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Preface

The State of the Science of Endocrine Disrupting
Chemicals—2012, is an update of the scientific knowledge,
including main conclusions and key concerns, on
endocrine disruptors as part of the ongoing collaboration
between the World Health Organization (WHO) and the
United Nations Environment Programme (UNEP) to
address concerns about the potential adverse health effects
of chemicals on humans and wildlife.

We live in a world in which man-made chemicals
have become a part of everyday life. It is clear that some
of these chemical pollutants can affect the endocrine
(hormonal) system, and certain of these endocrine
disruptors may also interfere with the developmental
processes of humans and wildlife species. Following
international recommendations in 1997 by the
Intergovernmental Forum on Chemical Safety and the
Environment Leaders of the Eight regarding the issue of
endocrine disrupting chemicals (EDCs), WHO, through
the International Programme on Chemical Safety (IPCS),
a joint programme of WHO, UNEP and the International
Labour Organization, developed in 2002 a report
entitled Global Assessment of the State-of-the-Science of
Endocrine Disruptors.

The Strategic Approach to International Chemicals
Management (SAICM) was established by the
International Conference on Chemicals Management
(ICCM) in February 2006, with the overall objective to
achieve the sound management of chemicals throughout
their life cycle so that, by 2020, chemicals are used and
produced in ways that minimize significant adverse effects
on human health and the environment.

SAICM recognizes that risk reduction measures need to
be improved to prevent the adverse effects of chemicals on
the health of children, pregnant women, fertile populations,
the elderly, the poor, workers and other vulnerable groups
and susceptible environments. It states that one measure
to safeguard the health of women and children is the
minimization of chemical exposures before conception and

through gestation, infancy, childhood and adolescence.

SAICM also specifies that groups of chemicals that
might be prioritized for assessment and related studies,
such as for the development and use of safe and effective
alternatives, include chemicals that adversely affect, inter
alia, the reproductive, endocrine, immune or nervous
systems. A resolution to include EDCs as an emerging
issue under SAICM was adopted in September 2012 by
ICCM at its third session.

EDCs represent a challenge, as their effects depend
on both the level and timing of exposure, being especially
critical when exposure occurs during development.

They have diverse applications, such as pesticides, flame
retardants in different products, plastic additives and
cosmetics, which may result in residues or contaminants in
food and other products. Therefore, EDCs may be released
from the products that contain them.

The protection of the most vulnerable populations
from environmental threats is a key component of the
Millennium Development Goals. As the challenge in
meeting the existing goals increases, with work under
way in developing countries to overcome traditional
environmental threats while dealing with poverty,
malnutrition and infectious disease, emerging issues
should be prevented from becoming future traditional
environmental threats. Endocrine disruption is a challenge
that must continue to be addressed in ways that take into
account advances in our knowledge.

UNEP and WHO, in collaboration with a working
group of international experts, are taking a step forward
by developing these documents on endocrine disruptors,
including scientific information on their impacts on human
and wildlife health and key concerns for decision-makers
and others concerned. The well-being of future human and
wildlife generations depends on safe environments.

UNEP and WHO convened, in December 2009, a
meeting of the planning group for the development of
an update to the 2002 IPCS “Global Assessment of the
State-of-the-Science of Endocrine Disruptors”. This was
followed by teleconferences and a planning meeting



in Geneva in June 2010. These meetings allowed for
defining the scope, the outline, the development process
and suggestions of main authors that would be integrated
in the working group. Authors were identified because
of previous peer-reviewed publications and according to
their area of expertise. The following experts provided
guidance and expertise for the planning stages:

+ Ake Bergman, Stockholm University, Sweden

* Poul Bjerregaard, University of Southern Denmark,

Denmark

» Niels Erik Skakkebaek, University of Copenhagen,
Denmark

* Hans-Christian Stolzenberg, Federal Environment
Agency, Germany

» Jorma Toppari, University of Turku, Finland

The working group consequently met in Stockholm
in November 2010, in Copenhagen in May 2011 and
in Geneva in December 2011, as well as through
teleconferences, to develop and revise various drafts of the
documents. Professor Ake Bergman led the working group
and facilitated the development of the chapters with the
main authors in coordination with UNEP and WHO.

The following international scientific experts were
part of the working group that developed the documents:

* Georg Becher, Norwegian Institute of Public Health,
Norway

+ Ake Bergman, Stockholm University, Sweden
(Leader)

* Poul Bjerregaard, University of Southern Denmark,
Denmark

* Riana Bornman, Pretoria Academic Hospital, South
Africa

 Ingvar Brandt, Uppsala University, Sweden

¢ Jerrold J. Heindel, National Institute of Environmental
Health Sciences, USA

 Taisen Iguchi, National Institutes of Natural Sciences,
Okazaki, Japan

» Susan Jobling, Brunel University, England
» Karen A. Kidd, University of New Brunswick, Canada

* Andreas Kortenkamp, University of London and
Brunel University, England

¢ Derek C.G. Muir, Environment Canada, Canada

* Roseline Ochieng, Aga Khan University Hospital,
Kenya

* Niels Erik Skakkebaek, University of Copenhagen,
Denmark

» Jorma Toppari, University of Turku, Finland

* Tracey J. Woodruff, University of California at San
Francisco, USA

* R. Thomas Zoeller, University of Massachusetts, USA

The development of these documents would not have
been made possible without the significant contributions
of the planning and working groups and the valuable
leadership of Professor Ake Bergman, as well as of the lead
authors of the main chapters Professor Susan Jobling, Dr.
Jerrold J. Heindel, Professor Karen A. Kidd and Professor
R. Thomas Zoeller. UNEP and WHO are very grateful for
their extensive support and for the hard work of all.

Additional authors that contributed specific sections to

the main document were:

* Bruce Blumberg, University of California, Irvine, USA
» Jayne V. Brian, Brunel University, United Kingdom

» Stephanie C. Casey, University of California, Irvine,
USA

* Heloise Frouin, Institute of Ocean Sciences, Fisheries
and Oceans, Canada

» Linda C. Giudice, University of California, San
Francisco, USA

* Monica Lind, Uppsala University, Sweden

» Erik Ropstad, Norwegian School of Veterinary
Science, Oslo, Norway

* Peter S. Ross, Institute of Ocean Sciences, Fisheries

and Oceans Canada
* Laura N. Vandenberg, Tufts University, Medford, USA

A semi-final draft of the main document was reviewed
in parts by the following experts:

*  Scott M. Belcher, University of Cincinnati, USA

¢ Antonia Calafat, National Center for Environmental
Health, Centers for Disease Control and Prevention,
USA

¢ Jean-Pierre Cravedi, French National Institute for
Agricultural Research (INRA), France

» Sally Darney, Research Triangle Park, USA

« Evanthia Diamanti-Kandarakis, Laiko General

Hospital, Athens University, Greece
* Cynthia A. de Wit, Stockholm University, Sweden

* Tamara Galloway, College of Life and Environmental
Sciences, University of Exeter, United Kingdom

* Andreas Gies, Federal Environment Agency, Germany

 Philippe Grandjean, Landmark Center, USA
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Environmental Hygiene, Technical University of
Munich, Germany

Louis J. Guillette, Jr., Medical University of South
Carolina, USA

Leif Kronberg, Abo Akademi University, Finland
Robert Letcher, Environment Canada, Canada

Angel Nadal, Institute of Bioengineering and
CIBERDEM, Miguel Hernandez University, Spain

Roger Beemer Newman, Medical University of South
Carolina, USA

Heather Patisaul, North Carolina State University,
USA

Gail S. Prins, University of Illinois at Chicago, USA

Martin Scheringer, Institute for Chemical and
Bioengineering, The Swiss Federal Institute of
Technology (ETH), Switzerland

Helmut Segner, University of Bern, Switzerland
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Shirlee Tan, Independent Consultant, Paris, France
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The UNEP/WHO Secretariat for this project included:
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Executive summary

Introduction

In 2002, the International Programme on Chemical Safety
(IPCS), a joint programme of the World Health Organization
(WHO), the United Nations Environment Programme
(UNEP) and the International Labour Organization,
published a document entitled Global Assessment of the
State-of-the-Science of Endocrine Disruptors (IPCS, 2002).
This work concluded that scientific knowledge at that time
provided evidence that certain effects observed in wildlife
can be attributed to chemicals that function as endocrine
disrupting chemicals (EDCs); that the evidence of a causal
link was weak in most cases and that most effects had

been observed in areas where chemical contamination was
high; and that experimental data supported this conclusion.
The document further concluded that there was only

weak evidence for endocrine-related effects in humans.
Uncertainties regarding global endocrine disrupting effects
were put forward; simultaneously, concern was expressed
that endocrine disruption may affect developmental
processes if exposure occurs during early life stages. Almost
no data regarding endocrine-related effects were available
for chemicals other than those defined as persistent organic
pollutants (POPs) according to the Stockholm Convention
on Persistent Organic Pollutants: polychlorinated biphenyls
(PCBs), dioxins and dichlorodiphenyltrichloroethane (DDT).
Even for these chemicals, the data gaps were obvious

for parts of the world other than western Europe, North
America and Japan. The IPCS (2002) document finally
concluded that there was a need for broad, collaborative

and international research initiatives and presented a list of
research needs.

Since the start of this century, intensive scientific work
has improved our understanding of the impacts of EDCs on
human and wildlife health. Scientific reviews published by,
for example, the Endocrine Society (Diamanti-Kandarakis
et al., 2009), the European Commission (Kortenkamp et al.,
2011) and the European Environment Agency (2012) show
the scientific complexity of this issue. These documents

implicate EDCs as a concern to public and wildlife health. In
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addition, the European Society for Paediatric Endocrinology
and the Pediatric Endocrine Society have put forward a
consensus statement calling for action regarding endocrine
disruptors and their effects (Skakkeback et al., 2011).

Now, in 2012, the United Nations Environment
Programme (UNEP) and WHO present an update of the
IPCS (2002) document, entitled State of the Science of
Endocrine Disrupting Chemicals—2012. This document
provides the global status of scientific knowledge on
exposure to and effects of EDCs. It explains, in the first
chapter, what endocrine disruption is all about, and then
it discusses in detail, in 12 sections in the second chapter,
endocrine disrupting effects in humans and wildlife. The
work is based on the fact that endocrine systems are very
similar across vertebrate species and that endocrine effects
manifest themselves independently of species. The effects
are endocrine system related and not necessarily species
dependent. Effects shown in wildlife or experimental
animals may also occur in humans if they are exposed to
EDCs at a vulnerable time and at concentrations leading to
alterations of endocrine regulation. Of special concern are
effects on early development of both humans and wildlife,
as these effects are often irreversible and may not become
evident until later in life. The third and final chapter of this
document discusses exposure of humans and wildlife to
EDCs and potential EDCs.

Key concerns

Human and wildlife health depends on the ability
to reproduce and develop normally. This is not
possible without a healthy endocrine system.

Three strands of evidence fuel concerns over

endocrine disruptors:

o

the high incidence and the increasing trends of

many endocrine-related disorders in humans;

observations of endocrine-related effects in wildlife
populations;



o the identification of chemicals with endocrine
disrupting properties linked to disease outcomes in
laboratory studies.

Many endocrine-related diseases and disorders are
on the rise.

o Large proportions (up to 40%) of young men in
some countries have low semen quality, which
reduces their ability to father children.

o The incidence of genital malformations, such as
non-descending testes (cryptorchidisms) and penile
malformations (hypospadias), in baby boys has
increased over time or levelled off at unfavourably
high rates.

o The incidence of adverse pregnancy outcomes,
such as preterm birth and low birth weight, has
increased in many countries.

> Neurobehavioural disorders associated with thyroid
disruption affect a high proportion of children
in some countries and have increased over past
decades.

o Global rates of endocrine-related cancers (breast,
endometrial, ovarian, prostate, testicular and
thyroid) have been increasing over the past 40-50
years.

o There is a trend towards earlier onset of breast
development in young girls in all countries where
this has been studied. This is a risk factor for breast

cancer.

o The prevalence of obesity and type 2 diabetes has
dramatically increased worldwide over the last 40
years. WHO estimates that 1.5 billion adults world-
wide are overweight or obese and that the number
with type 2 diabetes increased from 153 million to
347 million between 1980 and 2008.

Close to 800 chemicals are known or suspected

to be capable of interfering with hormone
receptors, hormone synthesis or hormone
conversion. However, only a small fraction of these
chemicals have been investigated in tests capable
of identifying overt endocrine effects in intact
organisms.

o The vast majority of chemicals in current commer-
cial use have not been tested at all.

o This lack of data introduces significant uncertain-
ties about the true extent of risks from chemicals

that potentially could disrupt the endocrine system.

Human and wildlife populations all over the world
are exposed to EDCs.

o There is global transport of many known and
potential EDCs through natural processes as well as
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through commerce, leading to worldwide exposure.

o Unlike 10 years ago, we now know that humans
and wildlife are exposed to far more EDCs than just
those that are POPs.

o Levels of some newer POPs in humans and wildlife
are still increasing, and there is also exposure to
less persistent and less bioaccumulative, but ubiqui-

tous, chemicals.

o New sources of human exposure to EDCs and
potential EDCs, in addition to food and drinking-
water, have been identified.

o Children can have higher exposures to chemicals
compared with adults—for example, through their

hand-to-mouth activity and higher metabolic rate.

The speed with which the increases in disease
incidence have occurred in recent decades rules out
genetic factors as the sole plausible explanation.
Environmental and other non-genetic factors,
including nutrition, age of mother, viral diseases
and chemical exposures, are also at play, but are
difficult to identify. Despite these difficulties, some
associations have become apparent:

o Non-descended testes in young boys are linked
with exposure to diethylstilbestrol (DES) and
polybrominated diphenyl ethers (PBDEs) and with
occupational pesticide exposure during pregnancy.
Recent evidence also shows links with the pain-
killer paracetamol. However, there is little to sug-
gest that PCBs or dichlorodiphenyldichloroethylene
(DDE) and DDT are associated with cryptorchi-
dism.

o High exposures to polychlorinated dioxins and cer-
tain PCBs (in women who lack some detoxifying
enzymes) are risk factors in breast cancer. Although
exposure to natural and synthetic estrogens is
associated with breast cancer, similar evidence link-
ing estrogenic environmental chemicals with the

disease is not available.

o Prostate cancer risks are related to occupational ex-
posures to pesticides (of an unidentified nature), to
some PCBs and to arsenic. Cadmium exposure has
been linked with prostate cancer in some, but not
all, epidemiological studies, although the associa-

tions are weak.

> Developmental neurotoxicity with negative impacts
on brain development is linked with PCBs. Atten-
tion deficit/hyperactivity disorder (ADHD) is over-
represented in populations with elevated exposure
to organophosphate pesticides. Other chemicals

have not been investigated.

> An excess risk of thyroid cancer was observed

among pesticide applicators and their wives, al-



though the nature of the pesticides involved was not
defined.

Significant knowledge gaps exist as to associations

between exposures to EDCs and other endocrine

diseases, as follows:

o

There is very little epidemiological evidence to link
EDC exposure with adverse pregnancy outcomes,
early onset of breast development, obesity or diabe-
tes.

There is almost no information about associations
between EDC exposure and endometrial or ovarian

cancer.

High accidental exposures to PCBs during fetal
development or to dioxins in childhood increase the
risk of reduced semen quality in adulthood. With
the exception of these studies, there are no data sets
that include information about fetal EDC exposures
and adult measures of semen quality.

No studies exist that explore the potential link
between fetal exposure to EDCs and the risk of
testicular cancer occurring 2040 years later.

Numerous laboratory studies support the idea

that chemical exposures contribute to endocrine

disorders in humans and wildlife. The most

sensitive window of exposure to EDCs is during

critical periods of development, such as during fetal

development and puberty.

o

Developmental exposures can cause changes that,
while not evident as birth defects, can induce per-
manent changes that lead to increased incidence of
diseases throughout life.

These insights from endocrine disruptor research
in animals have an impact on current practice in
toxicological testing and screening. Instead of
solely studying effects of exposures in adulthood,
the effects of exposures during sensitive windows
in fetal development, perinatal life, childhood and
puberty require careful scrutiny.

Worldwide, there has been a failure to adequately

address the underlying environmental causes of

trends in endocrine diseases and disorders.

o

Health-care systems do not have mechanisms in
place to address the contribution of environmental
risk factors to endocrine disorders. The benefits that
can be reaped by adopting primary preventive mea-
sures for dealing with these diseases and disorders

have remained largely unrealized.

Wildlife populations have been affected by

endocrine disruption, with negative impacts

on growth and reproduction. These effects are
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widespread and have been due primarily to POPs.
Bans of these chemicals have reduced exposure and
led to recovery of some populations.

o It is therefore plausible that additional EDCs, which
have been increasing in the environment and are of
recent concern, are contributing to current population
declines in wildlife species. Wildlife populations that
are also challenged by other environmental stressors

are particularly vulnerable to EDC exposures.

Internationally agreed and validated test methods
for the identification of endocrine disruptors
capture only a limited range of the known spectrum
of endocrine disrupting effects. This increases the
likelihood that harmful effects in humans and
wildlife are being overlooked.

o For many endocrine disrupting effects, agreed and
validated test methods do not exist, although scien-
tific tools and laboratory methods are available.

° For a large range of human health effects, such
as female reproductive disorders and hormonal
cancers, there are no viable laboratory models. This
seriously hampers progress in understanding the
full scale of risks.

Disease risk due to EDCs may be significantly
underestimated.

o A focus on linking one EDC to one disease severely
underestimates the disease risk from mixtures of
EDCs. We know that humans and wildlife are
simultaneously exposed to many EDCs; thus, the
measurement of the linkage between exposure to
mixtures of EDCs and disease or dysfunction is
more physiologically relevant. In addition, it is like-
ly that exposure to a single EDC may cause disease
syndromes or multiple diseases, an area that has not
been adequately studied.

An important focus should be on reducing
exposures by a variety of mechanisms. Government
actions to reduce exposures, while limited, have
proven to be effective in specific cases (e.g. bans and
restrictions on lead, chlorpyrifos, tributyltin, PCBs
and some other POPs). This has contributed to
decreases in the frequency of disorders in humans
and wildlife.

Despite substantial advances in our understanding
of EDCs, uncertainties and knowledge gaps still
exist that are too important to ignore. These
knowledge gaps hamper progress towards better
protection of the public and wildlife. An integrated,
coordinated international effort is needed to define
the role of EDCs in current declines in human and
wildlife health and in wildlife populations.



General aspects on endocrine
disruption (chapter 1)
The present document uses the same definitions of EDCs
and potential EDCs that were developed in IPCS (2002):
“An endocrine disruptor is an exogenous substance or
mixture that alters function(s) of the endocrine system
and consequently causes adverse health effects in an
intact organism, or its progeny, or (sub) populations”;
and “A potential endocrine disruptor is an exogenous
substance or mixture that possesses properties that might
be expressed to lead to endocrine disruption in an intact
organism, or its progeny, or (sub) populations”.

In addition to the key concerns presented above, the
most relevant main messages from chapter 1 are presented

below:

¢ What is endocrine disruption all about? Some
endocrine disruptors can act directly on hormone
receptors as hormone mimics or antagonists. Others
can act directly on any number of proteins that control
the delivery of a hormone to its normal target cell or

tissue.

¢ The affinity of an endocrine disruptor to a hormone
receptor is not equivalent to its potency. Chemical
potency on a hormone system is dependent upon many
factors.

¢ Endocrine disruptors produce non-linear dose—
response curves both in vitro and in vivo, by a variety

of mechanisms.

¢ Environmental chemicals can exert endocrine
disrupting activity on more than just estrogen,
androgen and thyroid hormone action. Some are
known to interact with multiple hormone receptors
simultaneously.

¢ Sensitivity to endocrine disruption is highest during
tissue development; developmental effects will occur
at lower doses than are required for effects in adults.

¢ Testing for endocrine disruption must encompass the
developmental period and include lifelong follow-up
to assess latent effects.

¢ Endocrine disruption represents a special form of
toxicity, and this must be taken into consideration
when interpreting the results of studies on EDCs or
when designing studies to clarify the effects of EDCs
and quantifying the risks to human and wildlife
health.

Over the last 10 years, it has been established that
endocrine disruptors can work together to produce
additive effects, even when combined at low doses that
individually do not produce observable effects.

Evidence for endocrine disruption in
humans and wildlife (chapter 2)

Over the last decade, scientific understanding of the
relationship between exposure to endocrine disruptors
and health has advanced rapidly. There is a growing
concern that maternal, fetal and childhood exposure to
EDCs could play a larger role in the causation of many
endocrine diseases and disorders than previously believed.
This is supported by studies of wildlife populations and
of laboratory animals showing associations between
exposure to EDCs and adverse health effects and by the
fact that the increased incidence and prevalence of several
endocrine disorders cannot be explained by genetic factors
alone. Epidemiological studies to date have explored

quite narrow hypotheses about a few priority pollutants,
without taking account of combined exposures to a
broader range of pollutants. The main messages for each
endocrine disease or disorder described in chapter 2 are
presented below, focusing on advances in knowledge and
understanding since publication of the IPCS (2002) report.

Female reproductive health

¢ Increased understanding of endocrine pathways
governing female reproductive processes suggests
that a role for EDCs in the multicausality of female
reproductive dysfunction is biologically plausible.

¢ There is limited and conflicting experimental and
epidemiological evidence to support a role for EDCs
in advancing puberty and breast development and in
causing fibroids (phthalates) and endometriosis (PCBs,
phthalates and dioxins) and almost no evidence for
causation of polycystic ovary syndrome or infertility;
however, few studies have examined chemical
causation of these diseases directly, and very few
chemicals have been investigated.

¢ Historically high incidences of fibroids have
also occurred in seal populations in the Baltic
Sea and have been associated with exposure to
contaminants (particularly PCBs and organochlorine
pesticides). Recovery of these populations is now
occurring, following a decline in the environmental
concentrations of these chemicals. More evidence now
exists that reduced reproductive success in female
birds, fish and gastropods is related to exposure to
PCBs, organochlorine pesticides, tributyltin and
dioxins. As exposure to these EDCs decreased,
adverse reproductive effects in wild populations also

decreased.

¢ There is more evidence from laboratory studies now
than in 2002 that chemical exposures can interfere
with endocrine signalling of pubertal timing, fecundity
and fertility and with menopause.



¢

There are many gaps in our knowledge of endocrine
disruption of the female reproductive system. Many of
the mechanisms are poorly understood, and the number

of chemicals that have been investigated is limited.

There are many gaps in the available chemical test
methods for screening chemicals for endocrine
disrupting effects on female reproduction. Regulatory
tests for many wildlife taxa are currently not developed,
and the endocrine end-points measured in mammalian
assays are sometimes not adequate to detect possible
roles of EDCs in inducing many of the female
reproductive disorders and diseases described here.

Male reproductive health

¢

In comparison with 2002, the incidence of testicular
cancer has further increased in the European countries
in which it has been carefully studied.

Although geographical differences exist, semen quality
has declined in some countries; 20-40% of young

men in the general population of Denmark, Finland,
Germany, Norway and Sweden have sperm counts in
the subfertile range.

Decreases in semen quality reported in Scandinavian
studies parallel increases in the incidence of both
genital abnormalities in babies and testis germ cell
cancer in men in the same areas over the last 60 years.
The occurrence of cryptorchidism at birth is associated
with a 5-fold increased risk of testicular cancer and

with impaired semen quality and subfecundity.

Several epidemiological studies show weak
associations between cryptorchidism in sons and
exposure of their mothers to DES, paracetamol,
mixtures of PBDEs or unknown pesticides during
pesticide application. No associations have been found
with individual pesticides, underlining the importance
of including mixtures assessment in epidemiological
and laboratory investigations. Studies have not
identified associations with PCBs or with DDT/DDE.

High accidental exposures to PCBs during fetal
development or to dioxins in childhood increase the
risk of reduced semen quality in adulthood. With the
exception of these studies, there are no data sets that
include information about fetal EDC exposures and
adult measures of semen quality. No studies have been
performed to explore the potential link between fetal
EDCs and the risk of testicular cancer occurring 2040

years later.

Limited evidence suggests a slightly increased risk of
hypospadias or of reduced semen quality associated
with exposure to mixtures of endocrine disrupting
pesticides. Limited evidence also suggests links
between maternal phthalate exposure and reduced

¢

¢

anogenital distance (a proxy for reduced semen
quality) in baby boys. For most chemicals, potential
associations between fetal exposure and childhood or
adult male reproductive health have not been studied.

An animal model for aspects of testicular dysgenesis
syndrome has been established in the rat and shows

an interrelationship between testicular dysgenesis

and exposure to some EDCs during the fetal male
programming window. There is now a mechanism
demonstrated in the rat by which irreversible disorders

of the male reproductive tract can be caused.

Exposures to several anti-androgenic pesticides have
been shown to induce cryptorchidism, hypospadias
and reduced semen quality in rodent experiments and

are also often linked to shortened anogenital distance.

Not all effects seen in the rat appear across species,
and vice versa. Recent data show that effects of
phthalates in the rat are not seen in the mouse or in
human testis studied in culture. For bisphenol A (BPA),
the human testis model is more sensitive to toxic
effects than the rat model.

With the exception of testicular germ cell cancers,
which are logistically difficult to detect, symptoms of
androgen deficiency and estrogen exposure occur in
a variety of wildlife species in both urban and rural
environments and have been linked to exposure to
chemicals in a limited number of species in some

arcas.

The feminizing effects of estrogenic chemicals from
sewage effluents on male fish were first reported in
the 1990s and have now been seen in many countries
and in several species of fish, indicating that this is a
widespread phenomenon. Feminized (intersex) male
fish have reduced sperm production and reduced

reproductive success.

The suite of effects seen in wildlife can be reproduced
in laboratory studies in which experimental animals

are exposed to EDCs.

Sex ratio

EDC-related sex ratio imbalances, resulting in fewer
male offspring in humans, do exist (e.g. in relation to
dioxin and 1,2-dibromo-3-chloropropane), although
the underlying mechanisms are unknown. The effects
of dioxin on sex ratio are now corroborated by results
obtained in the mouse model.

EDC-related sex ratio imbalances have been seen in
wild fish and molluscs, and the effects of EDCs on sex
ratios in some of these species are also supported by
laboratory evidence.



Thyroid-related disorders

¢

Compared with 2002, increased but still limited
evidence exists showing associations between thyroid-
related disorders and chemical exposures. There is,
however, very little direct evidence that effects on
thyroid hormone action mediate these associations.
There is currently no direct approach to test this
hypothesis on human populations.

Some epidemiological studies report associations
between chemical exposures (PCBs, PBDEs,
phthalates, BPA and perfluorinated chemicals) and
thyroid function, including in pregnant women, but
few of these report associations with thyroid measures
in the cord blood of their offspring or with abnormal

function in these offspring.

Laboratory experiments with rodents show that there
are many chemicals that can interfere with thyroid
function. For example, exposure to PCBs clearly
reduces serum thyroid hormone levels in rodents.

Similarly, there are chemicals that can interfere
directly with thyroid hormone action in a manner that
will not be captured by measuring serum hormone

levels only.

The variability of effects seen is interpreted by some
to indicate that there is no convincing evidence that
chemicals can interfere with thyroid hormone action in
humans.

Evidence of relationships between exposure to
chemicals and thyroid hormone disruption in wildlife
species has increased in the last decade, especially in
relation to exposure to the flame retardant PBDEs and
PCBs, but other chemicals are inadequately studied.

The strength of evidence supporting a role for EDCs in
disrupting thyroid function in wildlife adds credence to
the hypothesis that this could occur in humans.

Thyroid disruption is acknowledged to be poorly
addressed by the chemical tests currently listed in

the Organisation for Economic Co-operation and
Development conceptual framework. Genetic lines of
mice are now widely available that could help clarify
the mechanisms by which chemical exposures can

interfere with thyroid hormone action.

Neurodevelopmental disorders in children
and wildlife

¢ There are some strong data sets (e.g. for PCBs, lead

and methylmercury) showing that environmentally
relevant developmental exposures to these EDCs and
potential EDCs have caused cognitive and behavioural

deficits in humans.
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¢ Sufficient data indicate that in utero exposure to EDCs

also affects cognition in animal studies, and limited
data indicate that sexually dimorphic behaviours are
also affected.

Studies of exposed wildlife provide important
information on exposure levels, early and subclinical
effects and the clinical neurotoxicity of EDCs, because
the mechanisms, underlying effects and outcomes

of exposures are often similar to those in humans.
Data showing effects on growth, development and
behaviour in wildlife exist for some PCBs and
mercury, but are sparse or non-existent for other
EDCs.

Since 2002, increased evidence supports the
involvement of thyroid hormone mechanisms in
neurodevelopmental disorders in humans and wildlife
and the sensitivity of embryonic and postnatal
development to EDCs when compared with adulthood.

Severe thyroid hormone deficiency causes severe
brain damage. Moderate (25%) or even transient
insufficiency of thyroxine during pregnancy is also
associated with reduced intelligence quotient, ADHD

and even autism in children.

Chemical testing strategies do not routinely require
evaluation of the ability of a chemical to produce
developmental neurotoxic effects in a pre-market
setting.

Hormone-related cancers

¢ The increase in incidence of endocrine-related cancers

in humans cannot be explained by genetic factors;
environmental factors, including chemical exposures,
are involved, but very few of these factors have been
pinpointed.

For breast, endometrial, ovarian and prostate cancers,
the role of endogenous and therapeutic estrogens

is well documented,; this makes it biologically
plausible that xenoestrogens might also contribute
to risks. However, chemicals shown to be associated
with breast (dioxins, PCBs and solvents) or

prostate (unspecified agricultural pesticides, PCBs,
cadmium and arsenic) cancer either do not have
strong estrogenic potential or are unspecified. The
possibilities of involvement of EDCs in ovarian and
endometrial cancers have received little attention.

For thyroid cancer, there are indications
of weak associations with pesticides and
2,3,7,8-tetrachlorodibenzo-p-dioxin, but there is no

evidence that hormonal mechanisms are involved.

Models of hormonal cancers are not available for
regulatory testing. This makes the identification



of hormonal carcinogens very difficult and forces
researchers to rely on epidemiological studies.
However, epidemiological studies cannot easily
pinpoint specific chemicals and can identify

carcinogenic risks only after the disease has occurred.

Similar types of cancers of the endocrine organs,
particularly reproductive organs, are also found in
wildlife species (several species of marine mammals
and invertebrates) and in domestic pets. In wildlife,
endocrine tumours tend to be more common in animals
living in polluted regions than in those inhabiting more
pristine environments.

Adrenal disorders in humans and wildlife

¢ Experimental data and data from exposed wildlife

populations suggest that both the hypothalamic—
pituitary—adrenal (HPA) axis and the adrenal gland are
targets for endocrine disruption caused by pollutants at
environmentally relevant exposure concentrations; for
example, adrenocortical hyperplasia is found in Baltic
Sea seals exposed to a mixture of DDT and PCBs and
their methyl sulfone metabolites. Despite this fact, and
compared with other endocrine axes, the HPA axis has
so far gained relatively little attention in endocrine

disruptor research.

Developing organs are particularly sensitive to
alterations in hormone levels, and exposure to
chemicals during critical windows of development
may cause irreversible effects on the adrenal glands
that may not be expressed until adulthood. Recent
experimental data suggest that environmentally
relevant exposures to pollutants (PCBs) affect
development of the fetal adrenal cortex and the
function of the HPA axis and induce delayed effects in
the response to stress in animal models.

For the great majority of chemicals, there is no
evidence for effects of exposures on adrenal function,
nor have there been any in vivo studies to test for this.
A variety of chemicals and mixtures have, however,
been shown to cause effects in vitro (in the H295R cell
line).

Bone disorders

¢ Limited studies indicate that accidental poisoning of

humans with hexachlorobenzene, PCBs and DDT
caused bone disorders, and a plausible, although not
proven, endocrine mechanism for these effects has
been proposed.

Epidemiological studies on humans also show a
relationship between exposure to endocrine disrupting
POPs and decreased bone mineral density or increased
risk of bone fractures.

Metabolic disorders

¢ Obesity, diabetes and metabolic syndrome are due

to disruption of the energy storage—energy balance
endocrine system and thus are potentially sensitive to
EDCs.

Exposures of animal models to a variety of chemicals
during early development have been shown to result

in weight gain, revealing the possibility of an origin
for obesity early in development. Because they

are disrupting many components of the endocrine
system involved in controlling weight gain (adipose
tissue, brain, skeletal muscle, liver, pancreas and
gastrointestinal tract), these chemicals constitute a new

class of endocrine disruptors called “obesogens”.

Obesity is also correlated with type 2 diabetes, and
chemicals that have been shown to cause obesity in
animal models also result in altered glucose tolerance

and reduced insulin resistance.

There are no compelling animal data linking

chemical exposures with type 1 diabetes, although
some chemicals can affect the function of insulin-
producing beta cells in the pancreas, including BPA,
PCBs, dioxins, arsenic and phthalates. Many of these
chemicals are also immunotoxic in animal models, and
so it is plausible that they could act via both immune

and endocrine mechanisms to cause type 1 diabetes.

Limited epidemiological data exist to support the
notion that EDC exposure during pregnancy can

affect weight gain in infants and children. Limited
epidemiological data show that adult exposures to some
EDCs (mainly POPs, arsenic, BPA) are associated

with type 2 diabetes, but there are no data for type 1
diabetes, there is insufficient evidence of endocrine
mechanisms and there is insufficient study of this area

in general.

Immune function and diseases in humans
and wildlife
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¢ ltis clear from both laboratory data and human and

wildlife samples that EDCs can play a role in the
development of immune-related disorders and are at
least partially responsible for their rise in recent years.

Since 2002, molecular mechanisms connecting a
variety of nuclear receptors to NF-kB (one of the
master regulators of inflammation and immunity) have
been elucidated, and developmental immunotoxicity
studies link compounds such as DES and the
phytoestrogen genistein to postnatal immune disorders.
Estrogen exposure has been shown to cause prostate
inflammation, and BPA caused allergic sensitization,
antibody production and type 2 helper T cell immune

responses.



¢ Systemic inflammation, immune dysfunction and

immune cancers such as lymphoma and leukaemia in
humans have been associated with EDC exposures.
These chemicals may exert their effects through
nuclear receptor signalling pathways that have well-
established ties with the immune system through cross-
talk with inflammatory pathways.

There are good epidemiological data associating
exposure to polycyclic aromatic hydrocarbons, PCBs
and other persistent POPs with autoimmune thyroid
disease, exposure to phthalates and dioxins with
endometriosis and allergies, and exposure to phthalates
with asthma and other airway disorders. Endocrine

mechanisms are not, however, clear.

Together, these new insights stress a critical need to
better understand how EDCs affect normal immune
function and immune disorders and how windows of
exposure may affect disease incidence (particularly for
childhood respiratory diseases).

Population declines

+ Wildlife species and populations continue to decline

worldwide. This is due to a number of factors,
including overexploitation, loss of habitat, climate
change and chemical contamination.

Given our understanding of EDCs and their effects

on the reproductive system, it is extremely likely that
declines in the numbers of some wildlife populations
(raptors, seals and snails) have occurred because of

the effects of chemicals (DDT, PCBs and tributyltin,
respectively) on these species. The evidence for EDCs as
a cause of these population declines has increased now
relative to 2002, due to recoveries of these populations
following restrictions on the use of these chemicals.

EDCs in modern commerce with mechanisms of
action similar to those of the endocrine disrupting
POPs are suspected to also be a factor contributing to
declines seen in wildlife species today. Demonstrating
a clear link between endocrine effects in individuals
and population declines or other effects will always
be challenging, because of the difficulty in isolating
effects of chemicals from the effects of other stressors
and ecological factors. An endocrine mechanism for

current wildlife declines is probable, but not proven.

In spite of concerns about rising human populations

on a global scale, numerous industrialized countries
have fertility rates well below replacement levels.

It has generally been accepted that socioeconomic
factors play a role in these changes. It is plausible that
widespread poor semen quality and subfertility levels
also contribute to this trend; however, this has not been
explored systematically.

Human and wildlife exposures to
EDCs (chapter 3)

There is far more knowledge on exposure to EDCs and
potential EDCs today compared with 10 years ago. This
applies to the diversity of chemicals being implicated as

EDCs and to the exposure routes and levels in humans and

wildlife. As examples, brominated flame retardants were

mentioned only briefly and perfluorinated compounds not

at all when the IPCS document on EDCs was prepared

10 years ago (IPCS, 2002). In addition to these, there are

now many more EDCs being found in both humans and

wildlife. The most relevant main messages regarding

exposure to EDCs follow:
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¢ Unlike 10 years ago, it is now better understood

that humans and wildlife are exposed to far more
EDCs than just POPs. However, only a fraction of
the potential EDCs in the environment are currently

known.

EDCs are chemically diverse, are primarily man-
made chemicals and are used in a wide range of
materials and goods. EDCs are present in food, nature
(wildlife) and human beings. They can also be formed
as breakdown products from other anthropogenic
chemicals in the environment and in humans, wildlife
and plants.

Humans and wildlife are exposed to multiple EDCs

at the same time, and there is justifiable concern

that different EDCs can act together and result in an
increased risk of adverse effects on human and wildlife
health.

Right now, only a narrow spectrum of chemicals and
a few classes of EDCs are measured, making up the
“tip of the iceberg”. More comprehensive assessments
of human and wildlife exposures to diverse mixtures
of EDCs are needed. It should be a global priority to
develop the capacities to measure any potential EDCs.
Ideally, an “exposome”, or a highly detailed map of
environmental exposures that might occur throughout

a lifetime, should be developed.

Exposures to EDCs occur during vulnerable periods of
human and wildlife development—from fertilization
through fetal development and through nursing of
young offspring—which raises particular concern.

¢ New sources of exposure to EDCs, in addition to food,

have been identified and include indoor environments
and electronics recycling and dumpsites (the latter
being issues of particular concern for developing
countries and countries with economics in transition).
Children can have higher exposures due to their hand-

to-mouth activities and higher metabolic rate.



¢ Not all sources of exposure to EDCs are known
because of a lack of chemical constituent declarations
for materials and goods.

¢ Spatial and temporal monitoring is critical for
understanding trends and levels of exposure. This
monitoring should include tissues from both humans
and wildlife (representing a range of species) as well
as water or other environmental compartments to
capture the less persistent EDCs.

¢ Levels in humans and wildlife are related to how
much a chemical is used. Bans on several POPs have
led to declines in environmental levels and human
body burdens. In contrast, there are increasing levels
of some newer EDCs, such as perfluorinated alkyl
compounds and replacements for banned brominated
flame retardants.

¢ There is global transport of EDCs through natural
processes (ocean and air currents) as well as through
commerce, leading to worldwide exposure of humans
and wildlife to EDCs.

Concluding remarks

EDCs have the capacity to interfere with tissue and organ
development and function, and therefore they may alter

susceptibility to different types of diseases throughout life.

This is a global threat that needs to be resolved.

Progress

We are beginning to understand the importance of
certain events during development and throughout the
lifespan that interact with genetic background to increase
susceptibility to a variety of diseases. It is clear that a
large number of all non-communicable diseases have
their origin during development. It is also clear that one
of the important risk factors for disease is exposure to
EDCs during development. Exposure to EDCs during
development can, as demonstrated in animal models
and in an increasing number of human studies, result in
increased susceptibility to, and incidence of, a variety of
diseases. These include some of the major human diseases
that are increasing in incidence and prevalence around the
world. The incidence of these diseases and dysfunctions is
increased at current levels of exposure to EDCs in normal
populations. It is also clear from human studies that we are
exposed to perhaps hundreds of environmental chemicals
at any one time. It is now virtually impossible to identify
an unexposed population around the globe. There is an
increasing burden of disease across the globe in which
EDCs are likely playing an important role, and future
generations may also be affected.

There have been clear benefits for human and
wildlife health from the declining use of these chemicals.

Government actions to reduce exposures, while limited,

have proven to be effective in specific cases (e.g. bans and
restrictions on lead, chlorpyrifos, tributyltin, PCBs and
some other POPs). This has contributed to decreases in the
frequency of disorders in humans and wildlife.

The advances in our understanding of EDCs have
been based mainly on information derived from studies in
developed regions. There is still a major lack of data from
large parts of the world, in particular from Africa, Asia

and Central and South America.

Future needs

Better information on how and when EDCs act is needed
to reduce exposures during development and prevent
disease from occurring. A clear example of the success of
primary prevention through exposure control is lead. We
have identified the following needs to take advantage of
current knowledge to improve human and wildlife health
by prevention of environmentally induced diseases.

A. Strengthening knowledge of EDCs: 1t is critical to
move beyond the piecemeal, one chemical at a time, one
disease at a time, one dose approach currently used by
scientists studying animal models, humans or wildlife.
Understanding the effects of the mixtures of chemicals
to which humans and wildlife are exposed is increasingly
important. Assessment of EDC action by scientists
needs to take into account the characteristics of the
endocrine system that are being disrupted (e.g. low-dose
effects and non-monotonic dose—response curves, tissue
specificity and windows of exposure across the lifespan).
Interdisciplinary efforts that combine knowledge from
wildlife, experimental animal and human studies are
needed to provide a more holistic approach for identifying
the chemicals that are responsible for the increased
incidence of endocrine-related disease and dysfunction.
The known EDCs may not be representative of the full
range of relevant molecular structures and properties due
to a far too narrow focus on halogenated chemicals for
many exposure assessments and testing for endocrine
disrupting effects. Thus, research is needed to identify
other possible EDCs. Endocrine disruption is no longer
limited to estrogenic, androgenic and thyroid pathways.
Chemicals also interfere with metabolism, fat storage,
bone development and the immune system, and this
suggests that all endocrine systems can and will be
affected by EDCs. Together, these new insights stress
a critical need to acquire a better understanding of the
endocrine system to determine how EDCs affect normal
endocrine function, how windows of exposure may affect
disease incidence (particularly for childhood respiratory
diseases) and how these effects may be passed on to
generations to come.

Furthermore, new approaches are needed to examine
the effects of mixtures of endocrine disruptors on
disease susceptibility and etiology, as examination of one



endocrine disruptor at a time is likely to underestimate

the combined risk from simultaneous exposure to multiple
endocrine disruptors. Assessment of human health effects
due to EDCs needs to include the effects of exposure to
chemical mixtures on a single disease as well as the effects
of exposure to a single chemical on multiple diseases.
Since human studies, while important, cannot show cause
and effect, it is critical to develop cause and effect data in
animals to support the studies on humans.

B. Improved testing for EDCs: Validated screening

and testing systems have been developed by a number

of governments, and it requires considerable time and
effort to ensure that these systems function properly.
These systems include both in vitro and in vivo end-
points and various species, including fish, amphibians
and mammals. New approaches are also being explored
whereby large batteries of high-throughput in vitro tests
are being investigated for their ability to predict toxicity,
the results of which may be used in hazard identification
and potentially risk assessment. These new approaches are
important as one considers the number of chemicals for
which there is no information, and these high-throughput
assays may provide important, albeit incomplete,
information. An additional challenge to moving forward
is that EDC research over the past decade has revealed the
complex interactions of some chemicals with endocrine
systems, which may escape detection in current validated
test systems. Finally, it will be important to develop
weight-of-evidence approaches that allow effective
consideration of research from all levels—from in vitro

mechanistic data to human epidemiological data.

C. Reducing exposures and thereby vulnerability to
disease: It is imperative that we know the nature of EDCs
to which humans and wildlife are exposed, together
with information about their concentrations in blood,
placenta, amniotic fluid and other tissues, across lifespans,
sexes, ethnicities (or species of wildlife) and regions.
Many information gaps currently exist with regard to
what is found in human and wildlife tissues, more so for
developing countries and countries with economies in
transition and for chemicals that are less bioaccumulative
in the body. Long-term records to help us understand
changes in exposures exist only for POPs and only for a
few countries.

In addition, there is a need to continue expanding
the list of chemicals currently examined to include those
contained in materials and goods as well as chemical
by-products; it is impossible to assess exposure without
knowing the chemicals to target. The comprehensive
measurement of all exposure events during a lifetime
is needed, as opposed to biomonitoring at specific
time points, and this requires longitudinal sampling,
particularly during critical life stages, such as fetal

development, early childhood and the reproductive years.
Wildlife and humans are exposed to a wide variety of
EDC:s that differ greatly in their physical and chemical
properties. Further, these compounds are generally present
at trace concentrations and in complex matrices, requiring
highly selective and sensitive analytical methods for their
measurement. The wide range of different compound
classes requires a variety of analytical approaches and
techniques, making it challenging to understand all of

the different chemicals in the environment and in human
and wildlife tissues. There is a growing need to develop
new analytical techniques and approaches to prioritize
the assessment of EDCs. There is global transport of
EDCs through natural processes (ocean and air currents)
as well as commerce, leading to worldwide exposures.
New sources of exposure to EDCs, in addition to food,
have been identified and include indoor environments and
electronics recycling and dumpsites (of particular concern
in developing countries and countries with economies in
transition). The sources and routes of exposure to EDCs
need to be further investigated.

D. Identifying endocrine active chemicals: Identifying
chemicals with endocrine disrupting potential among all
of the chemicals used and released worldwide is a major
challenge, and it is likely that we are currently assessing
only the “tip of the iceberg”. It is possible to trace high
production volume chemicals, but that is not the case for
the numerous additives and process chemicals. Adding
greatly to the complexity, and to the number of chemicals
in our environment, are the unknown or unintended by-
products that are formed during chemical manufacturing,
during combustion processes and via environmental
transformations. While the active ingredients in
pharmaceuticals and pesticides have to be documented
on the final product, this is not the case for chemicals in
articles, materials and goods. Personal hygiene products
and cosmetics require declarations of the ingredients,
and the number of chemicals applied in this sphere of
uses counts in the thousands. Many sources of EDCs

are not known because of a lack of chemical constituent
declarations in products, materials and goods. We need to
know where the exposures are coming from.

E. Creating enabling environments for scientific
advances, innovation and disease prevention: Exposure
to EDCs and their effects on human and wildlife health
are a global problem that will require global solutions.
More programmes are needed that foster collaboration and
data sharing among scientists and between governmental
agencies and countries. To protect human health from
the combined effects of EDC exposures, poor nutrition
and poor living conditions, there is a need to develop
programmes and collaborations among developed

and developing countries and those in economic
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transition. There is also a need to stimulate new adaptive
approaches that break down institutional and traditional
scientific barriers and stimulate interdisciplinary and

multidisciplinary team science.

F. Methods for evaluating evidence: There is currently
no widely agreed system for evaluating the strength of
evidence of associations between exposures to chemicals
(including EDCs) and adverse health outcomes. A
transparent methodology is also missing. The need

for developing better approaches for evaluating the
strength of evidence, together with improved methods

of risk assessment, is widely recognized. Methods for
synthesizing the science into evidence-based decisions
have been developed and validated in clinical arenas.
However, due to differences between environmental and
clinical health sciences, the evidence base and decision
context of these methods are not applicable to exposures
to environmental contaminants, including EDCs. To

meet this challenge, it will be necessary to exploit new
methodological approaches. It is essential to evaluate
associations between EDC exposures and health outcomes
by further developing methods for which proof of concept
is currently under development.
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What is endocrine disruption all about?

Chapter 1

What is endocrine disruption all about?

Jerrold J. Heindel, R. Thomas Zoeller, Susan Jobling, Taisen Iguchi, Laura Vandenberg, Tracey J. Woodruff

10 Introduction

We live in a world in which man-made chemicals are part of
everyday life. Some of these chemical pollutants can affect the
endocrine system, and as such can interfere with hormonally-
controlled processes of humans and wildlife. In response to this
recognition, the joint International Programme on Chemical
Safety (IPCS) of WHO, UNEP and ILO (International Labour
Organisation) developed in 2002 a "Global Assessment of the
State of the Science of Endocrine Disruptors". In the intervening
decade, a great deal of research has provided new information
about the mechanisms by which environmental chemicals

can interfere with hormone actions, the degree to which our
environment is contaminated with such chemicals, and the
relationship between chemical exposures and health outcomes
in humans and in wildlife. The goal of this chapter is to provide
an introduction to the concept of endocrine disruption before
delving into the details of human and wildlife health effects in
Chapter 2 and the exposure science in Chapter 3.

1.1 Overview of human and
wildlife health

Chronic (non-infectious) diseases are the principal causes

of sickness and death around the world (WHO, 2011;

Hanson & Gluckman, 2011). In the pediatric population,

this includes — but is not limited to — asthma, birth defects,
neurodevelopmental disorders, cancer, diabetes and obesity
(Bloom, Cohen & Freeman, 2009); in adults, this includes —
but is not limited to — cardiovascular diseases (CVDs), cancer,
diabetes and obesity, allergic and autoimmune diseases (Pleis,
Ward & Lucas, 2010). Many of these diseases and disorders are
increasing, some globally (WHO, 2011; Woodruff et al. 2004;
reviewed in Chapter 2 of this document) (Table 1.1). Important
examples are the increases in the global rates of obesity,
elevated blood pressure, diabetes and metabolic syndrome.
Taken together, chronic illness represents a significant burden
on the world’s populations (WHO, 2011).

As developed more fully in Chapter 2, the World Health
Organization in 2008 estimated that 1.5 billion adults, aged
20 and older, were overweight and nearly 500 million were
considered obese. In some developed countries like the USA,
the prevalence reaches approximately 27% of adults and
17% of children and adolescents. Developing countries like
Kuwait also have a very high prevalence and it is common to
find obesity and malnutrition side by side in low- and middle-
income countries. In the USA, the complications of obesity

are now more financially costly than any other preventable
cause of death with expenditures estimated to be 17% of all
USA medical costs each year (Cawley & Meyerhoefer, 2012).
Further, at age 12, obese children who remain overweight

will have direct medical expenses throughout life associated
with their excess weight that is estimated at US$ 6.24 billion
(Trasande &Liu, 2011). Obesity is also a significant risk factor
for other diseases and other disorders; worldwide estimates of
billons of humans suffer from diseases associated with obesity
such as glucose intolerance, insulin resistance, and raised blood
pressure.

The number of diabetics in the world is expected to increase
from 194 million in 2003 to 330 million in 2030 with three of
four affected individuals living in developing countries. The
global health expenditure on diabetes alone is expected to rise
to US$ 490 billion in 2030—12% of all per capita health-care
expenditures (Zhang et al., 2010). The burden of premature death
from diabetes in developing countries is similar to that of HIV/
AIDS, yet the problem is largely unrecognised in these areas.

Worldwide, an estimated 17 million people die of CVDs
every year (mostly from heart attacks and strokes). Once
associated with industrialized countries, CVDs are now
emerging or rapidly increasing in some developing countries.

Alongside CVDs, adult cancers are also an increasing
cause of mortality throughout the world and are exceeded
only by CVDs in developed countries. As with CVDs also
cancer frequency increases are strongly influenced by ageing.
However, endocrine related cancers may not fully follow
the same pattern. Breast cancer is the second most common
cancer in the world and the most common among women.
Other reproductive endocrine cancers such as prostate and
cervical cancers are amongst the top ten most common cancers
globally, together with colorectal, stomach, liver, oesophageal,
head, neck and bladder cancers. The rates of breast, pancreatic,
endometrial, prostate and kidney cancers are up to five times
higher in industrialized countries than developing countries,
whereas the rates of stomach cancer show decreasing trends
with increasing economic development.

Limited data suggest difficulties among women to conceive
and maintain pregnancy in the last two decades, (Swan et al.,
1999; Chandra, 1998). Female reproductive disorders such
as polycystic ovarian syndrome (PCOS), uterine fibroids and
endometriosis are leading causes of sub fecundity and infertility,
affecting 3 to 15%, 25-50%, and 10.35%, respectively, of women
of reproductive age (Chapter 2.2). Large proportions (up to 40%)
of young men in some countries have low semen quality which
reduces their ability to father children (Chapter 2.3).
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Table 1.1. Trends in childhood diseases and disorders. National statistics provide information on these trends.

Outcome Years Available Data Source

Data Description

Notes

Centers for Disease Control and
Prevention, National Center for

Asthma 1980-2000

Data for ages 0-17.The NHIS is a continuing nation-
wide sample survey of the civilian non-institution-

Health Statistics, National Health alized population collected by personal household

Interview Survey

interviews. In 2000, 32 374 people 18 years or older

and 13 376 children aged 0-17 were interviewed.

Data are based on parental response to whether
child has had asthma in last 12 months (see text).

ADHD 1997-2000 Centers for Disease Control and
Prevention, National Center for
Health Statistics, National Health

Interview Survey

See NHIS description above. Data for ages 15-17.
Terminology for this condition has evolved. The
American Psychiatric Association adopted the name
“attention deficit disorder” in early 1980s and revised
it to “attention-deficit/hyperactivity disorder”in
1987.The NHIS of 1997-2000 used here to represent

Data for 1997-2000 are combined
because of small response in
single years. Data for children
aged 5-17 are used because of
difficulty in diagnosing ADHD in
younger children

prevalence of ADHD used the term “attention deficit

disorder”.

Data are based on parental response to the question,
“Has a doctor or health professional ever told you
that (child’s name) had attention deficit disorder?”

Centers for Disease Control and
Prevention, National Center for
Health Statistics, National Health
Interview Survey

Mental
retardation

1997-2000

Childhood 1974-1998
cancer

National Cancer Institute; Surveil-
lance, Epidemiology and End
Results Program (incidence);
Centers for Disease Control and
Prevention, National Center for
Health Statistics, National Vital
Statistics system (mortality).

See NHIS description above. Data for ages 0-17. Data
are based on parental response to the to the ques-
tion “Has a doctor or health professional ever told
you that (child’s name) had mental retardation?”

Most common definitions em-
phasize sub average intellectual
functioning before 18 years of
age, usually defined as IQ <70,
and impairments in life skills.
Different severity categories,
ranging from mild retardation to
severe retardation, are defined
by 1Q scores.

There are also trends in pediatric health (Woodruff et al.
2004). In the United States, United Kingdom and Scandinavia,
the preterm birth rate has increased by more than 30% since
1981. This is of concern because these infants experience
increased rates of morbidity, including respiratory and
neurological conditions, and mortality during the perinatal
period. They are also more likely to suffer from CVDs
and obesity, lung disease, and type 2 diabetes in adulthood
(Chapter 2.2). In addition, birth defects are the leading cause
of infant death and certain birth defects, such as those of the
male reproductive organs are rising in many countries (Caione,
2009). Neurobehavioral disorders, including dyslexia, mental
retardation, attention deficit hyperactivity disorder, and autism
affect nearly 20% of children in those countries where it has
been evaluated; autism spectrum disorders now occur at a
rate that approaches 1% (Chapter 2.6). Thyroid diseases and
disorders also represent a particularly high and increasing
disease burden in children and adolescents in several countries
in which they have been studied (Chapter 2.5). The prevalence
of paediatric asthma has more than doubled over the past
20 years, and is now the leading cause of hospitalizations
and school absenteeism (Landrigan & Goldman, 2011). The

incidences of paediatric leukemia and brain cancer have

also risen (Woodruff et al., 2004), as well as the incidence of
testicular cancer (increases of up to 400%), the most common
cancer in young men in many industrialized countries (Chapter
2.3). Aside from these disease trends, there is a secular trend
toward premature puberty among American and European
girls which is concerning because it can lead to reduced adult
height, increased risk of bre