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Abstract

The present review is to evaluate the current state of knowledge in regard
to health effects of endocrine disrupting chemicals (EDCs) in humans, with
a special reference to recently published research. The primary target audi-
ence aside from scientists will be policymakers, public health professionals,
and health practitioners who need an up-to-date broad understanding of
the issue in the form of a concise compilation of peer-reviewed literature.
The main goal serves to synthesize recent research findings regarding the
most important toxicological mechanisms associated with EDCs and recent
advancements in understanding their health effects. A major emphasis is
placed on research that has been published in peer-reviewed journals over
the past years, with less attention being given to systematic reviews. Infor-
mation found in the literature bears a description of current knowledge of
the human health effects of EDCs, focusing on recent scientific publications.
Greater familiarity with the complexities of EDC exposure routes, mech-
anisms, and the large variety of chemicals that have endocrine-disrupting
properties is also aimed. By detailing the state of research, it is hoped
that the review may help clarify the complexities for regulatory authorities,
enabling for more accurate decision-making with regards to management
of EDCs. Additionally, this contribution is intended to advance the cur-
rent public health and regulatory debate about EDCs, by highlighting the
challenges faced in regulation and proposing potential directions for their
effective management.
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1 Introduction
Endocrine disrupting chemicals (EDCs) have been the
subject of intense concern in the public, regulatory,
and scientific communities due to their implications
for human health [1]. A growing body of evidence has
implicated EDCs in a number of adverse health effects,

including reproductive and developmental disorders,
as well as non-targeted outcomes, such as neurological
and immune disorders, which may share a develop-
mental origin. This growing recognition has driven
efforts by scientists, public health professionals, and
policy-makers to better understand the mechanisms of
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EDC action and to develop new regulatory and public
health measures that protect vulnerable populations.
Given the complexity and scope of the problem, the
analysis is best framed from a multidisciplinary per-
spective that encompasses toxicological, public health,
and regulatory challenges associated with EDCs. The
outlines of the following discussion are an overview of
the intertheoretical domains and how they intersect in
describing where the science is today, and where there
is a grand need for further research as it applies to
EDCs. To provide a context for the following discus-
sion, discussions include important current issues, in
a broader context of emerging environmental aware-
ness, and an overview of the areas to be covered in the
following discussion [2]. The last four decades have
seen a major international increase in environmental
awareness, accompanied by a host of grass-roots en-
vironmental movements and a variety of governmen-
tal actions to address the health and safety aspects of
an industrial society. While some of these steps have
met with success, several highly consequential areas
remain of great concern, in particular the question of
exposure to anthropogenic xenobiotics and their pu-
tative implications for human and ecosystem health.
This concern has been fueled by a large and growing
body of evidence from laboratory studies, wildlife, do-
mestic animal, and human monitoring suggesting that
a variety of synthetic compounds can mimic, antago-
nize, or alter the synthesis, metabolism, or clearance
of endogenous hormones, leading to a range of ad-
verse consequences [3]. Periodically, particular groups
of compounds were identified as posing risks, but the
present situation, with highly complex synthetic mix-
tures of tens of thousands of compound classes, and
the widespread nature of exposure, is unprecedented.
It is in this context that a review of the current state
of knowledge is presented, which reveals the urgent
need for evidence-based regulation and public health
interventions regarding EDC exposure [4]. See Figure
1.

Figure 1: Endocrine-Disrupting Chemicals’ (EDCs) [4].

1.1 Background and significance
Endocrine disruptors, otherwise known as endocrine
disrupting chemicals (EDCs), have generated increas-
ing public concern over the past few decades for a va-
riety of reasons. This concern was greatly amplified
in 2016 by reports that EDC-related health problems
in the United States cost as much as 340 billion dol-
lars annually in treatment, lost wages,... and other
societal costs. This article reviews toxicological mech-
anisms of EDCs, then discusses the vast array of fac-
tors that have made them such a formidable challenge
for public health policy, including unique complexities
in scientific testing and classification. In the context
of this discussion, EDCs simply are exogenous chem-
icals, different from biological hormones, that disrupt
the endocrine system [5]. EDCs are found in food and
various forms of packaging, the environment, as well
as many other consumer products. These chemicals
can interact with endocrine system receptors, simi-
larly to natural hormones. EDCs can block binding
of natural hormones to receptors, thereby inhibiting
normal endocrine signaling, or they can imitate nat-
ural hormones, constantly stimulating receptors even
when natural hormones are not present [6]. There are
implications for affecting gene expression and DNA
replication and repair. In short, these mechanisms
allow EDCs to interfere with many different aspects
of endocrine signaling pathways [7]. A wide range of
populations can be affected by these chemicals, but
children and pregnant women are at particular risk.
The critical need to connect environmental exposures
to health outcomes through a concerted research effort
is outlined because toxicological mechanisms are often
quite difficult to definitively establish. For these rea-
sons, it is necessary to gain a more comprehensive un-
derstanding of the pathways in which these chemicals
affect human health. At a more fundamental level, this
includes pathways that occur in wildlife, when consid-
ering EDCs in the broader socio-environmental con-
text. There can be reduced fertility rates, early, late
or premature puberty, and even adverse health effects
in utero. These effects can have profoundly unequal
socio-economic implications. Similarly, understanding
of the complex societal implications of the link between
EDCs and health issues is still in its early stages. Thus,
ongoing research and public awareness campaigns are
crucial given the persistence and ubiquity of EDCs [8].

2 Endocrine system: Structure
and function

Understanding of the structure and function of the en-
docrine system is essential for a complete appreciation
of the toxicological mechanisms underlying endocrine
disrupting chemicals (EDCs). The endocrine system
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is a unique collection of glands that secrete hormones,
which circulate throughout the body and act as chemi-
cal messengers that regulate various physiological pro-
cesses 3. It is intricately involved in the maintenance of
homeostasis, governing processes such as metabolism,
growth and development, and the stress response. Al-
though the system is made up of multiple components
that can be discussed individually, it is important to
recognize that the glands of the endocrine system are
interconnected. This plays a crucial role in the sys-
tem’s regulation, as the hormone(s) secreted by one
gland can directly impact other glands in the system
in a cascading, or domino-like, effect [9]. The inter-
connectedness of the endocrine system helps to ensure
that it is attuned to changing circumstances, such as
shifts in internal composition, in order to effectively fa-
cilitate the maintenance of homeostasis. Disruption of
the endocrine system’s normal functions is, by nature,
a complex process, as it involves the dysregulation of
a system that is highly integrated and exquisitely bal-
anced. However, there are often a multitude of points
where this balance can be perturbed, and even rela-
tively minor disruptions could have sweeping effects.
Similarly, understanding the layout of the endocrine
system as a whole, along with the complex and dy-
namic nature of its hormonal interactions, is a nec-
essary foundation for comprehending how endocrine
function can be disrupted by EDCs [10].

2.1 Overview of the endocrine system

The endocrine system is one of the two main systems
of intercellular signaling in humans, and conveys in-
formation by means of chemical signals that travel in
the bloodstream. Hormones are the main type of sig-
naling molecule within the endocrine system, and can
influence various physiological processes in target cells
[11]. The endocrine system is composed of a network of
major glands, including the hypothalamus, pituitary,
thyroid, pancreas, ovaries, testes, and adrenal glands,
that work together to regulate metabolism, growth,
development, and reproduction in the human body.
Hormones and signaling molecules control a wide va-
riety of bodily functions including but not limited to
mood, growth, metabolism, and sexual differentiation.
Hormones are used to communicate between organs
and tissues for physiological regulation and behavioral
activities, such as digestion, metabolism, respiration,
tissue function, sensory perception, sleep, excretion,
lactation, stress, growth and development, movement,
and, for instance, mood [12]. The endocrine system
has a role in multiple mechanisms – integrating be-
havior, life-histories, and evolution – affecting diverse
systems including neural, immune and reproductive
function.

The pituitary gland is a major component in the
endocrine system, and is the primary regulator of
homeostasis. It is located at the base of the brain
and is closely connected with the hypothalamus. Ade-
nohypophysis, or anterior section, releases hormones
and influences the activities and production of other
glands including the thyroid and adrenal cortices. The
adenohypophysis is known as the master gland, as it
is interrelated with a multitude of hormonal systems.
This gland works in conjunction with the gonads and
olfactory systems, and is essential in physiological pro-
cesses and immunity. The posterior pituitary lobe,
the neurohypophysis, is responsible for the release of
hormones. This involves two main hormones, oxy-
tocin and vasopressin, which regulate activities such as
breast milk production and the conservation of water
within the human body, respectively. This is an impor-
tant function, as the body’s requirement of oxytocin
increases generally just before and during parturition,
stimulating the contraction of the uterine muscles, and
the pressing of the milk from the cells to the breast-
feeding outlet. A deficiency in vasopressin is an un-
derlying cause of diabetes insipidus [13]. The thyroid
gland produces T3 and T4, which regulate metabolic
function, growth and normal development in animals.
It is controlled by the pituitary gland, which releases
thyroid-stimulating hormone. The adrenal glands are
two glands located above the kidneys, and secrete al-
dosterone and cortisol. The former assists in the regu-
lation of salts, and the latter assists with metabolism
regulation and the body’s response to stress. Addi-
tionally, it works to regulate immune responses – more
specifically, preventing the body from attacking itself.

2.2 Key hormones and their functions
The endocrine system is a complex network of glands
that produces and secretes hormones. Hormones are
chemical messengers that affect target cells, which are
located far from endocrine glands, and regulate many
physiological functions. Once hormones are released
into the bloodstream, they spread rapidly throughout
the whole body. The endocrine system is made up
of several glands, each of them capable of producing
different hormones. Metabolism is regulated by hor-
mones such as insulin and cortisol. Thyroid hormones
control metabolism as well as growth development.
Stress response is under the control of more systems,
such as the corticotrophin-releasing hormone system.
It is mediated by the hypothalamic-pituitary-adrenals
system, which controls the levels of cortisol. Immune
cells are also targets for cortisol actions; it modulates
immune cells proliferation, cytokines production and
phagocytosis efficiency. Gonadal hormones, such as
estrogen and testosterone, have a key role in the re-
productive system and control the development of sec-
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ondary sex characteristics [14]. Although their produc-
tion starts at puberty, their synthesis is active starting
from very early life to allow the correct development
of primary sex characteristics.

Homeostasis is maintained by hormonal regulation
through numerous negative feedback loops responding
to internal changes. Whenever these changes occur,
the system attempts to counteract them by compen-
sating through the secretion of adequate hormones.
When blood glucose levels raise over a certain value,
the pancreas rapidly secretes insulin, that enables the
absorption and storage of glucose by cells. Simi-
larly, when blood glucose levels drop below a certain
value, as a result of food deprivation, the pancreas se-
cretes glucagon that stimulates the liver to synthesize
molecules capable of increasing blood glucose levels.
This and many other negative feedback loops allow
the maintenance of physiological values. Indeed, dis-
ruptions in these systems can lead to the onset of dis-
eases, such as diabetes or thyrosis. Furthermore, the
same hormone may be produced in different glands de-
pending on the target system. For instance, cortisol
may be produced by the adrenal cortex in response to
stress, or by the placenta during pregnancy, to increase
cortisol levels in order to promote the maturation of
fetal organs.

3 Endocrine disrupting chemi-
cals (EDCs)

Endocrine disrupting chemicals (EDCs) are defined
as “exogenous agents that interfere with the produc-
tion, release, transport, metabolism, binding, action,
or elimination of natural hormones in the body re-
sponsible for the maintenance of homeostasis, repro-
duction, development and/or behavior”. EDCs in-
clude a wide range of chemically diverse substances
such as organochlorine pesticides, phthalates, diox-
ins, polychlorinated biphenyls, surfactants, fire retar-
dants, food additives, and pharmaceuticals. Based on
their chemical structure and effects, EDCs are clas-
sified into several groups including: e.g. estrogenic,
anti-estrogenic, toxicant chemical that affects sex hor-
mone system, toxicants. EDCs can be derived from
various sources including plastic, industrial, and in-
door and outdoor air. Plastics, bisphenol-A, alkylphe-
nolethoxylates, and surfactants are released from in-
dustrial products and when they degrade have been
found as pollutants in freshwater aquatic systems [15].
Although EDCs in water are filtered, they are still
found in freshwater fish. Apart from industrial prod-
ucts, EDCs are also found in agricultural chemicals,
household products such as cosmetics, cleaning prod-
ucts, and detergents. Women’s personal care prod-
ucts, e.g. sunscreen lotions, and household cleaning

products have been shown to contain chemicals with a
potential EDC effect. In addition, various other prod-
ucts such as pesticides, advanced coating materials,
plastics, food preservatives, and food packaging can
contain EDCs.

Understanding the classification of EDCs can clar-
ify the modes of action they take on in disrupting
endocrine function. There are numerous exposure
routes through which humans and wildlife can en-
counter EDCs. These include: food substances, air
inhalation, dermal exposure, etc. Although EDCs are
known for being pesticides in agricultural products,
however, EDC residues are also found in water that
is present in the body through the food chain. EDCs
are molecules that have been shown to persist in the
environment due to their weak biodegradability [16].
Because of this, EDCs accumulate in the food chain,
and due to the amount of EDCs that are constantly
exposed to the human body in food and environment,
they may disrupt the endocrine system. Long-term
exposure of chemicals, which accumulate in fatty tis-
sues, can pose a significant health risk to living be-
ings. Recently, health problems associated with EDCs
have attracted worldwide attention. In a study con-
ducted on 26 children playing basketball in Sydney, it
was reported that the children presented higher EDC
levels than the adults and there was a rapid accumula-
tion in the body. Therefore, the importance of public
awareness should be underscored for daily exposure to
EDCs. EDCs, which have a wide scope in terms of
form and effect, are important today and are an issue
that requires attention in terms of human health.

3.1 Definition and classification

A large number of chemicals are produced, used in ev-
eryday products, and spread throughout the environ-
ment. Some of these chemicals can interfere with hor-
monal systems and are sometimes termed "endocrine
disrupting chemicals" (EDCs). There is a wide ar-
ray of chemical classes that display endocrine disrupt-
ing properties, and based on one’s perspective some
chemicals may or may not be considered as EDCs. To
classify EDCs, a working definition is adopted regard-
ing human health and the emphasis is placed on the
ability of a compound to interact/interfere with hor-
monal targets [17]. Chemical substances considered as
being of concern through their EDC capacity induce
a variety of other modes-of-action (MOA) than mere
"endocrine-like action". Discussing EDCs as a "class
of chemicals" rather than as individual substances
presents additional challenges, including whether to
focus on intrinsic hazards of EDCs as a class of sub-
stances or on their effects considered "harm" in one’s
context.
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A broad definition of EDCs states that these chem-
icals "alter the function of the endocrine system and
consequently cause adverse health effects in an intact
organism, its progeny or sub-populations" [18]. Based
on structural properties, EDCs can be divided into
3 main classes: pollutants, natural compounds, and
hormones. Several other ways to classify EDCs have
been proposed such as "dose dependent EDC" and the
"stimulator inhibitor" classification. It is likely that
EDCs acting through these MOA fall outside the at
present predominantly considered EDC classification.
Another issue with the EDC classification has been the
overwhelming focus on only a few well-known POPs
and synthetic compounds such as Bisphenol A [19].

3.2 Sources and exposure routes
Endocrine disrupting chemicals (EDCs) are com-
pounds that have been shown to interfere with the
hormone systems in humans, animals, and ecological
receivers. They can be found in the air, dust, water,
and soil, and they are present at levels up to several
orders of magnitude higher when present in various
commodities such as toys, cosmetics, building mate-
rials, textiles, detergents, and electronics, to name a
few. This pathway is particularly relevant in the reg-
ulation of progesterone levels, which are directly re-
lated to ovulation. There are many substances that
have the potential to act as EDCs. This is the case
of parabens, for example, which are considered EDCs
with estrogenic activity. Endocrine disruptors can be
found in the following sources:

1. Environmental sources: air, soil, agricultural and
domestic products;

2. Personal sources: personal hygiene products, cos-
metics, detergents;

3. Food: processed and glycolic chemicals used in cer-
tain materials.

Even though the sources of EDCs are abundant, peo-
ple are not aware of their exposure to them. The route
of absorption involves ingestion, inhalation, and der-
mal exposure. Smaller compounds, with low molec-
ular weight or high lipid solubility, tend to be more
bioavailable. This is also related to the capacity of
some compounds to dissolve in the phospholipids of
cellular membranes. The route of exposure also de-
termines where the EDC is absorbed. This requires
knowledge to understand where the main exposure
routes are and ways to reduce them. A vulnerable
population deserves special attention: that of children,
pregnant women, and fetuses. It is necessary to edu-
cate the population about the sources of EDCs, how
they are absorbed by the human body, and what can
be done to mitigate this exposure. Another reason why

it is of the utmost necessity to educate the population
about the risks of EDCs is their capacity to remain
in the environment for long periods. Many EDCs are
resistant to macroscopic, chemical, and microbiologi-
cal degradation processes. Moreover, EDCs have the
tendency to biomagnify and bioaccumulate [20].

4 Toxicological mechanisms of
EDCs

Endocrine disrupting chemicals (EDCs) are a perni-
cious collection of compounds that have deleterious
effects on the endocrine system. These harmful com-
pounds have been found in a wide variety of everyday
goods, such as toys, cosmetics, and even food, making
them a major public health concern. Mechanistically,
EDCs exert these effects through interfering with nor-
mal hormonal signaling. However, this is a vast array
of cellular processes and cargo that together mediate
essential physiological functions. This includes, most
notably, cell proliferation, differentiation, motility and
apoptosis. When these processes are disturbed, it can
lead to a myriad of deleterious health outcomes. Fur-
thermore, there are a large number of hormones in
the human body, and these hormonal signals can be
passed through a variety of genomic and non-genomic
pathways. Additionally, different cell types will have
differing responses to the same hormonal signal. Thus
the mechanisms of EDC action are very complex [21].
Nonetheless, it is possible to categorize the mecha-
nistic pathways through which EDC exposure can re-
sult in endocrine interference. Broadly speaking, this
can be divided into receptor-mediated or non-receptor-
mediated pathways, although hybrid categories exist
as well.

Unquestionably the most studied and well un-
derstood interaction between EDCs and hormones is
through their ability to physically interact with and
modulate hormone receptors. The majority of EDCs
are selective estrogen receptor modulators (SERMs),
and similar to real estrogen, they can bind to and ei-
ther activate or inhibit transcription through several
different estrogen receptors. This can have a myriad
of effects on a particular cell type depending on what
products the hormone would normally induce. For in-
stance, if the estrogenic chemicals mimic the ability of
estrogen to trigger transcription of cyclins and growth
factors, a cell that is not normally estrogen sensitive
will start proliferating [22]. However, there are several
others signaling pathways in widespread use by non-
estrogenic EDCs as well, including androgen, thyroid,
and corticosteroid pathways. In fact, there are now a
list of proven disease states caused by EDCs acting on
such pathways.
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4.1 Receptor-Mediated mechanisms
The toxicological mechanisms of endocrine disrupting
chemicals (EDCs) have been a significant concern to
human health in the past few decades. They are a
complex group of exogenous chemicals capable, with
adequate exposure, of interfering with hormonal sys-
tems. These xenobiotic agents’ mechanisms of action
are variable and in most cases, still poorly understood.
EDCs are reported to interfere with the endocrine sys-
tem at many levels with different dose-response re-
lationships. As hormones control many functions of
the human body (including brain development, growth
and metabolism, immune functions and different nu-
trients uptake), the possible effects of EDCs are also
vast and the health outcomes go beyond cancers [2].

Interaction of EDCs with the endocrine system
may occur with various mechanisms at different levels
and by different ways. Several EDCs share a steroid
hormone-like chemical structure and have high affin-
ity for binding to specific receptors. The receptor-
mediated mechanism of EDCs is based on the in-
teraction with estrogen receptors (ERs), as estab-
lished by single compound testing and by testing bi-
nary or ternary mixtures of full and partial agonists.
Full agonists are preferably selected by ERs, whereas
partial agonists induce unconventional conformational
changes in ERs compared to the endogenous hormone.
Enhancement or inhibition of the synthesis, transport,
metabolism, binding to the plasma carrier proteins,
and receptors of a natural hormone can occur with ex-
ogenous interferences [3]. The pertinent endocrine sys-
tem of humans includes many hormones that control
and coordinate the complex development and function
of several body network and like a Cascade, qualified
by the pituitary gland in response to body require-
ments. Each hormone can bind to different types of
hormone receptors, triggering a variety of signal path-
ways with different effects (gene transcription acti-
vation or not, post-translational modification of pro-
teins). Considering the variety of natural hormones
and the intricate network of their receptor-mediated
activities, it is not surprising that the interaction of
endogenous hormones with their receptors might re-
sult in multiple biological outcomes, a concept poorly
addressed by toxicological studies of single or even a
few compounds.

4.2 Non-Receptor-Mediated mecha-
nisms

Endocrine-disrupting chemicals (EDCs) interfere with
hormonal balance in various ways, leading to adverse
effects on humans and wildlife 6. The traditional
mechanism of action for EDCs is receptor-mediated,
altering the hormone activity by binding to hormone
receptors 3. Besides this direct interaction, giving

toxic effects for endogenous hormones, there are non-
receptor-mediated EDC mechanisms that are focused
on acting as modifiers downstream of the hormone re-
ceptor. EDCs can affect the endocrine system without
the direct interactions of hormone receptors. The fo-
cus is on non-receptor-mediated routes, which can in-
terfere hormone balance through other pathways that
are endocrine-related and affect health.

Endocrine-related non-receptor-mediated mecha-
nisms for EDCs are divided into 7 categories:

1. Modifying hormone synthesis,

2. Modifying hormone transportation,

3. Modifying hormone metabolism,

4. Modifying hypothalamic-pituitary feedback,

5. Modifying signal transduction pathways,

6. Modifying hormone activity,

7. Others.

These mechanisms discuss how EDCs act further
downstream of the hormone receptor, therefore indi-
rectly interfere with the activity of natural hormones.
Different routes are explored for each of the 7 cate-
gories. It is generally attempted to regard the exist-
ing evidence of the postulated non-receptor-mediated
EDC mechanisms on the basis of the literature search,
but considerable gaps are found, leading to incomplete
discussions and a recognition that this is an underde-
veloped and important research area.

On the other hand, the reviewed evidence
also demonstrates that the postulated non-receptor-
mediated mechanisms of EDCs are diverse and com-
plex and that they interact at multiple levels. In addi-
tion, they have crosstalk with themselves or stimulate
receptor-mediated mechanisms. The application of
high throughput analysis should also be considered as
a useful approach to understanding the complex tox-
icity of EDCs with respect to non-receptor-mediated
mechanisms. Those insights might be needed for a
comprehensive risk assessment of EDCs, and it also
suggests that the emphasis on non-receptor-mediated
mechanisms of EDCs beyond the classical view become
more developed [23].

5 Human health effects of EDCs
Endocrine disrupting chemicals (EDCs) include a va-
riety of industrial chemicals and intermediates, such
as plasticizers, solvents, and surfactants. These sub-
stances act on the neuroendocrine axes, competing
with, or blocking, the sex hormones. As a result, EDCs
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have multiple toxicological targets, from the reproduc-
tive systems to various peripheral organs. This arti-
cle aims to review, in a succinct manner, the current
knowledge on the toxicological mechanisms of EDCs
and their health risk assessment. Another topic cov-
ered is the identification of shortcomings and uncer-
tainties that have an impact on public health reg-
ulatory decisions and discussing future research ap-
proaches.

The increasing spread of xenobiotics for multiple
uses has brought substantial concern with the poten-
tial toxicological effects on living organisms, includ-
ing human beings. Endocrine disrupting compounds
target the neuroendocrine axes, modifying the synthe-
sis, the concentration in blood or vital organs, and
the binding of the steroid hormones. This kind of
action translates into chemicals that can mimic the
action of natural hormones (agonists), thus trigger-
ing early puberty in its various forms (premature the-
larche, adrenarche, pubarche, telarche, and menarche
in females), or vice versa, blocking the action of the
steroids in the receptor organs, causing delay in puber-
tal development in either sex. Given the widespread
nature of the phenomenon, this is a subject of concern
and debate in the media. Apart from actual potent en-
docrine disruptors, the broad spread of chemicals for
multiple uses alerts not only to individual but also to
cumulative exposures. The scientific background on
sex steroids has been reviewed in the endocrinology
literature [24].

5.1 Reproductive health impacts
The awareness of population about potential toxic ef-
fects of many chemicals is low while the surveillance of
the governments is not enough. Humans are exposed
to an increasing number of chemicals in their daily life
through food, water, air, soil, and used products. Nu-
merous studies have demonstrated that many chemi-
cals can have adverse effects on human health, includ-
ing endocrine disrupting chemicals (EDCs). EDCs are
a group of chemicals that can disrupt the endocrine
system of humans and animals, leading to adverse ef-
fects at molecular, cellular, tissue, organ, individual,
and even population levels. This article aims to pro-
vide a review on the toxicological mechanisms of EDCs
affecting human health and the current regulatory sit-
uation and challenges. Based on the findings, the
vulnerability of reproductive health, children’s health,
and immune health is further discussed. Impacts on
the reproductive system EDCs have aroused increas-
ing concern during the past two decades because of
the adverse effects of wild animals found in field stud-
ies and laboratory tests. The potential ecological and
health impacts of EDCs are reflected in their effects on
wildlife species. Traditionally, the effects of EDCs have

been viewed mainly in terms of their ability to feminize
males or induce other abnormalities among wildlife
populations. However, it is important to note that re-
duced reproductive fitness might be an equally impor-
tant effect of EDCs in wildlife that is not necessarily
mediated by easily observed abnormalities. Disruption
of the reproductive system is one of the most potent
ways that EDCs can compromise the health and fer-
tility of individuals and populations. This study, fo-
cusing on the impacts on human reproduction, reviews
the findings of the EDCs and human reproduction and
their underlying mechanisms [25].

5.2 Metabolic disorders
Exposure to endocrine disruptor chemicals (EDCs) is
an emerging cause for concern in association with the
rising epidemic of obesity and metabolic diseases [26].
The increase in the prevalence of metabolic diseases
observed worldwide has elicited intensive investigation
on the pathogenesis of such a health issue. Genetic
background, increased caloric intake, physical inactiv-
ity, sleep deficit, and aging have been recognized by
the medical community as pivotal pathogenetic fac-
tors involved in metabolic diseases. Nevertheless, the
observed upsurge of metabolic diseases cannot be fully
ascribed to the aforementioned risks. Apart from the
desire of any individual to possess and preserve an
ideal physical appearance, this epidemic is also sup-
ported by economic bases. Metabolic interplay relies
upon an abundance of well-coordinated signals com-
municated between various cells and tissues - the en-
docrine system. Within the endocrine system, hor-
monal signals regulate a plethora of life-sustaining pro-
cesses. Additionally, endocrine signals are supplied by
the gastrointestinal system, the kidneys, the adipose
tissue, and other organs that are not traditionally re-
garded as endocrine glands [27].

However, over the past years, the spectrum of po-
tentially endocrine active compounds has been greatly
broadened due to an expansion of environmental xeno-
biotic chemicals capable of interfering with the en-
docrine system. These compounds do not resemble
endogenous hormones in structure and bearing. The
main concern with environmental EDCs is that they
can perturb endocrine signaling, thus leading to the
disruption of normal hormonal control and affecting
the physiological functions regulated by the endocrine
system. Data are growing that exposure to EDCs may
promote weight gain and contribute to the develop-
ment and progression of metabolic diseases. There are
environmental chemical contaminants capable of per-
turbing human metabolism primarily by i) disrupting
the control of energy and substrate metabolism, ii) in-
fluencing the metabolic function of multiple metabol-
ically crucial organs, and iii) eliciting a cascade of
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events that alter the fine balance in the metabolism
of energy-dense substrates, predisposing the body to-
wards the establishment of a state of obesity while
altering glycemic homeostasis and the lipid, lipopro-
tein profile and maybe contributing to hypertension as
well. Since the containment of the metabolic disorder
pandemic implicates numerous and well-coordinated
measures, emerging data suggest that current environ-
mental conditions should be to account for. Further-
more, increased focus is placed on the identification of
particularly vulnerable population subgroups that are
prone to the metabolic toxicity of EDCs [28].

5.3 Cancer risk
The role of endocrine disruptors (EDCs) in cancer de-
velopment is very complex, as multiple effects often
co-exist at various levels in various organs and tissues.
The mechanisms by which EDCs interact with humans
to induce cancer or promote tumoural growth are nu-
merous [12].

Carcinogens may modify the risk of malignant tu-
mours directly or may contribute to the tumorigenic
process by other than hormonal pathways. As EDCs
interfere with hormonal homeostasis and after they in-
fluence the hormone-receptor interaction in target tis-
sues, it is conceivable that the EDC oncogenic action
follows not only the classically known tumoural pro-
gression but also deviations in DNA repair process and
alterations in cell growth signaling, both activated by
nuclear receptor pathways. Nevertheless, many data
on EDC carcinogenesis are insufficient to support con-
clusive remarks. Tumours that arise from hormone-
sensitive organs are at increased risk following expo-
sure to EDCs with estrogen-like effects. In various
experimental models and in the human population,
this association seems to be well documented. Breast
cancer is the most common malignancy in women, be-
ing the most studied organ in relation to EDCs expo-
sure. Unfortunately, definitive epidemiological human
data are not yet attainable to make a formal statement
concerning the association between EDCs and female
hormone-dependent cancer risk. Among the EDCs,
dioxins are probably those EDCs whose action as car-
cinogens is more compelling in exposed humans. Ex-
periments in rats helped in defining in details different
molecular events, which lead to an increased suscepti-
bility to breast neoplasms after perinatal TCDD [29].

6 Regulatory framework for
EDCs

Many compounds introduced into the environment by
industrial activities are capable of disrupting the en-
docrine system of animals, including fish, wildlife, and

also humans [30]. Endocrine disruption can be pro-
found because of the essential role hormones play in
controlling growth, differentiation, development, and
homeostasis. Fifteen years ago the potential human
and environmental health implications of exposure to
chemically induced alterations in endocrine function
were first discussed at a conference convened by a pri-
vate organization. More studies were called for, includ-
ing epidemiological studies to search for associations
between exposure and health effects, in both wildlife
and humans. This science has since shown substantial
advancement and a much clearer picture is now emerg-
ing of the status of EDCs in the environment and their
effects on human health [31].

The World Health Organization, European Com-
mission, Food and Agriculture Organization, United
Nations Environment Programme, US Environmen-
tal Protection Agency, and the Japanese Environment
Agency are among international organizations that
have active programs. In recent years national regu-
latory agencies in Europe and North America, and to
a lesser extent elsewhere, have established regulatory
programs focused on EDCs to varying degrees with less
consistency than in international agencies. Despite the
large amount of money spent on screening and testing
programs, no national, international, or pan-European
agreement has been reached on methods for regulating
potential EDCs [32].

Limitations of many existing regulatory criteria
were recognized in the scientific community, including
perceived inconsistencies with the definition of EDCs.
Regulations developed to address EDCs are often lu-
crative and inconsistent across treatment groups. Ef-
forts to reassess how EDCs are evaluated, identified,
and regulated are hampered by these inconsistencies.
There is also increased recognition of the importance of
regulatory harmonization among stakeholders from in-
dustry, academia, regulatory agencies, and the public
sector. The need for such collaboration is increasingly
being addressed as heightened concerns arise about the
exposure to and potential impacts of EDCs [4]. How-
ever, determination of EDC exposure is not without
difficulty; the lipophilic nature of many EDCs means
they are stored in adipose tissue and can be present
in blood and serum at concentrations several orders
of magnitude lower than those within target tissues.
Furthermore, metabolites of EDCs must also be con-
sidered, as in the case of bisphenol A.

6.1 International regulations and
guidelines

Many international regulations and guidelines have
been developed to manage endocrine disrupting chem-
icals (EDCs). These organizations include [13]. The
EU has been very active in regulating EDCs, and in
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Europe more generally, many frameworks are in place
to manage them. The EU has developed a strategy
for EDC management, while other regulatory bodies
have published guidelines for the identification and
regulation of EDCs. A framework interferes in both
exports, which help developing and global countries
improve their chemicals, and health-related policies to
the global collaborative approach to EDC regulation.

This is to adapt to the global nature of EDC ex-
posure and to ensure that the global advantages of
EDC managements exceed the associated costs in the
obstruction of trade. Implementation of harmonized
scientific assessing of EDCs will be discussed, but an
effort to identify opportunities to build on the in-
ternational approach to EDC regulations around the
world presents opportunities, challenges, principles,
and strategies. Markets can place value on businesses,
but incentives are needed to improve information. Re-
ports show that increased production are of safer prod-
ucts, so EDCs also have sores for high-income market-
ing countries. The EU program of setting limits on the
content of EDCs such as pesticides and in consumer
products, as well as evidence of 10 times a decrease of
EDCs in European water in recent years [33].

6.2 Challenges and gaps in regulation
This section discusses the challenges and gaps in the
current regulatory framework that hinder addressing
endocrine disrupting chemicals (EDCs) effectively [34].
There is no common scientific consensus on EDC defi-
nitions or even established mechanism of action. Lack
of such alignment among the scientific community de-
lays the development of regulation. The broad spec-
trum of EDCs sources and adverse effects makes it
rather complex to assess health risks from those com-
pounds. In some countries, regulations are not suffi-
cient to effectively control EDCs, also varying enforce-
ment practices may result in poor compliance. At the
same time, there is a substantial dispersal of activities
linked to the presence of EDCs. A proactive approach
is also limited by a paucity of comprehensive mean-
ingful data on the presence and impact of EDCs on
humans. The combined gap analysis has identified a
range of important operational areas, which require
much attention and action to enhance policies. The
dialogue between scientists, regulators, and industry
is essential to advance on issues crucial for the devel-
opment of more effective regulatory frameworks ensur-
ing a high level of health protection, while at the same
time compatible with the broader policy objectives of
competitiveness and innovation. In order to promote
this dialogue, the various participants in the study, es-
pecially stakeholders from the chemical industry, were
identified that would be invited to participate in up-
coming workshops [35].

7 Emerging issues and future di-
rections

Recent advancements in scientific research on en-
docrine disrupting chemicals (EDCs) are producing
new issues and stimulating future study needs. Over
time, the development of new methodologies and tech-
nologies for detecting chemicals at progressively lower
levels, and of new conceptual models to understand
their potential health effects, is yielding a more holistic
understanding of the health impacts of EDCs [1]. In
parallel, researchers are coming to terms with the mul-
tifactorial nature of EDC exposure to humans, specif-
ically that people are exposed to complex mixtures of
EDCs in the environments in which they live. As such,
the most recent investigations aim at studying human
populations in as comprehensive a manner as possible.

There is at least anecdotal evidence of an increas-
ing recognition within public and political domains of
EDCs as a potential public health threat. Now, a
combination of scientific and political factors is driv-
ing this recognition. Scientifically, there is a growing
body of in vivo, in vitro, and epidemiological research
findings that consistently point to the potential for
EDCs to cause altered development of humans and
wildlife and hormone-dependent cancers, fertility, and
metabolic and behavioural issues in adults. As a result
of this growing scientific consensus, numerous reviews
and expert panels have urged a more proactive and
precautionary approach to regulation. Politically, the
European Commission and competent authorities in
EU member states have committed themselves to a
long-term strategy addressing the issue. At the very
least, ensuring that the regulation of EDCs is com-
mensurate with the state of science [36].

In this rapidly evolving field, unique forms of in-
terdisciplinary and multidisciplinary collaboration are
yielding interesting outcomes. For example, research
into the health impacts of persistent organic pollutants
(POPs)—many of which are EDCs—has spurred col-
laborations between toxicologists and epidemiologists,
as well as other fields, leading to substantial public
health benefits and decision-relevant scientific findings.
In light of this, there is a strong argument for en-
docrinologists, toxicologists, epidemiologists, and en-
vironmental scientists to engage in dialogue on EDCs,
given the potential for the outcomes of that dialogue
to inform the drafting of public health, environmen-
tal, and insurance policies. Given these trends and
developments, a timely analysis of recent and ongoing
research in the field is not only appropriate, but is
arguably necessary [37].

https://biomedbiochem.nabea.pub

https://biomedbiochem.nabea.pub


ENDOCRINE DISRUPTING CHEMICALS AND HUMAN HEALTH 23

7.1 Advances in EDC research
Public and scientific awareness over the potential risks
of endocrine disrupting chemicals (EDCs) have rapidly
increased over the past three decades. Since then, re-
search of EDCs has continued to evolve, expanding
far beyond early studies focusing on known EDCs of
concern. Much effort has been devoted to the de-
velopment of more sensitive and sophisticated meth-
ods for the detection and monitoring of a wide range
of environmental compounds with endocrine disrupt-
ing properties [1]. As a result, the body of evidence
demonstrating the pervasiveness of potential EDCs in
various environments has been rapidly growing. Apart
from improvements in analytical technologies, there
has been a proliferation of innovative research method-
ologies aimed at understanding the effects of complex
mixtures and low-dose exposures on a variety of health
outcomes, targeting at various stages throughout the
life span [4]. There are now a number of powerful
studies that have revealed critical links between envi-
ronmental exposures and adverse health outcomes via
endocrine disruption mechanisms, providing impetus
for revisiting existing health policies and developing
new strategies for both EDC reduction and robust ex-
posure assessment. Moreover, recent findings suggest
the promise of more sensitive and more specific risk
assessment strategies that take advantage of advances
in scientific understanding to be able to better adjust
for uncertainties and data gaps. However, concerns
have been raised about dwindling funding support in
various countries, casting doubt on the sustainability
of the anticipated advances in this field. Collaboration
at an international level may bolster resources and ex-
pertise to re-energize the scientific and regulatory com-
munities, providing a strong basis for improved policy
decisions.

7.2 Technological innovations in detec-
tion

With the rising awareness of endocrine disrupting
chemicals (EDCs) and their potential adverse health
impacts, the need for real-time monitoring of this class
of contaminants becomes increasingly important [38].
Recent technological advances have led to significant
improvements in EDC detection that has broad impli-
cations for understanding EDC toxicology, regulatory
compliance, and public health monitoring. Following
intensive research efforts on EDC toxicology in recent
years, a growing number of endocrine active chemicals
have been identified in daily products, and the toxico-
logical mechanisms of these pollutants have been well
elucidated. However, the exposure risks associated
with these chemicals are far to be efficiently monitored
and controlled. To facilitate the toxicological studies
of EDCs and protect human health, the monitoring of

the EDCs in water, soil, and other matrices should be
comprehensively addressed. In this regard, more pre-
cise and efficient detection tools should be developed to
easily and timely monitor the emerging EDC concen-
tration. With the development of the modern sensor
techniques, numerous measurement strategies of the
EDC concentration have been proposed and widely in-
vestigated in the past two decades. Recently, the syn-
thesis of novel materials such as metal-organic frame-
works, covalent organic frameworks, and graphene, op-
erated as nanozymes, has received remarkable atten-
tion in the construction of EDC sensors. Moreover,
the sensing assay based on molecularly imprinted poly-
mers has been designed for detecting EDCs with high
selectivity. Besides, with the combination of liquid
chromatography (LC) and mass spectrometry (MS),
numerous advanced monitoring systems have also been
manufactured for determining the multi-class of EDC
trails in the complex samples. These tools provide
more options for the ensuing study of the EDC tox-
icology and the subsequent regulatory intervention.
With the establishment of these high-performance in-
strumental setups, the EDC monitoring can be con-
ducted on site continuously at a fast rate and with
high sensitivity, which is beneficial for the exposure
and potential risk assessment of the EDCs. Further-
more, these devices can also be combined with other
facilities and expedite the establishment of real-time
monitoring systems, which can be applied to rapidly
evaluate the emergency occurrence and the actual reg-
ulation efficacy in the future [39].

8 Conclusion and recommenda-
tions

Endocrine-disrupting chemicals (EDCs) have become
a threat to human health across the globe. Many of
these chemicals are either man-made products or their
by-products which interfere with the synthesis, secre-
tion, transport, binding, action, or elimination of nat-
ural hormones in the body posing numerous adverse
effects on human health. In recent years, significant
efforts have been devoted to assessing the potential
hazards of EDCs, clarifying their toxicological and reg-
ulatory implications, and finally offering correspond-
ing countermeasures. Nonetheless, many important
gaps still persist in our understanding of the human
health risks posed by EDCs, highlighted the require-
ment for continued and sustained efforts among stake-
holders worldwide. It is urgent to further regulate and
manage EDCs in a scientific and effective manner to
protect public health.

The complex environmental behavior, potential
life-long exposure, atypical toxicological mechanisms,
and non-linear, low-dose effects make challenges to the
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scientific understanding of EDCs and their regulations.
Intensive research work is being developed based on
these hot spots to address the knowledge gaps pos-
ing practical implications by developing widely acces-
sible and implementable strategies. Implementation of
comprehensive countermeasures regarding EDCs and
the related mixtures are urged to be involved into na-
tional, regional, and international regulatory frame-
works. Public outreach issues are anticipated to be
filled with meaningful information on EDCs in a timely
manner. Mechanistic understanding of EDCs expo-
sures can be improved by raising questions, offer-
ing possible research solutions, and sharing consoli-
dated opinions. It is ideal to complete the effective
monitoring technology for EDCs in the environmen-
tal and biological media, including those to deal with
the EDCs mixtures. Furthermore, the development
of such databases should enhance data availability
and harmonization to support ongoing actions. Thus,
all possible EDC-related research should be presented
with harmonized and transparent outputs to jointly
face the challenge.
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