
En

E

Pe

d

Pa
a C
b In

(C3

C. R. Biologies 340 (2017) 446–452

A 

Art

Re

Ac

Av

Ke

Ty

Ob

En

Ch

Xe

Fet

Mo

Dia

Ob

Pe

Po

Xé
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A B S T R A C T

The prevalence of type-2 diabetes has dramatically increased worldwide during the last

few decades. While lifestyle factors (sedentariness, noxious food), together with genetic

susceptibility, are well-known actors, there is accumulating evidence suggesting that

endocrine disrupting chemicals (EDCs) may also play a pathophysiological role in the

occurrence of metabolic diseases. Both experimental and epidemiological evidence

support a role for early and chronic exposure to low doses of chemical pollutants with

endocrine and metabolic disrupting effects. Most are present in the food chain and

accumulate in the fat mass after absorption. In rodents, bisphenol A stimulates synthesis

and secretion of pancreatic b cells and disturbs insulin signaling in liver, muscle and

adipose tissue through epigenetic changes leading to insulin resistance and b cell

impairment. In humans, epidemiological reports show statistical link between exposure to

pesticides, polychlorinated bisphenyls, bisphenol A, phthalates, dioxins or aromatic

polycyclic hydrocarbides or heavy metals and DT2 after acute accidental releases or early

in life and/or chronic, low doses exposure. More prospective, longitudinal studies are

needed to determine the importance of such environmental risk factors.
�C 2017 Published by Elsevier Masson SAS on behalf of Académie des sciences. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

R É S U M É

La prévalence du diabète de type 2 a considérablement augmenté dans le monde, sans qu’il

soit possible d’expliquer cette pandémie uniquement par une prédisposition génétique et/

ou des changements de style de vie (sédentarité et suralimentation). Des arguments

expérimentaux et épidémiologiques soutiennent un rôle pour l’exposition à des polluants

chimiques perturbateurs endocriniens (PEs) interférant avec les systèmes de régulation

hormonaux critiques pour l’homéostasie énergétique. Beaucoup sont présents dans la

chaı̂ne alimentaire et, après absorption, sont séquestrés dans le tissu adipeux. Chez les

rongeurs, l’exposition au bisphénol A altère la synthèse et la sécrétion d’insuline dans les

cellules bêta-pancréatiques, ainsi que la signalisation de l’insuline dans le foie, le muscle
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. Introduction

The current prevalence of diabetes and obesity is
nprecedented. In 2013, the World Health Organization

HO) reported that 347 million people suffer from diabetes
ll over the world (90% of them have type-2 diabetes) [1,2],
hereas the same organization predicted earlier in the 2000s

 number of 330 million people with diabetes in 2030
]. More recently, a report of the International Diabetes

ederation (IDF) estimated this number to 382 million
eople in the world, for a prevalence of 8.3% [4].

Based on data extracted from the US Centers for Disease
ontrol and Prevention (CDC) between 2005 and 2008, and
om IDF Diabetes Atlas, 24.4 million American people
eyond 20 years of age (comparative prevalence of 9.2%)
ave been diagnosed or undiagnosed with diabetes [4,5] in
rance, more than 3.3 million (comparative prevalence of
.4%) people have diagnosed for diabetes [5]. The total
irect medical costs and indirect costs (disability, work
ss, premature death) associated with diabetes in the US

uring 2007 was $174 billion [4], and more recently $245
illion (with an individual cost of $9800 per year) [4,5], and
15 billion in France (with an individual cost of s5406 per
ear) [1,5]. Moreover, 31.2 million American people and
.7 million French people (comparative prevalence of
2.3% and 6.6%, respectively) in this age category are
stimated to have prediabetes, which is a predictor for the
evelopment of diabetes [4,5]. Furthermore, the preva-
nce of obesity worldwide had doubled since 1980 [1],

nd tripled in children and adolescents between 2 and
9 years of age. This trend is also apparent in preschool
hildren between 2 and 5 years of age [6], and more
ecently in developing countries.

The reasons for this rapid increase in diabetes and
besity remain unclear. Excess caloric consumption and a
edentary lifestyle are undoubtedly key causal factors for
besity and diabetes. However, there is growing interest

 the contribution of ‘‘non-traditional’’ risk factors as
dustrial micronutrients, gut microbiome changes and

nvironmental endocrine disrupting chemicals, to the
tiology of metabolic diseases. Indeed, increased body
eight has also been reported in pets and laboratory

nimals over the past decades and could not be explained
y changes in dietary patterns and/or physical activity.
hile the development of synthetic chemistry has drasti-

role of environmental chemicals in diabetes and obesity has
rapidly expanded in the past several years, suggesting that
environmental disruption of metabolism could constitute
the ‘‘paradox of progress’’ as cited by Neel and Sargis [7]. In
2011, the US National Institute of Environmental Health
Sciences (NIEHS) organized a state-of-the-science work-
shop and concluded that the existing literature provided
plausibility, varying from suggestive to strong, that expo-
sure to environmental chemicals with endocrine and
metabolic disrupting effects may contribute to the epidemic
of diabetes and/or obesity [8].

There is also growing evidence that exposure to these
endocrine disrupters such as xenoestrogens, when occur-
ring during critical periods of embryonic development,
could cause permanent changes by programming gene
expression and unexpected effects on metabolism. These
observations could be compared with the human unwill-
ing experiment of fetal exposure to diethylstilbestrol
(DES), a potent estrogen compound used in the prevention
of miscarriages until 1975. An increased risk of different
pathologies, including genital malformations, infertility
and hormone dependent cancers have been reported in
these exposed children [9]. More recently, DES exposure
was related to obesity in mice, with the same phenotype
than previously described in children with in utero growth
retardation who exhibited a low birth weight followed by a
‘‘catch-up’’ period resulting in increased body weight (also
known as thrifty phenotype, the best predictor of insulin
resistance) [9]. This concept is quite similar to the one
proposed by David Barker [10], based on the deleterious
fetal nutritional environment leading to intra-uterine
growth retardation and influencing the later occurrence
of adult metabolic syndrome, as well as obesity, type-2
diabetes and cardiovascular diseases, known as the
Developmental Origin of Health and Disease (DOHaD)
hypothesis, underlying the critical window of fetal period
for exposure to EDCs. This DOHaD hypothesis can be now
extended to many deleterious fetal environmental factors
such as, maternal stress, noxious diet, toxic exposure,
hyperglycemia, which could influence growth in utero and
postnatal development through epigenetic modifications
[11]. Indeed, there are both in vivo and in vitro expe-
rimental data and epidemiological evidences that support
the hypothesis that exposure to endocrine and metabolic
disrupting pollutants during critical periods could be

squelettique et le tissu adipeux, entraı̂nant des modifications épigénétiques program-

mant à distance résistance à l’insuline et/ou défaillance cellulaire b. Des études

épidémiologiques humaines suggèrent un lien étroit entre exposition à certains

pesticides, bisphényls polychorés, bisphénol A, phtalates, dioxines, hydrocarbures

aromatiques polycycliques, métaux lourds et DT2, après des expositions accidentelles ou

dans le cadre d’études transversales. Mais il est nécessaire de réaliser des études

longitudinales prospectives, de mieux comprendre les mécanismes moléculaires et

d’identifier des marqueurs précoces d’exposition chronique à faibles doses de ces

molécules chimiques afin d’évaluer l’importance de tels facteurs de risque.
�C 2017 Publié par Elsevier Masson SAS au nom de Académie des sciences. Cet article est

publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
nvolved in the pandemic of type-2 diabetes.
ally improved our quality of life, research addressing the i

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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 Experimental data

DT2 is characterized by increased insulin resistance
d pancreatic beta cell dysfunction. Obesity is the main
vironmental factor driving the increased incidence

 DT2. Obesity, especially visceral or central obesity, is
sociated with insulin resistance that promotes b cell
oliferation leading to hyperinsulinemia, metabolic syn-
ome and later to DT2. Endocrine and metabolic dis-
pting pollutants are able to facilitate the occurrence of
ntral obesity as reviewed in [12]. However, obesity is
ither necessary nor sufficient to cause T2D. We will
cus here on chemical pollutants able to directly
fluence insulin resistance and/or pancreatic b cell
nction deterioration.

. In vivo animal studies

A number of chemicals including persistent organic
llutants such as dioxins, furans, chlorinated pesticides,
lychlorinated biphenyls (PCB) flame-retardant polybro-
inated diphenyl ethers, organochlorine bisphenyls,
rfluorinated acids (PFOA, PFOS), non-persistent pollu-
nts such as phthalates, bisphenol A or tributyltin, or
avy metals such as cadmium, arsenic or mercury, have
en shown to induce biological effects that alter glucose
meostasis after acute or chronic exposure in mice and
ts. Adult mice exposed to TCDD (Seveso Dioxin)
hibited reduced glucose-stimulated insulin release, an
fect absent in AhR (Aryl hydrocarbon receptor)-null
ice [13]. Concerning pesticides, atrazine promotes
sulin resistance [14] and malathion exposure results

 increases in both glucose and insulin levels in rats
5]. PCB126 and PCB77 were shown to impair glucose
lerance with induction of insulin resistance when
upled with a low-fat diet [16]. PCB mixture aroclor
54 induced insulin resistance in both lean and diet-

duced obese states [17]. Aroclor1260 administered to
ice fed a high-fat diet altered carbohydrate metabolism

 multiple levels, highlighting the additive role of dietary
etabolic stressors in the effects of EDCs [18].

While acute exposure of male mice to BPA led to a rapid
crease in plasma insulin and in a corresponding decrease
 plasma glucose, chronic exposure to BPA was found

 induce hyperinsulinemia and also to reduce insulin
nsitivity, suggesting that BPA may be a diabetogenic
ctor per se. Interestingly, the impairment in insulin
tion occurred despite an increase in b-cell insulin
ntent and especially appeared when mice were exposed

 BPA orally or by subcutaneous injection [19]. One
planation is that BPA operates through several pathways
d mechanisms that independently increase insulin
nthesis, while simultaneously inducing peripheral in-
lin resistance in adipose tissue, liver and especially in
eletal muscle due to impairments of insulin signaling
0]. Furthermore, insulin resistance observed after
ronic exposure to BPA may consist in an adaptive cruise

 higher insulin levels in order to limit hypoglycemia
1]. Chronic exposure to BPA led also to changes in whole-
dy energy homeostasis, by a direct effect of BPA on the
ntral nervous system responsible for lower energy intake

and for lower energy expenditure [20]. These results are
similar to those observed in experimental models exposed
with TCDD, diethylhexyl phthalate (DEHP) or tributyltin,
an organotin used as biocide in anti-fouling paint in order
to prevent the settling of organisms on the hulls of large
ships. Cadmium exposure has been shown to promote
glucose intolerance with a specific reduction in adipose
expression of GLUT4 [22] and in vivo exposure to arsenic
promotes glucose intolerance with concordant insulin
resistance [23].

2.2. Perinatal exposure

Results from experiments using animal models have
demonstrated that nutritional changes during pregnancy
can directly affect the programming of metabolically active
tissues and can induce type-2 diabetes, in their offspring
[24]. In addition to nutritional changes, exposure to
EDCs in animal models also alters glucose homeostasis
in mothers and their offspring when they become adults.
For example, prenatal exposure of mice to DES resulted in a
significant decrease in body weight during treatment,
which was followed by a ‘‘catch-up’’ period around
puberty, and then finally resulted in a significant increase
in body weight associated with an increase in the percent
of body fat after two months of age. Increased body weight
was maintained throughout adulthood and DES-treated
mice exhibited higher levels of adiponectin, leptin and
IL-6, as well as altered glucose levels [9]. Perinatal DDT
exposure in rats impairs thermogenesis and the metabo-
lism of carbohydrates and lipids, which may increase
susceptibility to the metabolic syndrome in adult female
offspring [25]. Exposure to low doses of PFOS during
gestation and early postnatal development resulted in
glucose intolerance and insulin resistance [26]. In a rat
model, females exposed to phthalates (DEHP) throughout
gestation and perinatal development, exhibited in off-
spring, hyperglycemia in the presence of reduced insulin
levels and reduction in b cell mass [27]. Results with
perinatal exposure to BPA are controversial. While initial
studies reported that oral exposure to BPA during
pregnancy and lactation increased the body weight of
adult male and female offspring [28], more recent reports
showed very mild phenotypes. These discrepancies
between the studies may be explained by all the differences
in experimental design, dosage or both [19]. More recently,
effects of BPA exposure during mice pregnancy were shown
to mimic the effects of a high-fat diet altering glucose and
lipid metabolism [29]. In any case, BPA exposure during a
short time during pregnancy may affect the metabolic
programming (weight and glucose metabolism) of offspring
later in life, but also the metabolic state of the mother in the
long-term.

2.3. In vitro experimental studies

Several studies reported that organic pollutants could
enhance insulin resistance in vitro by a direct action on
adipocytes. For example, cultured and differentiated
mouse adipocytes 3 T3-L1 cells exposed to a mixture of
persistent organic pollutants had an impaired response to
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sulin (especially with organochlorine pesticides) and
xhibited a down regulation of insulin-induced gene-1
nsig-1) and Lpin1, two key regulators of lipid metabolism
0]. Exposure of mouse and human cultured cells to

hthalates, especially mono-(2-ethylhexyl)-phthalate
EHP) and monobenzyl-phthalate (MBzP), led to activa-

on of PPARa and PPARg, and then to fatty acid oxidation
nd to a strong adipocyte differentiation [31]. Despite
ontroversial data, some dioxins (especially 2,3,7,7-tetra-
hlorodibenzo-p-dioxin, TCDD) were demonstrated to

pair glucose uptake by the adipose tissue and the
ancreas (due to a reduction in GLUT4 and glucokinase
xpression), as well as insulin secretion [32]. Bisphenol A
PA), or 2,20-bis-4-hydroxyphenyl-propane, is one of the

ighest volume chemicals produced worldwide. It was
rst designed in the late 1890s as a synthetic estrogenic
ompound and was investigated for potential commercial
se in the 1930s; although its estrogenic activity had been
onfirmed, BPA has been substituted for DES, which
xhibited far more potent estrogenic effects [33]. Due to
s heat resistance and its elasticity, a use for BPA was
entified in the plastics industry during the 1950s. It is

urrently used in the manufacturing of polycarbonate
lastic and epoxy resins, notably contained in bottles, food
torage containers, and dental sealants [34], explaining
hy most people have detectable levels of BPA in their

rine [35] and in their serum [36]. Although much of the
oncern regarding BPA toxicity focused on reproductive
ealth and development, more recently DES and BPA were
hown to induce in freshly isolated islets of Langerhans a
apid glucose-induced Ca2+ signal, which is a key messen-
er responsible for insulin secretion [37]. Exposure to a
ingle low dose of BPA decreased blood glucose levels and
imultaneously increased serum insulin levels, but led to
ost-prandial hyperinsulinemia leading to insulin resis-
nce, especially in peripheral tissues such as adipocytes,

ver and skeletal muscle [19]. The augmentation in b-cell
sulin content and release after BPA exposure appears
 be a direct result of its estrogenic properties, as these

ffects were not observed in ERa-knockout animals
19]. However, these rapid actions of BPA occurred via a
on-classical estrogen-activated pathway, as they were
ot counteracted by the antiestrogen fulvestrant [38],
volving probably GPER [39] and/or ERb [40] and/or

strogen-related receptor g (ERRg) [41]. Human adipo-
ytes have been demonstrated to be also an important
arget of BPA, which could reduce adiponectin produc-
ion and secretion [42] and enhance adipocyte differen-
iation and lipid accumulation [43], leading to an

sulin-resistant state that may result in type-2 diabetes
hen combined with a genetic predisposition, an excess

aloric consumption and/or a sedentary lifestyle.

.4. Cellular and molecular mechanisms

However, effects of EDCs are not limited to interactions
ith ERs and PPAR. Indeed, EDCs are classically able to
duce changes in gene expression that may persist
roughout life, despite no change in DNA sequence, also

nown as epigenetic modifications, including DNA meth-
lation, histone modifications and expression of non-coding

RNAs (microRNAs, picoRNAs. . .). Multiple lines of eviden-
ces from animal models have established that epigenetic
modifications due to in utero exposure to EDCs, especially
DNA methylation, can induce alterations in gene expres-
sion that may persist throughout life [44,45]. The epige-
netic effect of BPA was clearly demonstrated as maternal
exposure to BPA shifted the coat color distribution of viable
yellow mouse offspring toward yellow by decreasing
CpG methylation of the Agouti gene [44]. Thus, in utero
and perinatal exposure to BPA may induce DNA hyper-
methylation and/or hypomethylation of several gene
promoters, as well as histone modifications and expression
of miRNAs, which may contribute to alter glucose metabo-
lism and b-cell failure, as observed in type-2 diabetes. These
non-genomic mechanisms may also be involved in the
transgenerational transmission of this programmed defect
[46,47], as previously described for reproductive tract
abnormalities and subfertility induced by in utero
exposure to DES [48]. Epigenetics represents likely the
molecular link [49] between environmental factors and
T2D as illustrated by fetal BPA exposure in rat, which
results in glucokinase gene promoter hypermethylation,
contributing to insulin resistance in adulthood [50] and
in F2 generation [51].

3. Epidemiological evidence of diabetogenic pollutants

The current debate about the metabolic effects of EDCs
is focused primarily on the results of in vitro experiments
and on in vivo animal models. However, despite several
strong arguments, the extrapolation of animal results to a
hazard for human health remains difficult, as humans are
daily exposed to a complex mixture of toxicants.

3.1. Accidental exposures

Initial data linking diabetes to environmental pollu-
tants have come from epidemiological studies performed
after acute and accidental releases of EDCs. The explosion
of a chemical plant in Seveso, Italy, was responsible for
a massive and acute release of dioxins in the summer
of 1976; follow-up studies showed, several years after
this environmental disaster, an increased risk of diabetes
in exposed people, especially in women [52]. The study
of military personnel exposed to dioxins contained in
herbicide orange used by the US military program,
Operation Ranch Hand, during the Vietnam War, revealed
the same association between serum TCDD concentra-
tion and the prevalence of type-2 diabetes (relative
risk [RR] = 1.5; [95% CI: 1.2–2.0]) [53]. Consumption of
adulterated rice bran cooking oil in a group of Taiwanese,
also known as the in Yu-cheng incident, was related to
a higher prevalence in type-2 diabetes, especially in
women (odd ratio [OR] = 2.1; [95% CI: 1.1–4.5]), due to a
contamination with polychlorinated biphenyl ethers
(PCBs), dioxins and furans [54]. Same recent observations
were performed with indirect consumption of persistent
organic pollutants (POPs) including organochlorine pol-
lutants, heavy metals and metabolites of the insecticide
DDT, despite its ban in 1972 because of its toxicity on
fertility [55].
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A major limitation of these studies using occupational
horts is that in many cases, the exposure occurs many
ars before the analysis is undertaken; thus levels of
Ps are usually estimated by questionnaires or by back

lculation from serum or urine concentrations measured
any years later, while the half-life of each pollutant
ay easily vary according to the conditions of sample
eservation. Furthermore, most of these occupational
dies focused on exposure to one EDC at a time, while the

orker cohorts are usually exposed to a whole mixture
 toxicants, often in large concentrations; therefore,
e results could be confounded by exposure to other
emicals, so that they may not reflect the exact risk
curred by the general population.

. Cross-sectional transversal studies

Epidemiological studies performed on non-occupation-
populations are very suggestive of an independent

sociation between POPs exposure and diabetes. Never-
eless, they have been focused on individuals who live

 heavily polluted areas (Scandinavia, Great Lakes), raising
e matter of the control group that has been chosen
6]. Indeed, the diet could act as a confounder in esta-
ishing the causality between exposure and diabetes and
tween exposure and obesity, as most of those people (the
ses as well as the controls) are daily exposed to POPs, via
od intake and water drink. For this reason, the spectacular
ncordance between the evolution of diabetes prevalence

 the United States and the national production of synthetic
ganic compounds should be carefully considered [7].
The data showing a link between EDCs exposure and

abetes in general population studies mainly comes
m the US National Health and Nutrition Examination
rvey (NHANES), which is an American food consumption
tabase program that began in 1960 and was designed to
sess the health and nutritional status of adults and
ildren in this country. Since 1999, this program includes
sting of blood and urine for an extensive number of
emicals and monitors yearly 5000 to 10,000 representa-
e persons, with a cross-sectional analysis performed each
o years. Those analyses showed that most participants
d detectable blood and/or urine levels of several
emicals (in particular BPA) and that diagnosed or self-
ported diabetes was strongly associated with exposure to
Bs, dioxins, p,p0-DDE, phthalates and also BPA (with an OR
aching 2.74; [95% CI: 1.44–5.23]) after adjustment for age,
nder, body mass index and ethnicity [57,58]. However, it
interesting to notice that a recent systematic review
owed that the positive correlation observed between
Cs exposure (in particular BPA or phthalates exposure)
d diabetes was found only in the 2003/2004 NHANES
rvey or in pooled data that included the 2003/2004 survey
9,60]. Other cross-sectional studies among the world
ported suggestive hints of strong association between
abetes and prediabetes and EDCs exposure [61,62].

. Prospective, longitudinal studies

Recently, Sun et al. compared the prevalence of diabetes
 US women from the Nurses’ Health Study (NHS an

NHSII) according to their levels of BPA and phthalates
assessed from blood and urine samples collected 5 to
10 years before [63]. After adjustment for BMI, they showed
in this prospective, longitudinal case/control study, a
positive correlation between urinary BPA and butyl-
phthalate concentrations and incident type-2 diabetes in
the premenopausal participants (NHSII), but not in the
older NHS counterparts [63]. However, some several
limitations with these epidemiological studies should be
highlighted, as detailed by Magliano et al. [56]. As in any
observational study, the association between EDCs expo-
sure and diabetes does not establish causality. Further-
more, many of the above studies (excepted for the NHS and
the NHSII) were designed to correlate diabetes prevalence
with current EDCs levels, while their current levels may
strongly differ from concentrations during disease devel-
opment. Moreover, EDCs are usually highly correlated
with each other, and it is not always possible to precisely
determine the independent effect of each chemical
compound when people are daily exposed to a whole
mixture. Finally, the association between EDCs exposure
and diabetes may be due to confounding by fat mass, as
most of EDCs are stored in adipose tissue, and/or energy
dense diet, especially sweet beverages from tinned cans,
which contain a large amount of EDCs. Further higher
levels of POPs were related to diabetes only in overweight
patients, suggesting that EDCs exposure may have a
synergistic effect with increased adipose tissue on the
risk of type-2 diabetes [64]. An interesting case/control
Canadian study compared recently menopausal obese
women (BMI > 30 kg/m2). For similar age, BMI, and fat
mass index metabolically healthy obese (MHO) women
(30 to 40% of obese patients) showed less visceral adipose
tissue, higher insulin sensitivity levels and a more favo-
rable cardiometabolic profile than in metabolically
abnormal (MAO) obese women. MHO was associated
with lower plasma levels of several dioxin-like and non-
dioxin-like persistent organic pollutants, suggesting that
POPs should be considered as real risk factors for visceral
obesity, insulin resistance, and DT2 [65].

4. Conclusion

Genetic predisposition and environmental factors such
as overnutrition and sedentariness play key roles in the
etiology of DT2. However, humans are daily exposed to a
whole mixture of hormonally active chemicals that have
additive actions and that must now also be taken into
account as a serious risk factor for the development of
type-2 diabetes, especially in developing countries where
exposure to EDCs may still be high for decades to come.
Thus, while extrapolation of animal results to human
health could be hazardous, there are now numerous
experimental studies performed with doses similar to
those found in humans showing that many persistent or
non-persistent organic pollutants present in our environ-
ment should be considered as endocrine and metabolic
disrupters. They may represent the next risk factors for
DT2 by acting at three levels, insulin resistance, obesity,
and/or b cell function. Several epidemiological studies
among the world suggested that there should be a strong
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ssociation of diabetes with exposure to common EDCs,
specially for organic pollutants. Those observational
tudies analyzed one EDC at a time, rather than the whole
ixture of EDCs to which individuals are daily exposed.

urthermore, this kind of study cannot demonstrate
ausality. Additional prospective, longitudinal studies are
eeded to definitively confirm or refute the link between
DCs exposure and type-2 diabetes. It is also necessary
o identify biomarkers of duration and intensity of EDCs
xposure and to recognize early induced molecular

printing (epigenetic modifications) on liver, adipose
issue, pancreatic beta cells and muscle. Another key issue

 that EDCs can exhibit worse effects at low doses (below
hose used for traditional toxicological studies) that are
ot predicted by effects at higher doses, especially BPA
6]. Finally, the relative meaning of such new factors in

omparison with genetic and other environmental factors
emains still to be determined. Meanwhile, the precau-
ionary principle concerning EDCs exposure should be
dopted in medical practice, especially during the most
ensitive periods of life, such as infancy and pregnancy.
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