduction in wild animals. 

B) An increase in cases of reproductive disorders, some types of cancer, metabolic 

diseases such as obesity and diabetes, and cardiovascular diseases (1,3) has been 

associated with the presence of endocrine disruptors. While the results seem to be 

consistent with the thesis that EDCs are to blame, it has not been possible to document 

a causal relationship between exposure to a substance with endocrine activity and an 

effect on the human body (4). 

C) Further research is needed to perform a full risk assessment, especially with regard 

to the toxic effects of low concentrations and the “cocktail effect” of these chemicals. 

D) Some known endocrine disruptors are already regulated by legislation for reasons 

other than their hormone activity (general toxicity, carcinogenicity, reproductive 

toxicity) (5).  
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Given their complex nature, exposure to EDCs can result in numerous clinical 

phenotypes: investigation of the mechanisms of action is a constantly evolving field of 

research. The highly varied nature of these compounds impedes the identification of a 

common mechanism of action. While some substances have some similar properties 

(molecular weight, or the presence of specific highly reactive groups), no common 

property can be identified for all endocrine disruptors, so it is impossible to generalise 

- and much less predict - the exact mechanism of action. However, this vast class can 

be divided into three broad categories: 

1) Hormone agonists, the intake of which leads directly or indirectly to a type of 

receptor activation known as hyperstimulation. Phytoestrogens and thyroid-stimulating 

chemicals fall in this category. 

2) Hormone antagonists, which interact with hormone receptors and directly or 

indirectly impede their physiological activation (inhibition). This category includes 

anti-oestrogens and anti-androgens.  

3) Metabolic modifiers, which interfere with normal endogenous hormone secretion 

or with other steps in normal hormone activity, including their transport in the blood, 

intracellular pre-processing and post-processing, thus affecting their decomposition 

and elimination. Chemicals which stimulate liver metabolism or which are able to 

chelate circulating hormones can be included in this category. 

Although there have been significant advances in this field, worldwide research into 

EDCs has not yet led to incontrovertible scientific evidence. Many of these compounds 

have short half-lives, others have low molecular weights, others still act through 

metabolites; their identification is therefore far from simple and requires both suitable 

instrumentation and a specialist clinical background. There is also the legitimate 

concern that many studies are highly compromised, whether due to the authors’ 

positions or the source of their funding.  

 

The main critical points pertaining to the study of EDCs are as follows: 
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1) Delayed effects In many cases, EDC intake does not have immediate effects. For 

example, pre-pubertal or intrauterine exposure may affect fertility many years later, 

and the underlying cause of numerous diseases in adults might be intrauterine exposure 

to endocrine disruptors. Epigenetic effects, such as in the case of DNA expression 

modulation through methylation, may be transmitted from one generation to the next, 

sometimes without any apparent clinical signs in the subjects directly exposed. The 

effect may be delayed by as much as 20-30 years, as documented for some cancers 

(cervical and testicular cancer), or even longer, as has been postulated for some forms 

of dementia.  

2) Multiple exposure Most studies of endocrine disruptors aim to identify the effects 

and mechanism of action of a single substance. Possible interactions between the 

various chemicals are largely ignored. However, given the heterogeneous nature of 

EDCs, their distribution should be considered as ubiquitous and concomitant exposure 

to multiple compounds is highly likely. It is possible that the mechanisms of action of 

multiple EDCs are additive or even synergic, leading to more marked effects from a 

more limited exposure to the individual components. 

3) Dose-response dynamics Endocrine disruptors rarely present linear dose-response 

dynamics. U-shaped or inverted U-shaped response curves have been seen in many 

cases, while during certain periods of development, exposure may give rise to clinical 

signs regardless of the dose. Lipophilic chemicals tend to accumulate in the adipose 

tissue, leading to their gradual release over time and the possible onset of clinical signs 

years after the original exposure ended. EDC metabolites often have a higher biological 

activity or accumulation capacity than the original compounds themselves. 

4) Measurement of effects The extreme heterogeneity of endocrine disruptors makes 

it difficult to estimate their effects exactly, even when there are clinical signs which 

can be attributed to them. Furthermore, long-term exposure to low doses often makes 

it difficult to establish the causal connection between the culpable agents and the 

clinical effects. Each individual will have a unique exposure pattern to both known and 

unknown EDCs, and physiological differences in their metabolism and the subject’s 

body composition will alter their half-lives and biological effects. Traditional 



 8 

toxicology methods and the many animal studies offer only a partial picture of the 

effects of EDCs.  

5) Limitations of translational models Animal models are commonly used to 

evaluate the effects of various substances in vivo. However, it is difficult to estimate 

how well the results can be extrapolated to humans, due to temporal dynamics as well 

as other variables. Furthermore, studies aiming to identify the effects of individual 

substances are unlikely to represent reality: simultaneous exposure to a low 

concentration of multiple chemicals is not feasible in the laboratory. In addition, some 

substances may be inert if studied in isolation but biologically active in the presence of 

other chemicals or in complex biological matrices such as blood. In any case, despite 

these limitations animal models are still the most reliable method for studying 

endocrine disruptors. 

6) Clinical dimorphism The severity of clinical signs caused by exposure to the same 

mixture of EDCs may show gender differences. For example, exposure to oestrogen-

like agents can cause premature thelarche in girls, while in boys it can lead to gonadal 

dysgenesis. This is partly due to physiological differences in the interaction between 

the hormone and receptor; however, it can also be hypothesised that the different 

clinical presentations may be due to the different expression of the enzymes involved 

in the metabolism of endocrine disruptors. The extent of the dimorphism also depends 

on whether females are in the pre-pubertal, reproductive or menopausal age.  

 

On the basis of these observations, and given the concern generated by EDCs, the 

Italian Ministry of the Environment has produced a guidebook for the public. 

 

The European Union has named 564 chemicals as known or suspected endocrine 

disruptors. Of these, 147 may be persistent organic pollutants or produced in large 

volumes; just 66 are proven to act as endocrine disruptors (category 1) while there is 

only limited evidence that another 52 are potential endocrine disruptors (category 2) 

(5). 
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Last but not least, there is still a general lack of evidence as to the acute and chronic 

effects of environmental pollutants and endocrine disruptors in relation to gender, and 

therefore a need for studies of populations of comparable age and sex. 

 

Endocrine disruptors and thyroid cancer 

 

The incidence of thyroid cancer is progressively increasing worldwide. In Italy, it is 

the fifth most common cancer in men and the second most common in women under 

50 (6). The increasing incidence is evident not only in western countries (7) but also in 

the so-called emerging countries (8); moreover, this trend shows no signs of slowing 

down even in countries where diagnostic ultrasound has long been widely used (9). 

Taken together, this all suggests the possible aetiopathogenetic role of environmental 

pollution, which is also progressively increasing, in the development of thyroid cancer. 

However, despite our in-depth knowledge of the genetic mutations associated with this 

disease (10), the causal factors are still largely unknown.  

Thyroid function is intrinsically correlated with environmental exposure. The thyroid 

gland needs exogenous iodine, a natural trace element, to synthesise the thyroid 

hormones. However, the gland’s function is also influenced by a wide range of 

synthetic compounds (e.g. phthalates, dioxin and alkylphenols) (11). These compounds 

form part of a diverse group of synthetic chemicals deriving from human - and above 

all industrial - activity, known as endocrine disruptors. They are capable of causing 

long-term environmental contamination, and have a high probability of entering into 

contact with human beings (12). They interfere with various aspects of thyroid 

hormone function: their metabolism (by blocking the intracellular uptake of iodine 

and/or altering its organification); their transport (by affecting their binding with 

plasma proteins and uptake in the peripheral tissues); and their transcriptional activity 

(by affecting their binding with receptors and their cofactors) (13).  

There is still limited scientific evidence of the association between environmental 

pollution and the development of thyroid disease. To date, we only have data on the 

impact of exposure to certain categories of pollutants on the thyroid hormone profile 
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and the development of autoimmune thyroid diseases (14). Although endocrine 

disruptors are thought likely to have a role in the development of thyroid cancer, this 

theory is not yet supported by sufficient evidence.  

The most widely accepted pathogenic hypothesis is that exposure to thyroid-disrupting 

chemicals may induce the neoplastic transformation of thyrocytes through their 

hyperstimulation, due to excessive pituitary TSH production as a consequence of the 

inhibited gland function (13). However, genetic screening of thyroid tumours in 

subjects from some highly polluted areas of China and Italy (15,16) revealed a higher 

than expected prevalence of the mutational event BRAFV600E, suggesting a possible 

direct mutagenic action of environmental pollutants (17).  

The few epidemiological studies of the association between environmental exposure 

and thyroid cancer have almost all investigated occupational exposure. A Swedish and 

a Chinese study both demonstrated a significantly higher incidence of thyroid cancer 

in workers (in the footwear and textile industries respectively) exposed to chemical 

mixtures (18), suggesting a link between chemical contamination and the development 

of this disease. However, epidemiological data focusing on a single category of 

pollutants are unavailable.  

To date, the only experimental evidence of the possible role of endocrine disruptors in 

thyroid carcinogenesis derives from studies of animals exposed to high doses (19); 

there is no information regarding the possible carcinogenic effect of exposure to low 

doses, the typical model for human beings exposed to environmental pollution.  

 

Endocrine disruptors and pituitary tumours 

 

A handful of small-scale epidemiological studies have suggested that the environment 

may have a role in the pathogenesis of acromegaly. Cannavò et al. (20) assessed the 

prevalence of acromegaly in 4 areas in and around Messina in Sicily: Area A (Ionian 

area), Area B (Tyrrhenian area), Area C (Messina city) and Area D (5 highly 

industrialised towns in the province of Messina). Taking Area A as the control, it was 

calculated that the population in the industrialised area (D) had a higher risk of 
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developing acromegaly than the other areas. The Italian Regional Environmental 

Protection Agency2 identified the following atmospheric pollutants in Area D: non-

methane hydrocarbons, benzene, toluene, 1-3-butadiene, trans-2-pentene, 1-2-3-

tribenzene, cis-2-butadiene, trans-2-butene, 2-methyl-1-pentene, acetylene, α-pinene, 

β-pinene, cyclohexene, ethane, isobutene, isopentane, isopropylbenzene, met-cyclo-

pentane, m-xylene, n-decane, n-nonane, p-diethyl-benzene, o-ethyltoluene, n-pentane 

and n-octane.  

Pesatori et al. (21) conducted a study to assess the incidence of sporadic pituitary 

tumours in the area of Seveso, Italy, which was affected by an industrial accident at the 

company ICMESA 3  in the town of Meda in 1976 which caused the release and 

dispersal of a cloud of the dioxin TCDD. The incidence of sporadic pituitary tumours 

was assessed in three areas of Seveso associated with low, medium and high dioxin 

exposure, with no significant differences found.  

The aryl hydrocarbon receptor pathway seems to be the connection between pituitary 

tumours and the environment. The most powerful ligand of the aryl hydrocarbon 

receptor is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The other ligands include 

more than 400 exogenous compounds, including polycyclic aromatic hydrocarbons 

such as benzo[a]pyrene and PCBs (22). Genetic variations interfering with the aryl 

hydrocarbon receptor signal pathway in acromegalic patients living in highly 

contaminated areas are associated with larger adenoma size and resistance to treatment 

with somatostatin analogues (23). 

 

Endocrine disruptors and obesity 

 

Endocrine disruptors alter the homeostasis of the endocrine and metabolic system 

through their ability to mimic and/or antagonise the biological activity of the hormones 

produced by the body. Discussion of the concept of contaminant over the years has led 

to the universal acceptance of the following definition from the Codex Alimentarius: 

                                                        
2 Agenzia Regionale Prevenzione e Ambiente 
3 Industrie Chimiche Meda Società Azionaria 
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“Any substance not intentionally added to food or feed for food producing animals, 

which is present in such food or feed as a result of the production…[and] manufacture, 

processing, preparation, treatment, packing, packaging, transport or holding of such 

food or feed, or as a result of environmental contamination.”  

It is clear that endocrine disruptors can enter the food chain in various ways. The 

chemical properties of these compounds enable them to interfere with normal 

intracellular signal transmission processes, meaning they may have an important role 

not only in the induction of carcinogenesis but also in the aetiopathogenesis of 

endocrine and metabolic disorders (24).  

Another property of these compounds, in contrast with other environmental toxins and 

chemicals, is that their endocrine disrupting effects are often induced at small doses 

and depend on the period of exposure. Apparently low exposure levels thus often cause 

molecular and cellular changes which, although minimal, can induce more serious 

pathophysiological effects with prolonged exposure. It is also important to remember 

the potential persistence of these compounds in the adipose tissue, with the risk of a 

weak but persistent effect on the target tissues (25). Their effects are often pleiotropic 

and exposure to endocrine disruptors has been correlated with infertility, delayed 

puberty, premature birth and the development of various diseases, including 

cardiovascular and neoplastic diseases and skeletal disorders (1, 13, 26-29). 

 

 In recent years, numerous studies have also revealed possible correlations between 

exposure to environmental EDCs and the development of metabolic syndrome, type 2 

diabetes mellitus and obesity (24,30). Recent decades have seen a dramatic rise in 

obesity, in children and adolescents as well as in adults (31). Obesity is a clinical 

condition which carries an increased risk of developing chronic metabolic disorders 

(such as type II diabetes mellitus), cardiovascular diseases and neoplastic diseases, as 

well as an increased risk of bone fractures. It is characterised by increased size 

(hypertrophic obesity) or number of adipocytes (hyperplastic obesity). Numerous 

factors have a role in the aetiopathogenesis of this condition, due to the complex 

interactions between genetic, behavioural and environmental factors. Endocrine 
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disruptors are included among the factors potentially involved in the development of 

metabolic disorders such as type 2 diabetes mellitus and obesity (32). 

  

The main chemicals which act as obesogenic endocrine disruptors include bisphenol A 

(BPA), tributyltin (TBT), diethylhexyl phthalate (DEHP), nonylphenol (a synthetic 

alkylphenol), genistein, phthalates, perfluorocarbons (PFC) and perfluorooctanoic acid 

(PFOA) (33-36). Obesogens induce changes which interfere with the normal function 

of hormones (e.g. oestrogens, glucocorticoids) and of factors such as leptin, ghrelin 

and neuropeptide Y, as well as acting through the inhibition of the enzyme aromatase 

or interference with the expression of receptors for steroid hormones, retinoic X, PPAR 

gamma and glucocorticoids (37,38). Recent studies also found a direct effect on 

adipocyte differentiation and the induction of dysfunctional adipose tissue (39-41). In 

animal models, it has been demonstrated that long-term exposure to low doses of BPA 

(hence in a manner similar to environmental exposure) can affect adipocyte 

differentiation, increasing the proliferation of preadipocytes and causing the early 

expression of the genes involved in glycolipid metabolism (40). This induces the 

formation of hypertrophic adipocytes and alters the insulin-dependent signal, 

increasing the expression of pro-inflammatory cytokines. BPA has also been 

implicated with the onset of polycystic ovary syndrome and type 2 diabetes mellitus, 

both of which are characterised by insulin resistance (42-43). 

Given the literature evidence, it is reasonable to suppose that obesogens can predispose 

individuals to weight increase through the mechanisms described above and through 

changes induced to the metabolic set-point, especially if exposure took place during 

particularly vulnerable periods such as the first years of life (24). In fact, even if 

exposure to endocrine disruptors may occur in all stages of life (from conception and 

fetal development to senescence), the changes to the endocrine system caused by these 

chemicals are more critical if the exposure takes place during prenatal or early postnatal 

life, due to the rapid changes in the body’s growth.  

Data from experimental animal models suggest that exposure to obesogenic endocrine 

disruptors may induce the reprogramming of cell differentiation due to epigenetic 
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modifications (29,44). In cell models developed to study adipogenic differentiation, 

some of the genes which effectively regulate pre-adipocyte proliferation and promote 

adipocyte differentiation were identified. Of these, the proliferation of PPAR-gamma 

is fundamental. The activation of PPAR-gamma leads to gene expression changes 

which favour the differentiation of adipocytes and the storage of energy. The persistent 

activation of the PPAR-gamma-dependent signal due to dietary “overload” or the 

action of endocrine disruptors disturbing the system may be obesogenic (37,45), thus 

performing an important role in the aetiopathogenesis of obesity as well as of type 2 

diabetes mellitus. 

 

Endocrine disruptors and fertility 

 

EDCs and prenatal development  

It was once thought that EDCs acted only through nuclear receptors for oestrogen, 

androgen, progesterone and thyroid hormones and retinoid receptors. However, recent 

studies have shown that their mechanism of action is not that simple. Endocrine 

disruptors exert effects on the endocrine and reproductive system through nuclear 

receptors, non-nuclear steroid hormone receptors (membrane oestrogen receptors), 

non-steroid receptors (receptors for neurotransmitters such as serotonin and dopamine, 

norepinephrine receptors), orphan receptors (aryl hydrocarbon receptors), enzyme 

pathways involving the biosynthesis and/or metabolism of steroids and numerous other 

mechanisms (46).  

Unlike adults, infants and children are exposed not only to toxic chemicals in the 

environment but also indirectly, during intrauterine life, to any toxins which 

accumulated in their mother before her pregnancy. Hundreds of toxic chemicals can 

directly affect the fetus through the umbilical cord and the placenta. These include 

countless neuroimmune and endocrine toxins which may affect the critical phases of 

hormonal, neurological and immunological development. Given their lipophilic 

structure, EDCs can easily cross biological barriers such as the placenta and blood-

brain barrier, for which reason they have been categorised as “poisons without 
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passports”. Both human and animal studies have demonstrated that the effects of 

endocrine disruptors on the offspring are not limited to congenital abnormalities or 

reduced IQ but years later can induce behavioural and health changes persisting 

throughout life, even in initially healthy offspring (47). 

  

It has been amply demonstrated that prenatal exposure to EDCs can cause a series of 

disorders correlated to systematic abnormalities such as (48): 

 Growth disorders, with abnormal development of the brain, heart, breasts and 

sex organs (undescended testicles, micropenis and labial fusion); 

 Central nervous system developmental disorders; 

 Immune system developmental disorders. 

These disorders may also give rise, through cumulative effects, to more complex organ 

and system changes and dysfunctions, impairing cross-talk between the immune, 

nervous and endocrine systems (psycho-neuro-immuno-endocrine axis). 

 

Effects on male fertility 

The male reproductive system may be significantly affected by the intake of endocrine-

like substances from fetal age (49). Anti-androgen chemicals were among the first for 

which there was documented evidence of the effects of EDCs, and may offer a typical 

model.  

Clinical data from human males and animal models have identified an association 

between endocrine disruptors and gonad development disorders, collectively known as 

testicular dysgenesis syndrome (TDS), which includes conditions such as 

cryptorchidism, hypospadias, micropenis, in situ testicular carcinoma, infertility and 

predisposition to the development of testicular tumours (50). TDS can be attributed to 

impaired embryonal development of the Sertoli and Leydig cells, affecting the germ 

cell compartment. Anti-androgens, xeno-oestrogens and dioxins are the most 

extensively studied endocrine disruptors in relation to male reproductive health, but 

the list of chemicals with potential effects on fertility and the urogenital tract is 

constantly increasing. The results of a recent meta-analysis suggest that the role of 



 16 

individual endocrine disruptors is probably less important than was supposed, while 

the cocktail effect of exposure to multiple agents is more likely to be the cause of 

significant changes (51).  

 

Some authors believe that the modification (reduction) of secondary sexual features 

(androgenisation) in the male populations of western countries (especially in young 

adults), which is reflected in measurable phenotypic changes (height, ratio of limb to 

trunk length, body hair, total number of sperm produced), can be attributed to an 

evolving phenomenon (loss of reproductive advantage), while others believe it to be 

due to a progressive “oestrogenisation” linked to dietary factors (additives and 

phytoestrogens) or pollutants (EDCs).  

 

Urogenital tract abnormalities 

The male gonads normally begin to develop during embryogenesis. The processes 

enabling the further development of the mesonephric ducts and the involution of the 

Müllerian ducts take place under the stimulation of testosterone and anti-Müllerian 

hormone respectively. Endogenous hormones are also involved in the development of 

the external genitals (testosterone [DHT]) and in testicular descent into the scrotal sac 

(insulin-like peptide 3 [INSL-3]). Exposure to agents with anti-androgen properties 

during fetal life can lead to various clinical phenotypes, from hypospadias to 

cryptorchidism.  

An association between parental exposure to pesticides and the onset of hypospadias 

in neonates was found in a meta-analysis (52), but some more recent studies did not 

confirm these initial data, although they did suggest a possible link with maternal 

exposure to heavy metals or EDCs other than pesticides (53). Associations with other 

agents such as PCB and PBB were not statistically significant in studies in humans. 

However, the small sample size, due to the rareness of hypospadias in the general 

population, limits the statistical power of these studies (12). Studies of animal models 

have led to the identification of a number of endocrine disruptors capable of causing 

hypospadias. Some, such as phthalates, act by inhibiting the production of endogenous 
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testosterone, while others, like some fungicides and pesticides, block androgens from 

binding to their receptor. Exposure to multiple substances leads to synergic effects 

which exponentially increase the risk of hypospadias (54). 

The observation that the rate of cryptorchidism does not differ significantly between 

monozygotic and di- or trizygotic twins and triplets suggested an aetiopathogenetic 

role of the placental endocrine milieu. High pesticide concentrations have been found 

in the adipose tissue of cryptorchidic subjects and in the milk of their mothers (55), 

while data for biphenyls are less conclusive. High dioxin levels in maternal milk have 

been associated with a greater risk of cryptorchidism, but no similar correlation has 

been seen with placental levels (56). The anti-androgen action of phthalates produces 

a diminished testosterone concentration and high levels of LH, possibly explaining the 

correlation between exposure to these compounds and an increased risk of 

cryptorchidism (57). 

Both cryptorchidism and hypospadias are known risk factors for testicular tumours, 

especially germ cell tumours (50). Studies in humans did not find higher biphenyl 

concentrations in subjects with testicular tumours, but their concentration in the serum 

of the mothers of men with germ cell tumours was significantly increased, compatibly 

with a transgenerational effect.  

Of the other EDCs likely to be involved in the aetiopathogenesis of testicular tumours 

it is worth mentioning pesticides such as DDT and its metabolite 

dichlorodiphenyldichloroethylene (DDE), which although unused for more than 40 

years are still present in the food chain and found in the tissues of various animals (12). 

 

Impairment of spermatogenesis 

Recent decades have seen the publication of conflicting scientific evidence on the 

supposed decline of sperm quality worldwide. Environmental factors and exposure to 

EDCs have been cited by authors asserting the existence of this decline, while 

detractors have pointed to errors in the selection of the caseloads and the different 

methodologies used. Experimental evidence of the effects of endocrine disruptors on 

the production of male gametes in both adult life and in the developmental age has 
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been obtained from animal models; following in utero exposure, EDC acts on 

spermatogenesis both directly and through transgenerational effects. 

As amply discussed elsewhere, the effects of EDCs are often only seen years later. For 

this reason, transversal studies in humans are unable to provide incontrovertible 

scientific evidence of the correlation between exposure to one or more EDCs and 

impaired spermatogenesis. There is conflicting literature evidence of the correlation 

between impaired semen parameters and exposure to pesticides, PCBs and surfactants 

in adulthood. Some studies found deleterious effects on semen quality in exposed 

subjects, while others were inconclusive (5, 59-60). In contrast, intrauterine exposure 

to compounds such as diethylstilboestrol, PCBs, dibenzofuran and dioxins seems to 

have indisputable effects on all semen parameters (61-62). These data give weight to 

the hypothesis that the effects of EDCs are exponential or dominant on fertility when 

exposure occurs during intrauterine life, especially during gonadal morphogenesis 

(during the Sertoli cell proliferation phase).  

 

Effects on female fertility 

As with males, the female reproductive axis can also be affected by exposure to 

endocrine disruptors from fetal life onward (49). EDCs can change both the structure 

and the function of the reproductive organs. However, the literature evidence does not 

enable definitive conclusions to be drawn: the mechanisms of action are not yet fully 

known, and the list of potential endocrine disruptors is growing at an alarming rate. 

 

Changes to ovarian function 

In animal models, intrauterine exposure to BPA, pesticides and phthalates has been 

associated with the development of fewer primordial follicles (5, 63) following 

epigenetic mechanisms which change the expression of the genes involved in meiosis. 

After birth, exposure to the same substances (especially at high doses) accelerates 

follicle transition, with the recruitment of a greater number of primary follicles, leading 

to rapid follicular atresia (64) with an associated drop in oestrogen secretion (65). Other 

endocrine disruptors, such as parabens, some fungicides, tributyltin and 
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phytoestrogens, act at various levels on folliculogenesis, inducing atresia or reducing 

the number of lutein bodies and increasing the number of cystic follicles (66-67). There 

is an almost total lack of experimental data in humans and no conclusions can be drawn. 

Some endocrine disruptors may compromise normal ovarian hormone production, both 

directly through effects on the granulosa or theca cells and indirectly through 

involvement of the factors necessary for steroidogenesis (12). Changes in the 

concentrations of the main sex hormones can lead to different clinical phenotypes, 

depending on the dose and exposure time. In mouse models, prenatal exposure to low 

doses of BPA reduces testosterone, oestradiol and aromatase production, while at high 

doses the effects are diametrically opposed (68-69). The “partial agonism/antagonism” 

mechanism is responsible for this “U” response to some substances: at low 

concentrations they compete with the endogenous ligand, which is more efficient at 

signal translation, while at high concentrations they saturate the receptor, in any case 

causing it to be activated.  

Data from human studies are less conclusive. However, in vitro studies have 

demonstrated with reasonable certainty that phthalates and pesticides can also affect 

normal hormone production (70-71). In any case, documenting these effects requires 

highly accurate measurement of hormone levels and the ability to assess the 

steroidogenic profile as a whole, such as through use of liquid chromatography-tandem 

mass spectrometry (LC-MS/MS).  

 

Fertility, pregnancy and menopause  

As described, the effects of exposure to endocrine disruptors on steroidogenesis and 

gametogenesis result in clinical phenotypes of varying severity. Fertility may be 

compromised following hormone imbalances or morphofunctional follicular disorders; 

however, other mechanisms also seem to be involved in the impairment of female 

fertility. For example, urine concentrations of BPA have been associated with a greater 

likelihood of assisted reproduction technique (ART) failure (72), and significantly 

higher plasma concentrations have been observed in infertile women in comparison 

with controls (73). Exposure to BPA also seems to be associated with faster depletion 
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of the ovarian reserve. Data on the possible role of phthalates and pesticides on female 

fertility are inconclusive, although an association between high concentrations and 

earlier menopause has also been documented in humans (74).  

  

 

 

 

Endocrine disruptors and immune and autoimmune diseases  

 

Immune system abnormalities such as hypersensitivity, autoimmunity and 

immunomodulation can affect quality of life. Recent studies demonstrate that 

numerous chemicals introduced into the environment interfere with the human immune 

system. The consequences of such interference in developing organisms are not yet 

fully clear. However, there are some situations in which immune impairment can be 

recognised as having been caused by chemicals identified as immunotoxic. 

 

Allergies are the most common cause of chronic disease in developed countries, and 

their incidence is also rising in developing countries. Clinical data and scientific 

evidence suggest that the incidence of allergy in childhood may be linked to 

environmental aspects correlated with hypothalamus-pituitary axis (HPA) disorders. 

Inhibition or activation of the HPA during embryonal development and early childhood 

could contribute to the development of allergic responses (75). 

 

Autoimmune diseases, which are also rising sharply, are another event potentially 

induced by EDCs. To date, more than 80 systemic and organ-specific autoimmune 

diseases have been identified, producing a substantial medical and financial burden. 

Around 5-7% of the population of developing countries worldwide are affected, and 

the social cost is constantly rising. This makes these diseases an omnipresent global 

phenomenon, and their incidence is predicted to rise further over the next decades. The 

strongest rise has been seen in new cases of type 1 diabetes mellitus. Data from 17 
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European countries demonstrate a mean increase of 3.9% (1989-2003), and this is 

expected to double by 2020 with respect to 2005 (76).  

It should be remembered that the risk of onset of autoimmune diseases depends on both 

genetic makeup (intrinsic predisposition to the development of diseases) and the 

environment. For example, people of African descent living in London are four times 

as likely to develop systemic lupus erythematosus as those living in sub-Saharan 

Africa. However, direct evidence for links between environment and disease is weak, 

mainly due to the intrinsic limitations of environmental epidemiology (78). 

Furthermore, while there is largescale human exposure to phthalates, studies are often 

limited by the difficulty of classifying the diseases and by their statistical power. 

Many immune disorders are deeply rooted in the endocrine system, as the inappropriate 

activation or deactivation of endocrine pathways can disturb the equilibrium of the 

immune response in an aberrant manner: the endocrine and immune systems are in fact 

intrinsically connected to ensure the simultaneous management of infections, stress 

and reproduction (79). As discussed above, EDCs have been directly implicated in 

disorders affecting the metabolism, energy balance, thyroid function and reproduction, 

as well as in an increased risk of endocrine tumours (80).   

There is considerable scientific evidence that endocrine disruptors are involved in the 

development of autoimmune diseases. Autoimmune thyroid diseases are the most 

common organ-specific autoimmune diseases, affecting an estimated 5% of the 

population (81). They are caused by disruption of the interaction between the 

thyrocytes (the cells that are the functional units of the thyroid) and the immune system 

(T lymphocytes), culminating in an autoimmune reaction in which the immune system 

attacks the organ. There is considerable scientific evidence that EDCs can affect the 

aetiology of these diseases, perhaps by modifying the normal immune-endocrine 

interaction and forcing it along an autoimmune pattern (5, 82).  

 

EDC and endometriosis 

Endometriosis is the most common cause of pelvic pain and infertility in women. 

Cytokines and growth factors have been indicated as factors involved in its onset (83). 
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Numerous clinical studies demonstrate a direct correlation between plasma 

concentrations of phthalates and their esters (plasticisers) and endometriosis (84). 

Dioxins have also been implicated (85-86). Dioxin-like compounds and PCBs 

(synthetic mixtures used as paints, resins, plastics, printing inks and glues) have been 

found in high concentrations in the blood of women with endometriosis (87-88). 

Accidental exposure to dioxins following the previously mentioned industrial accident 

in Seveso, Italy resulted in an increased risk of endometriosis (89). However, despite 

the evidence linking EDCs in the blood to endometriosis, there is little evidence 

suggesting a mechanism or establishing a causal relationship. The action of these 

chemicals on the aryl receptor was recently highlighted, producing new lines of 

research. 
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