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PREFACE

For many years, interest in the prevention of diseases in children was concentrated
on improvement of the postnatal environment. However, since the major problems
of infectious diseases and nutrition were solved with the help of vaccinations and
better feeding regimes, it became clear that new approaches were needed to prevent
and treat the disorders and problems we are facing now - problems mainly arising in
prenatal life.

Today’s epidemics in children are prematurity; intra-uterine growth retardation;
learning disabilities; Attention Deficit Hyperactivity Disorder (ADHD); asthma and
allergies; auto-immune diseases such as type 1 diabetes and Crohn’s disease (both
increasing in recent decades, due to so far unknown environmental factors); cancer;
obesity and hearing problems. All of these problems can have their roots in prenatal
life. The idea that the mother is protecting the child while (s)he is developing in
utero has been proved to be wrong. Environmental toxicants, especially the fat
soluble persistent bioaccumulating chemicals, pass across the placenta and can
damage the developing baby. Inhibiting influences on placental enzymes, such as by
pesticides, might have long-term effects, for instance on blood pressure.

This book examines various aspects of congenital diseases and the environment.

Congenital anomalies are among the most important causes of handicap and
mortality. About 4-5 % of newborns have a congenital defect, of which 1% is
severe.

Already in 3000 BC, congenital abnormalities like achondroplasia were described
and the Romans thought that an abnormal child was born as a predictor of the future,
using the word “monstrum”. Moreover, in the middle-ages many mothers, together
with the midwife and the abnormal child, died at the stake on accusation of being
bewitched.

After Mendel, in the first half of the twentieth century, ideas about causes pointed to
genetics.

XVii
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In 1941, for the first time, a publication from Australia made it clear that a rubella-
infection caused a congenital cataract. In addition, the more recent thalidomide
scandal underlined the effects of drugs in the early phase of pregnancy.

Congenital malformations are mostly disorders of organs that develop in the first
trimester of pregnancy. However, even more important quantitatively are the
functional teratological disturbances arising in the second and third trimester.

Besides drugs, other environmental stressors also became known to cause
disturbances in development, resulting in anomalies when taking place in the first
three months of pregnancy, and in functional problems when occurring in the second
and third trimester of pregnancy or in the early postnatal period.

It is not so surprising that the prenatal period is the most vulnerable one. Between
conception and birth, the fertilized ovum goes through some forty-two cycles of cell
division to develop into a full-term infant; after birth, only another five are needed to
attain adult size. Credit is due to David Barker, who brought attention to the early
origin of adult disease. Well-known are the studies done in the Netherlands on the
influence of hunger in the Dutch Hunger winter in the period of November 1944 -
May 1945. Besides a high mortality and morbidity at birth, the growth restriction of
the fetus during this period of hunger (mostly a protein deficiency) resulted fifty
years later in an abnormal glucose metabolism with a defective glucose tolerance,
abnormal lipid profile and higher blood pressure. The cohort conceived during the
peak of the hunger, in the months February until May 1945, and born in November
with normal or even higher birth-weights, showed later in life an increase in obesity
and schizophrenia.

It is fair to say that at this moment, the causes of most congenital malformations are
not known, but these are probably multi-factorial, with infinite numbers of causative
factors. A single-compound approach to testing, as is done now in classical
toxicology, is no longer sufficient in a world of multiple exposures. The
combination of different chemicals, or the combination with an infection or stress,
can result in additive, synergistic, antagonistic or neutral effects. In general, almost
nothing is yet known about fetal toxicology. Disturbances in the thyroid hormone
homeostasis causes impaired brain development, but in the first half of pregnancy, it
is the task of the mother to provide her baby with sufficient thyroid hormone and in
that period, any problem in the mother is decisive. Abnormalities in the
estrogen/androgen status in the fetal period can result in abnormal sexual
development of the brain, such as trans-sexualism.
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Genetic causes are becoming better known, but clear-cut genetic reasons for
congenital diseases are rare and clinical aspects can be confusing. The recognition of
epigenetics also makes it clear that the environment plays a definitive role. Genes
are activated or inactivated by environmental influences such as hunger periods or
Diethylstilboestrol (DES) in pregnancy, or later, and these effects can be transferred
to the next generation when the ovum or spermatogonium is susceptible. The female
oocyte is susceptible for this imprinting around the 26th week of pregnancy of the
female baby, while the male spermatocyte is vulnerable in the pre-pubertal period in
the male.

Because the fetal period, especially the first three months, is so essential for the
individual’s later life, preconception counselling is very important. Happily,
obstetricians have become more and more convinced of this. Because the cycle of
the production of sperm is three months, a time point of three months before
conception would be ideal to counsel the future parents. The father might be given
advice to avoid all sorts of solvents, alcohol and smoking, while the mother can, for
example, lower her body burden of mercury during these three months, by avoiding
fish rich in mercury, such as the bigger tuna fish, and she can also eat a lot of foods
rich in anti-oxidants, such as grapes, berries, broccoli, carrots and beetroot.
Supplementation of folic acid and a control of the vitamin status, such as vitamin A,
are important for the mother-to-be. Control of diseases such as diabetes,
hypertension, and epilepsy is also important before conception.

This book addresses the crucial question “how environmental factors/stressors
influence the intra-uterine life of the fetus” and highlights current relevant scientific

knowledge.

J.G. KOPPE

Emeritus Professor of Neonatology
Ecobaby Foundation

The NETHERLANDS
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Summary

In recent years, increasing attention and resources have been brought to bear on the
relationship between environment and congenital diseases. These diseases were
previously thought to be mostly due to genetic causes. Even though the importance
of genes as factors in causation is accepted, environmental factors seem to be
implicated just as strongly. This book explores some further concepts that have
arisen from more recent perceptions of environmental effects and their possible
interactions with living systems.

Bearing in mind the difficulty of assessing the cause and extent of congenital
diseases, methods of studying environmental impacts are presented and a new
approach for toxicology is advocated: assessing low dose and chronic exposure.
Emphasis is placed on developmental endpoints as markers of endocrine disruption
with possible teratogenic effects of compounds and mixtures of substances. The
acquisition of valuable markers and sources of information, obtained by examining
congenital anomalies in wildlife and tracing back exposures and contaminants is
discussed.

Furthermore, this book includes details of the most recent studies on the effects of
compounds such as dioxins, thalidomide, PCBs, and phthalates, in the causation of
congenital anomalies. As a result, their mechanisms are now far better understood,
though not yet fully elucidated. Intra-uterine exposures to pesticides causing
congenital anomalies are discussed from the viewpoint of European policy.

P. Nicolopoulou-Stamati et al. (eds.), Congenital Diseases and the Environment, 1-17.
© 2007 Springer.
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I contrast, the example of Vietnam is presented, which is known to have undergone
very high exposure to dioxins three decades ago.

Some of the most recent definitions and aspects of specific congenital anomalies are
also addressed in this book: examples include testicular dysgenesis syndrome,
cryptorchidism, effects on the human sex ratio and congenital malformations in
boys. Certain pathways are presented, such as endocrine disruption affecting normal
development, but also novel ones, such as inflammation and steroidogenesis.

Reports from different countries are outlined, with recent trends of particular
conditions and their incidence rates: the interest also lies in their widespread
geographic distribution. Countries considered are Greece, Bulgaria, and UK.

Following these factual reports, the manner in which policy elaboration and
implementation are affected by this data are discussed, as well as the importance of
raising awareness, increasing education, sharing information and instigating
research. The exchange of information and knowledge within the EU constitutes a
priority that should be promoted using recent advances in information technology.
The concerns of NGOs should be also considered in this context, as they represent
intermediaries between citizens, scientists and policy makers.

1. Introduction

The environment can have a considerable impact on several stages of reproductive
health, ranging from the maturation of organs and endocrine systems to indeed, the
health of the developing organism as a whole. A systematic investigation and
assessment of the current state of knowledge concerning congenital abnormalities is
therefore important. Congenital abnormalities have traditionally been associated
with inherited conditions. Recent advances in scientific knowledge allied to
discoveries of environmental agents such as EDs have altered this perception. It is
the aim of this book to present these new concepts and frameworks in the field of
environmental effects on congenital anomalies, in order to inform both scientists and
non-expert professionals of recent developments. Additionally, a strengthening of
communication between all levels is advocated, from investigation to
implementation of policy.
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2. The changing concepts of environmental influences in the causation of
congenital anomalies

Our traditional understanding about how congenital anomalies occur, what their
causes are, and how to identify them have been overturned by technological and
scientific advances. Examples addressing diet (Jirtle et al., 2004) and exposure to
environmental agents, such as toxins, and/or EDs (Newbold, 2005) have been
published. Contrary to the traditional tenets of toxicology, toxins have been found to
be able to exert subtle effects at concentrations several orders of magnitude lower
than those found in classical high dose studies. The fact that these can be altered by
individual susceptibility has resulted in the new discipline of pharmacogenomics.
An example of this low dose toxicology is provided by Rajapakse ef al. (2001). The
timing of exposure during development is crucial, as evidenced by the vulnerability
of the organism during critical windows of embryonic development.

The main changes that have emerged to challenge previously widely held beliefs
concerning the origin and nature of congenital diseases, the current state of science
concerning this issue and the directions that future enquiry are likely to take, are
addressed in this book. The validity of current studies might be contested by many,
due to the inability to compare the present results with ones from previous periods.
No comparable records are available for environmental levels of certain substances,
even from some decades ago, since they were not deemed to represent a hazard or
because measurement technique changed. A view which, even though changed
today, does not grant an accurate idea of past exposure. Therefore, the current
studies and research methods will have to rely on screening and monitoring services
as well as laboratory research. Multidisciplinary approaches and increased
professional interactions are considered essential for understanding the effects of the
environment on congenital disorders, and identifying areas of concern. In addition,
another challenge is the necessity for the scientist to persist and develop findings, in
the face of peer pressure or adverse media impact, in order to raise public awareness
and advise politicians of possible risks. Establishing networks of communication
between experts, and tying closer links with the media, are perceived as being
essential, in order to protect future generations.
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3. Methods to study congenital anomalies and their links to the environment

3.1. EUROCAT: Surveillance of environmental impact

In order to study congenital anomalies, it is essential to be able to detect them
consistently. In recent years, it has been difficult to assert whether there has been a
genuine rise in some congenital anomalies, or whether our screening and detection
capacities have improved to the extent of detecting them earlier and more accurately
than before (Dolk et al,, 1998). To this end, an organization that would monitor
levels of occurrence of congenital anomalies would help determine whether there
are any trends or fluctuations that might necessitate action or the taking of
precautions. This would provide advanced warning as well as a tool for monitoring
and statistically analyzing these occurrences, thus identifying risk factors (Dolk and
Vrijheid, 2003; Dolk, 2004). This is reflected by the surveillance policy of
EUROCAT, the main points of which can be summarized as: routine monitoring,
detection and response to spatial and temporal clusters of cases, and finally
evaluation of specific environmental exposure hypotheses with the data obtained.
However, the current position, comprising a pan-European network of surveillance
consisting of different data sets from different sources, makes a strong argument for
a unified European environmental health surveillance strategy with the required
stable and robust monitoring. This would have the main aim of assessing exposure
from environmental factors, rather than determining definitive causes for
phenomena.

3.2.  Endpoints for prenatal exposures in toxicological studies

Regulatory toxicology consists primarily, though not exclusively, of product testing
using toxicological studies of high dose and brief duration of exposure before being
released for commercial use. Yet, it has been established that the various systems in
an organism work in a homeostatic fashion, and that there are specific periods, such
as critical windows of development, where these systems are likely to be disrupted.
These disruptions can occur at low doses, and in long term exposures: conditions
that are not tested by routine toxicology. Hence, in order to account for the
variability of the organism’s dynamic systems and the specific pathways that these
substances take, it is essential to increase the use of developmental toxicology, with
an emphasis on its importance for risk assessment. The testing of substances during
in utero exposure in animals has been the standard for many years, and their results
have been deemed useful (Newman et al., 1993). The development of an organism
is regulated by multiple events, which if delayed or disrupted, will affect the
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development of the organism for life, resulting not only in congenital anomalies, but
also in functional deficits: for example, thyroid hormones (Stoker ef al., 2000). The
use of specific tests, that calculate the variable susceptibility of specific organs and
how they develop, by custom-tailoring them to specific maturation markers, will
ensure that the action or influence of any potential toxicant can be detected at an
early stage (Mantovani and Calamandrei, 2001). It is difficult to assess some of
these using animal models or in vitro assays; certain sensitive aspects, such as
reproduction (Gray et al., 2000) or immunity (Nohara et al, 2004), can prove
challenging.

The responsibility remains to refine and develop ever more sensitive tests, with
better detection in mind, and for specific end points of prenatal exposure. The future
development of these tests is presented in this book (Mantovani et al., 2006),
together with the current issues involving their use, such as quality of detection, and
validation of tests.

3.3.  Evidence from wildlife

The development of ever more sensitive tests and in vitro models of exposure for
studying congenital abnormalities and their links to the environment are essential,
even though they present various limitations to their applicability and the extent of
assessment they offer. Even then, the information they produce might not be
representative of the holistic manner in which exposure occurs in the environment.
In this respect, an interesting complement to these methods is the studying of
environmental exposure of wildlife. Congenital abnormalities can be studied
together with levels of exposure of substances and mixtures that are actually present
in the environment, and do not need to be artificially replicated. These observations
can provide useful indications of possible pathways and modes of action of
substances, as well as combinations thereof, which result in congenital abnormalities
(Dunbar et al., 1996). They can then be used as a direct warning for determining
exposure, and also provide a foundation for more refined investigations in
laboratories. An example is DDT exposure, which has been shown to present
congenital abnormalities in wildlife studies: a study in humans found a similar link
between DDT levels and spontaneous abortions in Chinese workers (Korrick et al.,
2001).

In this book, some different examples studied in wildlife are presented and the
information that can be gained from environmental disasters or recorded levels of
high exposures is discussed. An example is the contamination of lakes in Florida
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and the resulting rise in congenital abnormalities seen in alligators (Guillette et al.,
1994). Admittedly, it is more difficult to correlate observations to specific factors.
These indications provide a valuable source of information, along with excellent
models of exposure to environmental substances and factors, potentially leading to
the development of more realistic hypotheses, and a wider conceptual framework of
incidence of congenital abnormalities.

3.4. Epidemiology

The epidemiology of congenital abnormalities represents an essential aspect of
study, in order to determine prevalence and risk factors of these conditions, with
correlations to environmental factors (Dolk, 1998). By associating, in both a
temporal and spatial manner, specific patterns of incidence of congenital
abnormalities, possible risk factors can be isolated and extracted, with the potential
to elaborate hypotheses that can be tested, in the laboratory (Game et al., 2005).
This process allows an improved understanding and elucidation of the causes of
congenital abnormalities, permitting the determination of any fluctuations in their
occurrence.

In this book, the different aspects of epidemiological studies on congenital
abnormalities, with the current state of research, are presented (Rosano et al., 2006).
These studies face several complications, such as the accurate determination of
specific causes, the possibility to isolate and correlate specific factors with specific
conditions, data acquisition and validation, as well as adjustments for human factors.
Presenting a population report on a congenital abnormality requires accurate records
and reliable sources: if these are not available, the integrity and validity of the study,
as well as the quality resulting from its conclusions, might be flawed.

3.5. Clinical teratology

Clinical observations play an important role in determining the prevalence and
incidence of congenital abnormalities. Indeed, it is an essential task to be able to
correlate the incidence of specific rare diseases within a population, and enquire
whether there are any underlying patterns of exposure. Repeated presentation within
a specific temporal interval of rare conditions that present similar symptoms or
features is a powerful diagnostic tool. Congenital abnormalities can also arise due to
iatrogenic interventions, by prescription, application of, or exposure to, certain drugs
and substances. In this book, the importance of detecting specific indications of
exposure from clinical examinations and determining possible origins and causes for
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teratogenesis are discussed. This, in turn, helps to assess and estimate the risk
factors, whether they are limited to specific cases or might represent a threat to a
wider segment of the population or area. As such, it constitutes an important
complement to surveillance and epidemiology studies, representing a powerful
method for detecting and determining likely causes for concern.

4. Chemicals and exposure conditions associated with congenital anomalies

4.1.  Congenital diseases related to environmental exposure to dioxins

Dioxins are one group of chemicals that has been implicated in congenital diseases.
These substances have a wide distribution, and represent a characteristic group of
EDs with many effects. They are lipophilic and easily absorbed and stored in
adipose tissue. Dioxins are known to interfere with Vitamin A metabolism,
necessary for the monoglycosylation of proteins. Dioxin poisoning possesses short-
term effects, such as chloracne poisoning, as seen in the recent case of the two
Austrian secretaries (Geusau ef al., 2001; Geusau et al., 2002)). It also exhibits long-
term effects, characteristic of EDs, as these substances can be transferred from the
mother’s adipose stores to the embryo. Due to the lack of an effective BBB, together
with the fact that dioxins can be taken up through the placenta by the fetus, they can
affect neurological development, and cause congenital abnormalities, or
disturbances of sex-specific behaviour (Vreugdenhill et al., 2002). In this book, it is
demonstrated (Koppe, 2006) how various forms of dioxin exposure that occurred
during specific documented events correlated with a rise in several, otherwise rare,
congenital diseases, such as cleft lips, and especially relating to NTDs such as
hydrocephalus, or spina bifida. These can be linked to the inhibition of vitamin A,
and therefore be traced back to an action of dioxin. More research is necessary to be
able to determine the exact mechanisms of action of these complex substances; yet
detection of exposure and counselling of pregnant women could greatly help to
alleviate and control risk factors in the future.

4.2.  Association of intra-uterine exposure with drugs: the thalidomide effect

EDs possess multiple forms of action that can be more long-term than anticipated by
normal toxicological studies, rendering these studies inadequate for assessing the
effects of some of these substances. This is particularly true in the context of
congenital abnormalities, as some of these substances and other toxins can act as
teratogens, resulting in damage to the embryo or fetus (Finnell et al., 2002).
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However, another particular danger is that drugs can potentially pass toxicology
tests, and only present problems at a much later stage, such as pregnancy. Such was
the case with DES, or fetal abnormalities with valproic acid; but the more notorious
example in relation to congenital abnormalities is thalidomide. Thalidomide caused
substantial damage to the embryo, and the main issue, which it exemplifies along
with other teratogens, is that its effects occur much later. As another point of
interest, animal studies might not be suited to determine intra-uterine effects of
certain drugs or toxins, proving to be misleading: the case of thalidomide exposure
in rats is complex (Vorhees et al., 2001). A possible reason for that might be due to
the different ways of some animals, of metabolizing and excreting these agents,
compared to humans.

In this book, the finer clinical aspects of effects of drugs during intrauterine
exposure and congenital abnormalities are discussed, while also pointing to the
importance of including genetic studies within the conceptual framework necessary
to assess the origin of congenital abnormalities (Clementi et al, 2006).
Consideration of the prevalence within a population, specific genetic individual
susceptibility, and the methods to detect and test these factors, such as micro arrays
and pharmacogenetic studies, represent some important aspects in clinical
assessments.

4.3.  Endocrine disrupter exposure and male congenital malformations

One of the major concerns about epidemiological studies is whether they are
actually representative of the individual: according to certain authors, the principle
of ‘the ecological fallacy’ relies on the repeated failure to correlate biological effects
observed on a population level with the individual level (Vidaeff and Sever, 2005).
The real problem actually lies in the fact that, in the environment, chemicals are
rarely isolated, but they are present in multitudes, and in different low doses. Their
effects may be weakly estrogenic or androgenic, but in mixtures they can show
potentiated effects, in a synergistic fashion (Kortenkamp and Altenburger, 1998).
Previous epidemiological studies also presented inconsistencies in their
methodologies, in that they relied on questionnaires and models. In a current chapter
of this book, Fernandez and Olea (2006) present an epidemiological study involving
a study cohort of children, and link it to exposure with a variety of factors. The main
factors considered were geographical regions and blood samples to measure the
Total Effective Xenoestrogen Burden of the alpha fraction (TEXB-alpha), indicating
different exposure patterns. An increase in prevalence of congenital abnormalities in
the Southeast of Spain seemed linked to an increase of pesticide use. This study
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would indicate some links between increased use of pesticide, limited to the rural
parts of the country, and prevalence of congenital abnormalities, such as genital tract
malformations. One of the main benefits of these studies, noted by the author, is
their hypothesis-generating ability, while highlighting the importance of
epidemiological studies in order to assess harmful effects in humans. In addition,
emphasis is laid on the necessity to establish a certain process for data acquisition:
information from scientists should be transformed into knowledge, which then
should raise concern in non-expert professionals that can in turn raise the awareness
of the public. This will have an impact on decision making. Waiting for the
necessary evidence might not be an option: the Precautionary Principle should be
applied to prevent deleterious situations from arising before they occur.

4.4.  Links between in utero exposure to pesticides and their effects on human
progeny. Does European pesticide policy protect health?

Various population studies have revealed multiple incidences of congenital
abnormalities which can be linked to exposure to pesticides (Nurminen, 1995;
Kristensen et al., 1997; Shaw et al., 1999; Garry et al., 2002). Toxicological safety
testing in laboratories is performed on animal models, which can prove to be
inadequate for extrapolation. In this book, the issue of whether pesticide exposure
was covered by European directives, and whether there was a certain protocol to
follow to ensure safe practice, is explored. According to the author (Wattiez, 2006),
these directives are, from a European point of view, neither properly assessed, nor
considered. There do not seem to be any specific tests required for ED properties nor
for developmental neurotoxicity. Furthermore, there is no consideration of the
possibility of combined effects. In addition, the components that are necessary, in
order to cover the basic requirements for maintaining efficient criteria in monitoring
pesticide exposure are presented.

4.5.  Phthalates

Phthalate esters (more usually simply called phthalates) constitute an essential
component of many modern industrial products, from plastics to cosmetics, such as
perfumes. They are more or less ubiquitous in our environment, and research has
also identified them in human tissue (Paganetto et al., 2000). Connections have been
made between the effects of members of this chemical family which are EDs, acting
on the development of genitalia, being also correlated to increased incidence of
hypospadias in a dose-dependent manner (Steinhardt, 2004). Other focused studies
on the genetic effects of phthalates in animals have identified a link with Male
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Dysgenesis Syndrome (MDS) (Fisher er al, 2004), and another recent paper
identified new gene targets of in utero exposure of phthalates (Liu et al., 2005). One
of the pathways which is thought to be affected is for the normal development of
Sertoli cells, leading to MDS. This is evidenced by decrease in the anogenital
distance, and other testicular anomalies, observed in rodents: a strong link with these
symptoms was forged, when the same effects amongst male human infants were
correlated with prenatal phthalate exposure (Swan et al., 2005).

5.  Environmental congenital anomalies

5.1. Testicular dysgenesis syndrome

Neonatal exposure to environmental agents can affect development. This is well
illustrated by MDS. Testicular development depends on a complex feedback pattern
but usually there are other symptoms expressed along with MDS, such as reduced
sperm quality, or testicular cancer. This pattern is linked to the interaction between
certain basic systems that compensates for fluctuations: if many of them show
reduced function, or one of them ceases altogether, as seen with Leydig cells, then
the effects can lead to MDS. Our knowledge of this syndrome and its underlying
possible environmental causes is presented by Virtanen and Toppari (2006) in the
relevant chapter of this book. A review of the current scientific perspective is
coupled with an epidemiological approach to population migrations and prevalence
of MDS in Finland. The incidence of various congenital abnormalities, such as
cryptorchidism (Boisen et al, 2004) and hypospadias (Boisen et al, 2005), is
considered. Mainly, the questions posed by the authors concern whether the changes
observed in MDS can be quantified, and how to differentiate between environmental
and genetic reasons in this context. This raises the issue of the importance of closer
interaction amongst researchers, towards a common goal. In addition, compiling
together of unrelated data should be avoided. In this respect, it is not possible to
make a common unified outcome out of different, yet possibly linked,
environmental factors.

5.2, Endocrine disrupters, inflammation and steroidogenesis

Testicular physiology is a sensitive system, depending on various factors, such as
the prenatal sexual differentiation. The correct levels of hormones, especially
androgens, will lead to various important changes in the development of the male
fetus, such as brain differentiation. The development of male external genital
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organs, for instance, is represented by testicular descent. The physiological
conditions prevalent in the developing organism are important, with various crucial
factors occurring, such as steroidogenesis evoked by androgens seen in Leydig cells.
A classic perception of EDs is that they affect the levels of androgens in the fetus by
either weak or strong estrogenic effects, overwhelming the levels of natural
androgen (Rajapakse ef al., 2001). A novel pathway, presented by Svechnikov et al.
(2006) in this book, is that EDs can cause congenital abnormalities by affecting the
expression of steroidogenesis, which will in turn affect androgen and hormonal
levels, due to the interconnections of the system. Another element that is essential to
consider, presented in this chapter, is the possible interactions of EDs and
inflammation, by activation of cytokines in multiple cell systems. This can lead to
tissue injury, with possible consequences of damage to cells involved in the
synthesis of the essential factors in male differentiation: cells in the testis also
produce cytokines (Strand ef al., 2005). Recent studies tend to validate the principles
outlined above (Assmus et al., 2005), and outline an interesting, and exciting, new
avenue of research to understand the possible molecular and physiological pathways
leading to congenital abnormalities.

5.3.  Environmental impact on congenital diseases: the case of cryptorchidism

The prevalence of certain congenital diseases such as cryptorchidism is increasing in
different industrialised countries. There does not seem to be any specific reason or
cause to explain this: but the recent trends in male reproductive issues, such as
decreasing fertility (Skakkebaek, 2003), indicate that there might be a correlation
between these and congenital abnormalities such as TSD, hypospadias,
cryptorchidism, and many others. The question posited by Thonneau et al. (2006) in
this book is about the link between potent estrogens, the possible decrease of male
androgens which they might cause, and the combined result of their effects in the
differentiation of genital organs. There are multiple chemicals that have been
identified to function as anti-androgens (Fisher et al., 2004); yet the main difficulties
that are encountered when attempting to apply this data to human studies are the
limitations on information on environmental exposures of humans. Different
countries use different chemicals, and positing a clear relationship can be
particularly challenging. It is therefore important to define the exact window of
exposure, and where multiple effects can affect systems that will remain unchanged
even in adult life. Once again, the difficulties of epidemiological studies are
rendered clear, and an emphasis is made on the necessity of collaboration between
different disciplines in order to capitalise on the information acquired from these
studies.
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6. Policy aspects

6.1.  Raising awareness of information society on impact of EU policies
and deployment aspects

More and more, the exchange of information acquires a predominant role. This is
also felt strongly due to the decline of the industrial and manufacturing branch of
European economy, with developing countries acquiring an edge, due to cheaper
labour and manufacturing costs. Europe still has the leading role in education of
individuals and elaboration of high quality ideas, within the framework of a
knowledge-based economy. The marketing of ideas and of high tech methods
remains one of Europe’s best selling exports. The problem in the future would
consist in maintaining that edge, and allowing this to be developed even further.
Questions remain on the prospects of the information society, and how information
technology, along with electronic equipment, should be put to better use in order to
facilitate dissemination of knowledge. Indeed, Europe has, so far, a record of good
research, yet bad implementation and capitalisation on the level of products and
marketable results. This in turn results in the ‘brain drain’ of our most competitive
and brilliant minds, depleting the intellectual reserves of Europe when they are
needed most. The emphasis in this book, due to all these factors, is on how to foster
effective communication, how to implement policies for disseminating information,
rendering it more accessible to the citizen, and how to promote cooperation.

6.2.  The concerns of NGO’s related to congenital diseases

Congenital diseases represent an issue that requires regulation on the political level,
and further research by scientists to elucidate possible causes. However, it is useful
to remember that they also affect the individuals concerned, their families, and also
the non-expert professionals that are charged with the treatment and diagnosis of
these conditions. There seems to be a distinct lack of communication between these
various levels of individuals. NGOs represent organizations that usually intervene as
the middle ground between these levels, allowing them to have a unique perspective
on the debate at hand, while also being in closer contact to the individuals directly
affected.
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6.3.  Environmental impacts on congenital anomalies — information for the
non-expert professional

Non-expert professionals are deeply involved with congenital anomalies, as they
usually represent the first level of contact, once they occur. In that sense, they are a
group that is in a unique position for gathering and disseminating information about
these conditions, particularly to the affected individuals, who can be bewildered by
all the information displayed elsewhere: the internet is such an example of
conflicting information. Hens (2006) discusses in this chapter the importance of the
non-expert professional to define and communicate the risks involved, by evaluating
various factors, as diverse as from employment to geographical location. This is
particularly important when considering the responsibility towards public health,
and the need to educate and prevent where possible. Another goal is to try and
minimize the prescription behaviour, and try to avoid the use and prescription of
drugs that are known to be potentially harmful during pregnancy. Finally, the search
for alternatives should not be underestimated, and should be positively encouraged,
along with better communication with experts. Valuable contributions can be made
from both sides, as long as communication remains open.

7. Conclusions

The conclusions reached in the course of this book identify certain main issues
relating to the current state of research on congenital anomalies, reflecting the
difficulties they represent. Moreover, it assembles various complex features of the
problems under consideration, and suggests ways in which communication can be
improved and refined.

Current recent concepts, such as critical windows of development, when applied to
congenital abnormalities, help in understanding the problem more accurately. The
main consideration is that the range of answers that can be obtained from research,
as well as the quality of knowledge derived, depends entirely on the relevance of the
question asked. In that respect, the better the problem formulation, the more
valuable the data obtained.

The main problem in the field of congenital diseases currently is that methods are
rarely standardized, and that not everyone is using unified approaches. This can be
applied to epidemiology but also to general toxicology, developmental toxicology,
and clinical evidence-based medicine. As a result, it is more difficult to appreciate
and compare the data, which may cause confusion to experts, non-experts,
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policy-makers and the public. The evidence obtained from wildlife can prove to be a
useful tool for assessing risk factors, and to further improve methodology.

Furthermore, in this book the most important issue, involving communication, is
addressed. This aspect has been ignored, with potential serious consequences. None
of the research and scientific evidence will make any difference unless it is actively
disseminated to the correct channels, a fact which should have been self-evident in
the knowledge-based society that is Europe. The dissemination of information has
acquired a primary role throughout all other aspects of life, which unfortunately
does not seem to extend to scientific knowledge and research. This communication
should involve the public, the non-expert professionals, NGOs, and policy-makers.
There needs to be an efficient interplay of communication between all levels, with
the message getting through efficiently, targeted at raising awareness on the
environmental impact of congenital diseases.
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Summary

The standard approach to developmental toxicology includes, 1) studies targeting
the organogenesis/pregnancy period, to assess birth defects, minor anomalies (that
may be a signal of more severe effects at higher dose levels), fetal growth and
viability (OECD guideline 414); 2) one- and two-generation studies (OECD
guidelines 415 and 416) that provide an overall assessment of general parameters
related to postnatal development and survival. Studies investigating effects on
organogenesis are important for risk assessment, since short-term exposures in
susceptible developmental phases (e.g., from pharmaceuticals or workplace
chemicals) may elicit birth defects and/or embryonic loss. Several in vitro assays
also exist, using cultured rodent embryonic stem cells or whole embryos that
deserve further exploitation as a possible screening battery as well as to understand
embryotoxicity mechanisms.

Nevertheless, the science of risk assessment is increasingly concerned with the
subtle, but potentially important, effects of low exposure levels relevant to the
general population, such as dietary intakes of contaminants. In this respect, the 2-
generation study receives considerable attention, as it is the only “standard” protocol
whereby an organism is exposed during the whole of development, from gamete
stage through sexual development.

The wide group of endocrine disrupters (ED) are a good example of a challenge to
developmental toxicologists from several standpoints, including a) the potential to
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induce long-term effects upon exposure in susceptible developmental phases,
including postnatal life up to puberty; b) the potential impact of endocrine disruption
on immune, neurobehavioral and reproductive development as well as on
susceptibility to cancer later in life. Therefore, tiered approaches have to be
developed. Screening in vitro/in vivo assays should identify the most
relevan.mechanisms/endpoints to be investigated by targeted two-generation assays;
these would allow the follow-up of late outcomes and the identification of relevant
NOELSs for the most sensitive effects.

Other long-term effects of prenatal exposures, such as disruption of immune
development and early predisposition to cancer, may be considered as likely “hot
topics” for the next wave of research projects on chemical safety.

1. Introduction

The exposure of the developing organism to manufactured xenobiotics as well as
natural substances can lead to developmental alterations which can be evident
immediately after birth and/or during postnatal life; such effects can be partially or
completely recovered but they can also result in persistent sequelae (Peters, 1998).
During pregnancy, unique events occur that influence all the subsequent
physiological, anatomical, and biochemical processes. The organism passes through
highly dynamic sequences of developmental events that involve such processes as
cellular proliferation, apoptosis, differentiation, intercellular signalling, etc., (Zakeri
and Ahuja, 1997).

Organogenesis is a short phase, as it represents approximately 10 days (GD 6-15)
out of a 22-day pregnancy in rat, 13 days (GD 6-19) out of a 29-day pregnancy in
rabbit and 7 weeks (GD 9-50) days out of a 9-month pregnancy in humans (Kilborn
et al, 2002). Only this short developmental phase is generally considered to be
sensitive to the induction of malformations (Mantovani et al., 1993). Nevertheless,
the fetal period is also susceptible to general insults that may affect growth and
viability, as well as to specific effects on the histogenesis of target organs and
tissues (Calamandrei and Mantovani, 2001). Furthermore, after birth, several organs
and tissues show prolonged developmental periods, that can be sensitive to effects
on growth and functional maturation; thus, postnatal life, up to and including
adolescence, has to be regarded as a further window of potentially enhanced
susceptibility and vulnerability to any insult coming from the environment (Selevan
et al., 2000). Development has to be considered as a continuum, showing different
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peaks of vulnerability to specific insults. Thus, major tasks of developmental
toxicology are:

e to detect substances that can influence reproduction and/or development,
e identify target organs and tissues,

e identify processes involved, target periods and windows of specific
susceptibility; and,

e  possibly reveal mechanisms of action (Peters, 1998).

The standard approach to developmental toxicology, as applied in regulatory testing
strategies, includes:

1) studies targeting the organogenesis/pregnancy period, to assess birth
defects, minor anomalies that may be a signal of more severe effects at
higher dose levels, fetal growth and viability (OECD guideline 414);

2) one- and two-generation studies (OECD guidelines 415 and 416) that
provide an overall assessment of general parameters related to postnatal
development and survival (Barlow et al., 2002).

The importance of studies investigating effects on organogenesis should not be
overlooked, since short-term, even single, exposures in susceptible developmental
phases may increase the risk of birth defects and/or embryonic loss; such instances
can occur with, e.g., pharmaceuticals and workplace exposures (Koren ef al., 1998;
McMartin and Koren, 1999). Several interesting in vitro assays exist, using cultured
rodent embryonic stem cells or whole embryos and these could be developed as a
screening battery as well as being used to understand embryotoxicity mechanisms
(Bremer et al., 2005). Nevertheless, the science of risk assessment is increasingly
concerned with the subtle, but potentially important, developmental effects of the
low exposure levels that are relevant to the general population, e.g., those resulting
from dietary intakes of contaminants and residues (Mantovani and Macri, 2002).
Because of this concern, the two-generation study is receiving considerable attention
as a key element of toxicological risk assessment; in fact, it is the only “standard”
protocol used in regulatory testing whereby an organism is exposed throughout
development, from gamete stage through to sexual development (Lamb and Brown,
2000). In particular, the two-generation study is regarded as the major approach for
hazard identification and dose-response assessment of the wide group of endocrine
disrupters (ED), a heterogeneous group of contaminants widespread in the
environment that may interfere with the endocrine system in animals and in humans
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(Mantovani, 2002). As an example, two-generation studies in the rat have
characterized the effects of nonylphenol, a compound with estrogen-like activity that
can contaminate the environment and food chains as a by-product of certain non-
ionic surfactants or consumer products; nonylphenol showed only minor effects on
neurobehavioral development (Flynn ef al., 2002), whereas it affected the functional
development of reproductive, immune and renal systems at dose levels not inducing
overt signs of toxicity (Karrow et al., 2004; Nagao et al., 2001).

Therefore, the selection of appropriate test systems to evaluate possible damages to
those developmental phases which are more vulnerable to certain insults stands out
as a critical issue in developmental toxicology.

2.  An overview of regulatory tests in developmental toxicology

According to the up-to-date conceptual framework of chemical testing for
developmental toxicity, developmental effects have to be viewed in the whole
context of reproductive function; thus, developmental toxicity does not concern only
alterations induced in the intrauterine life, but also effects that can be observed
and/or induced postnatally. Also, developmental toxicity of a chemical has to be
assessed by considering the whole spectrum of toxicological actions and targets
(Kimmel and Makris, 2001).

2.1.  Prenatal development toxicity study (OECD guideline 414)

In this protocol, the female animals are treated with the test substance during
pregnancy, mainly and at the least in the organogenesis period, and sacrificed
immediately before the delivery (Barlow et al., 2002). The uterus is excised and
weighed. Caesarean parturition is routinely used to avoid the cannibalism of
malformed or non-viable pups that occurs in rodents and rabbits (Schardein ef al,
1978). Cannibalizations would obviously prevent the observation of developmental
damage. Measures of prenatal lethality (early and late resorptions, non-viable
fetuses) are recorded; viable fetuses are removed from the uterus, weighted, sexed as
well as further processed and analysed for different measures. Possible external
alterations are recorded and usually half of the pups from each litter are reserved for
skeletal studies and half of the pups for studies of soft tissue anomalies. In this way,
the main purpose of the developmental toxicity study is to identify Iethal,
teratogenic or growth retardation effects both on embryo and fetus, based on the
following endpoints: the ratio of embryonic and fetal resorptions or deaths to viable
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fetuses; the measurement of fetal weight and sex ratio; and the examination of
external, visceral and skeletal morphology.

Two animal laboratory species are used for prenatal developmental toxicity testing:
a rodent, more frequently the rat; and a non-rodent such as the rabbit, a lagomorph.
The mouse may be used instead of the rat; the two species share many features, but
the mouse is mostly used for detailed investigation of mechanisms of action,
susceptible developmental phases, etc. (e.g. Tiboni and Giampietro, 2005), rather
than for hazard identification testing. The use of more than one species is widely
considered necessary, since it can offer a better chance of detecting a potential
human developmental toxicant. The rabbit is normally chosen as the second, non-
rodent species, for historical and physiological reasons. Rabbits, but not rats, are
susceptible to limb-reduction deformities induced by thalidomide, the drug that
caused the most serious outbreak of chemically-induced malformations yet recorded
(Gordon et al.,, 1981). Attention should be given to interspecies extrapolation of
experimental results, e.g., placentation is different in the rat, rabbit and human. The
early post-implantation rat embryo is completely surrounded by the yolk sac that
mediates the mother-to-conceptus transfer of nutrients and other substances; on the
contrary, the yolk sac only partly occurs in the rabbit conceptus. In humans, the
chorioallantoic placenta plays a major role throughout organogenesis, although
supplemental absorption of nutrients by the yolk sac could also occur. Such
differences in placental morphology and physiology may affect toxicant uptake and
metabolism (Carney et al., 2004). The physiology of pregnancy also differs across
species, as the rabbit has a slightly longer fetal period (approximately 11-12 days).
The short, one-week fetal phase is a potential shortcoming in using the rat as the
most prominent species in developmental testing, since the extrapolation to humans,
who have a prolonged intrauterine phase of fetal maturation, may be difficult. As a
consequence, the rat newborn is less mature than the human; for instance, the brain-
blood barrier is markedly less efficient in rat newborns, allowing a higher passage of
toxicants, as observed for the pesticide ivermectin (Lankas ef al., 1989). The risk
assessment of chemicals where experimental studies provide conflicting results, may
require a comparative evaluation of pharmacokinetics among different species,
including humans (Nau, 2001). A major problem of the rabbit is the comparatively
limited knowledge base for toxicokinetics and systemic toxicity data in this species.
Indeed, developmental toxicity should be viewed in the context of all available
toxicological data, as it represents more than simply effects on the embryo, but
consists of effects on the mother-placenta-conceptus complex (Carney et al., 2004).
Accordingly, the EU criteria for classification and labelling of developmental
toxicants do not include substances which damage the conceptus as a mere
consequence of maternal toxicity (Sullivan, 1995). Other alternative species have
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been considered as non-rodent models, but the amount of available data is
comparatively limited. Non-human primates can share many physiological and
metabolic pathways with humans and have a similar placenta (King, 1993);
however, many ethical constraints exist regarding their use as experimental animals
in Europe. The miniature pig strains deserve interest because pharmacodynamic and
pharmacocokinetic data are available on pigs, a species in which various compounds
for veterinary use are tested. Currently, miniature pigs are used for some specific
studies (Rothcotter et al., 2002).

Of course, many targeted protocols may be envisaged as spin-off from the standard
prenatal toxicity test, in order to fulfil specific purposes. Examples include, but are
not limited to:

e treatment on single days of pregnancy to identify the critical organogenesis
for inducing a certain effect (e.g., Tiboni and Giampietro, 2005);

e cxamination of embryos in vivo to investigate the pathogenesis of
teratogenicity or embryolethality (e.g. Vinson and Hales, 2003);

e follow-up of pups exposed in utero until weaning or adulthood, in order to
assess late-appearing effects on the development of target organs,
especially those with a prolonged phase of functional maturation such as
the kidney or nervous system (Calamandrei and Mantovani, 2001).

2.2.  Two-generation reproduction toxicity study (OECD 416)

Since human exposure to chemicals found in food and in the environment may span
a lifetime, multigeneration studies are usually chosen because the test substance is
administered continuously, without interruption, to parental (P) and subsequent
offspring generations (F1, F2). This study is normally conducted with a single
laboratory species, the rat or occasionally the mouse, and it is extended over at least
two generations with one or two litters per generation (Barlow et al.,, 2002). One-
generation reproductive studies (OECD 415) are generally performed by
pharmaceutical industries for testing drugs with prolonged usage.

A two-generation reproductive study will provide information about effects on male
and female reproductive performances, potency and fertility, on pregnancy
outcomes, on maternal lactation and offspring care, on the prenatal and postnatal
survival, growth and development of the offspring as well as on their reproductive
capacity. Regulators have realized that the two-generation study is the only standard
test protocol where a group of animals (the F1 generation) is exposed to a substance
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throughout all of development, i.e., from gamete stage until sexual maturity and
production of offspring; in particular, it is the only protocol providing a reliable
assessment of exposure of newborn and peripubertal animals.

Thus, the two-generation study is now considered as a key study in the overall
assessment of toxicological risk (Lamb and Brown, 2000). Multigeneration studies
are relatively flexible protocols that can include, besides the core study, satellite
groups to investigate specific effects. For instance, cross-fostering (i.e., a group of
litters with intrauterine exposure nursed by untreated dams and vice versa) may be
used to distinguish the role of maternal and pup exposures (Luebker et al., 2005a).
In other instances, different sacrifice timepoints are used to identify the changing
trends of certain parameters at different stages, e.g., neonatal, juvenile and adult
(Laurenzana et al., 2002). The core measures of multigeneration studies provide an
indication of potential adverse developmental effects induced by prenatal exposure,
by the observation of parameters such as reduction of birth weight, litter size or
postnatal survival; reduced offspring survival at 4 days of age is a sensitive, albeit
unspecific, indicator of prenatal toxicity in the rat (Mantovani, 1992).

Such protocols may also allow the identification of any major target organs for
toxicity (particularly reproductive organs) directly from the histological examination
of tissues derived from parental and offspring animals. The multigeneration study is
generally considered to be a powerful and comprehensive tool to reveal reproductive
toxicity of chemicals (Barlow ef al, 2002). A new and interesting aspect is the
ability to investigate long-term effects on the prenatal and postnatal development of
the immune, nervous and reproductive systems (Mantovani and Maranghi, 2005;
Ogata et al., 2001; Omura et al., 2001; Tyla et al., 2000).

A drawback of multigeneration tests is their complexity and cost. The investigation
of all parameters relevant to reproductive function, as well as development, results
in a huge quantity of data. As a result, such studies can be difficult to manage and
require the use of more animals than any other type of standard toxicity test, which
raises important animal welfare issues. On a practical ground, they are time
consuming, space consuming and labour intensive. It is suggested that a battery of
preliminary assays should target the most relevant effects (Gelbke et al, 2004).
Such a stepwise approach may thus augment the unique ability of two-generation
tests to trace the effects of xenobiotics from early embryogenesis until the
subsequent maturation and reproductive performance of the new living organism.
Another, complementary, approach is to potentiate the statistical exploitation of
data. A potentially interesting development is the “benchmark dose” (BMD)
approach, that makes full use of the data at all dose levels for the different
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parameters. The estimated BMD is the lower 95% confidence limit of an area of the
dose-response curve where the slope starts to change noticeably, normally in the
range of an increase of 5 - 10 % compared to the background (control) value (Slob
et al., 2005). The BMD provides an accurate comparative assessment of the dose-
response relationships for the different effects; thus it could be very useful for
complex studies where multiple parameters are evaluated together. However, it has
seen only a limited application to two-generation assays (e.g., Luebker et al,
2005,b; Reiss and Gaylor, 2005). A possible reason is that an appropriate
exploitation of BMD would require a change of current testing protocols, with more
dose level groups (Slob ef al., 2004).

2.3.  Invitro alternative tests for developmental toxicity

The development of in vitro assays is viewed as a European priority for both ethical
and practical reasons, in order to complement in vivo testing strategies and to result
in both improved scientific reliability and the use of reduced numbers of laboratory
animals (Hareng ef al., 2005). To achieve this objective, validated alternative test
methods are required for the different components of toxicological testing. While
some in vivo tests for topical toxicity have been successfully replaced by alternative
methods, systemic toxicities require new test strategies in order to achieve an
adequate safety level for human health while reducing or replacing whole animal
testing. In this respect, reproductive toxicity offers several opportunities to develop
alternative tests. The number of animals currently required in the in vivo assays is
high; however, the reproductive system can be studied by breaking down it into
well-defined sub-elements covering the reproductive cycle. A number of pioneering
alternatives have already been developed and used, and since basically the same
protocols for animal experiments are carried out for drugs, chemicals and cosmetics,
the new testing strategies could be widely applied to the different fields of chemical
testing (Hareng et al., 2005).

In particular, as regards developmental toxicity, several interesting assay systems do
exist. Effects on organogenesis can be investigated in part through, respectively, the
Rodent Embryonic Stem Cells (Pellizzer ef al., 2005) and the Whole Embryo
Culture (Piersma, 2004). Both assays have been validated under the auspices of the
European Centre for Validation of Alternative Methods (ECVAM,
http://ecvam.jrc.it/index.htm). However, they cannot be considered as replacements
for in vivo testing (Bremer et al., 2005); the Whole Embryo Culture is an excellent
tool for studying embryotoxicity mechanisms, but it covers only early organogenesis
when the rodent embryo is supported by yolk sac nutrition; stem cells can model
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differentiation processes relevant to late organogenesis, but certainly the information
provided is too limited for evaluating complex effects at organism level, in vitro
assays may serve toxicological risk assessment either as components of a screening
battery and/or for better understanding mechanisms of actions (Eisenbrand et al.,
2002). Toxicity mechanisms are no longer regarded as a sort of academic
embellishment of toxicological risk assessment. Understanding mechanisms can be
highly relevant to such issues as the effects of combined exposures (Andrews et al.,
2004) and gene expression pathways, that could be related to differential
susceptibility to chemical effects (e.g. Bonner ef al., 2003). The new developments
in bioinformatics are also relevant. The increasing amount of information on
molecular mechanisms also support new, predictive models based on advanced
computational methodologies (“in silico”) that may be highly cost-effective (Fielden
et al., 2002); for instance, approaches based on quantitative structure-activity
relationships may model chemical-receptor interactions of test compounds (Akahori
et al., 2005). There are also some interesting efforts towards in silico models for
effects on functional maturation, e.g., of the nervous system (Gohlke et al., 2004).
On the other hand, the overall issue of delayed developmental effects is still in dire
need of non-animal assays that can be proposed for validation (Bremer et al., 2005).

Toxicokinetics presents another major challenge to in vitro testing strategies. The
many mechanisms relevant to developmental toxicity may involve multiple
metabolic pathways. It is necessary to understand the ability of different test systems
to perform metabolic transformation of xenobiotics, as well to implement the use of
metabolic activation systems in alternative models (Combes, 2004). Rapid progress
in molecular biology has led to an increasing interest in the incorporation of such
tools as transcriptomics and proteomics in toxicological testing (Klemm and
Schrattenholz, 2004; Pellizzer et al., 2004). These innovative approaches may play a
useful role in the determination of subtle effects, but there are also problems
concerning reproducibility, repeatability and scientific relevance that deserve careful
attention.

It is important to stress that no in vitro system can mimic the complexity of in vivo
development. Nevertheless, they may be efficiently combined to compose testing
strategies which might offer a realistic opportunity to achieve a substantial reduction
in animal experiments in assessments of reproductive and development toxicity.
Therefore, the validation of test batteries emerges as a critical issue, together with
and beyond the validation of individual assays. In this respect, it is noteworthy that
the Integrated Project ReProTect, funded within the EU 6th Framework Programme,
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targets primarily the development of existing in vitro assays on male/female fertility
and teratogenicity as an integrated testing battery (Hareng ef al., 2005).

2.4.  Developmental toxicity testing of environmental contaminants.
The example of endocrine disrupters

EDs are heterogeneous compounds sharing the potential of interacting with the
endocrine system by means of different mechanisms of action, e.g., binding with
nuclear receptors; alterations of the steroid and/or thyroid metabolism, etc. (Neubert,
1997). Since the homeostasis of steroid and thyroid hormones are the main targets of
ED effects, it is apparent that susceptibility is associated to life-cycle phases and that
it is enhanced throughout the prenatal and postnatal development of offspring.

EDs include several agrochemicals, veterinary antiparasite drugs and biocides
(chlorinated insecticides, organotins, imidazoles, triazoles); compounds present in
consumer products (bisphenol A, phthalates, polybrominated flame retardants);
environmental contaminants (dioxins, polychlorinated biphenyls), as well as so-
called “natural” products (phytoestrogens) (Neubert, 1997; Mantovani, 2002). EDs
are often classified according to their mechanisms, as estrogenic, antiandrogenic,
aromatase inhibitors, thyreostatic, etc.. However, such distinctions should not be
considered too rigid, as the effects of interference with the nuclear receptor
pathways may vary with the endocrine status (e.g., sex and/or age) of the target
organism, that in turn influence the regulation patterns of receptor-mediated
transcription (Beischlag and Perdew, 2005). New in vivo models are now available
to investigate such patterns and they are, in fact, increasingly exploited in
toxicology, including transgenic mice with human receptors and reporter genes
indicating receptor modulation (Villa et al., 2004).

Although the number of studies is steadily increasing, EDs still present a challenge
to developmental toxicologists from several standpoints. EDs have the potential to
induce long-term effects upon exposure during susceptible developmental phases,
including postnatal life up to puberty (e.g., Maranghi et al, 2003; Traina et al.,
2003). Thus, the two-generation test is recognized as the key study for hazard
identification of EDs (Mantovani, 2002).

Due to the regulatory role of endocrine homeostasis, mechanisms of endocrine
disruption may impact on immune system (e.g. AhR agonists), neurobehavioural
(e.g., thyroid inhibitors), or reproductive development (e.g. antiandrogens), as well
as on susceptibility to cancer (e.g., mammary or testicular germ-cell tumours)
(Donahue et al., 2005; Fenton et al., 2002; Gray et al., 1999; Inouye et al., 2005;
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Mahood ef al., 2005). In turn, this means that a number of measures are potentially
relevant to certain critical effects. As an example, indicators of impaired male
reproductive development include: anogenital distance; hypospadias; age and weight
of offspring on the day of balanopreputial separation; weight of testis and accessory
glands; sperm parameters (count, motility, morphology, genetic integrity).

In rodents, fertility is quite an insensitive parameter, since severe damage to
reproductive functional development is required to detect an appreciable effect on
measures of reproductive performance such as gestational index. On the contrary,
the qualitative and quantitative histological examination of reproductive tissues
provides effect markers detectable at lower dose levels than reduced fertility
(Mantovani and Maranghi, 2005). Therefore, the development of tiered approaches
is particularly relevant (Gelbke et al., 2004). Screening in vitro/in vivo assays should
identify the relevant mechanisms/endpoints to be investigated; in the final tier,
targeted two-generation assays will allow the follow-up of late outcomes and the
identification of relevant NOELSs for the critical effects.

Several screening assays are being validated. In vitro tests include, for example: the
activation of oestrogen and androgen receptors for binding/transcriptional activity;
and assays for steroidogenesis. However, few or no reliable assays are yet available
for such important actions as interference with thyroid function or with
hypothalamic-pituitary axis (Bremer et al., 2005). In vivo short-term assays have
received much interest, since they appear to mimic the complexity of the endocrine
system in a more reliable way. The uterotrophic assay and Hershberger assay are
developed to identify interference with estrogen- or androgen-related pathways
respectively. Both are based on weight changes of reproductive tissues, as well as
relying on existing knowledge of endocrinology (Gelbke et al., 2004). The
peripubertal assays are more complex tests and include thyroid assessment. In
addition to screening for relevant endocrine actions, they may serve as specific tests
for toxicity in juvenile stages (Kim et al., 2002).

3.  Recommendations for further research in developmental toxicology

Based on the above considerations, the available toxicological assays can be
considered as reliable tools to identify several kinds of developmental hazards.
Nevertheless, some major issues for research in developmental toxicology are also
apparent, such as:



32 A. MANTOVANI AND F. MARANGHI

e the implementation of integrated in vitro batteries, making full use of
metabolic activation systems as well as of the new tools provided by
molecular biology;

e in vitro models as well as in vivo models, to evaluate effects on the fetal
phase of the development, with special attention to systems showing a
complex and prolonged maturation period, such as the nervous system;

o the assessment of long term effects of exposures during early life, such as
disruption of immune development and early predisposition to cancer.

These may be considered as likely “hot topics” for a next wave of research projects
on chemical safety.

Besides a major role in reducing the chance for deleterious chemicals to enter our
lives, toxicological assays may also support the understanding of complex,
multifactorial events leading to birth defects or endocrine disruption. The use of up-
to-date approaches, such as transgenic animal animals or transcriptomics may,
indeed, be useful in dissecting mechanisms of gene-nutrient-chemical interactions
(e.g. Spiegelstein et al., 2005). Such information may also characterize possible
markers of enhanced susceptibility as well as pinpoint potentially protective factors
towards environmental chemicals. As the European Environment and Health
Strategy points out (e.g. Kotzias, 2005), improved knowledge on toxicological
effects and mechanisms is key to supporting the scientific basis of public health
strategies.
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Summary

This paper provides a review of defects reported in vertebrate wildlife, particularly
including those present or already programmed at birth, which are known or
suspected to be associated with pollutants. Species from each of the main classes of
animals in the vertebrate sub-phylum (including bony fish, amphibians, reptiles,
birds, and mammals) are now known to have been affected by endocrine disrupting
chemicals (EDCs) in the environment.

The similarities in the endocrine system of all vertebrate animals are such that given
the presence of EDCs in the environment, effects are likely to be occurring in more
species than those currently reported. Section 1 outlines the animal — human
connection, and highlights that Homo sapiens is also vulnerable.

Section 2 summarises the effects reported in wildlife. These particularly include:
genital deformities; altered thyroid function; and suppressed immune system.
Section 3 outlines how these pollutant-related effects have also been noted in
humans. Birth defects, such as intersex features and male reproductive tract
anomalies, and congenital effects on brain function and immune system function
should be of major concern.

Furthermore, concern for the long-term health of wildlife populations and humans is
enhanced because several laboratory studies have suggested that disorders such as
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deficits in sperm production, can be passed on to unexposed subsequent generations.
This highlights the need for a far more precautionary regulatory approach to
controlling chemical exposures, and the need for more research to understand the
long-term implications for life on earth.

1. Introduction: The animal — human connection and epigenetic
reprogramming

This paper reviews some congenital defects in vertebrate wildlife, which are
suggested to result from exposure to chemicals in the environment. Many of the
effects seen in wildlife will be relevant for humans, because anatomically and
physiologically homologous endocrine tissues exist in all vertebrates. Moreover, all
vertebrates have similar adrenal and sex steroid hormone receptors. Therefore,
observations in vertebrate wildlife, including fish, may serve to highlight pollution
issues of concern for humans. Mammalian wildlife, in particular, can serve as
sentinels for humans, because although the timing of certain developmental events
may vary, the basic mechanisms underlying development are the same in all
mammals.

The animal / human connection has long been accepted in chemicals regulation,
where effects seen in laboratory rodents form the foundation of human risk
assessment. Effects seen in wildlife should also therefore inform clinicians and those
concerned with human health policy about the possible role of environmental
chemicals — and vice versa. Associations between adverse effects and exposure to
some of the older organochlorine contaminants have been clearly noted; although it
may well be that other pollutants also play a part. Nevertheless, it needs to be
recognised that not all abnormalities will be the result of exposure to man-made
chemicals. Therefore, an investigative approach is needed.

Over recent decades, humans will have been increasingly exposed to a diversity of
chemicals through the use of ‘consumer articles’. Exposure occurs via the dermal
route, via inhalation (particularly of indoor air), and via the diet, with the latter
including not only man-made chemicals accumulated in the food-chain, but also
chemicals introduced during factory processing of food, chemicals that leach from
food packaging, and chemicals in drinking water, including those introduced by the
disinfection process. Persistent chemicals may eventually end up in water-bodies
and oceans, where elevated levels of bioaccumulating compounds are found in
wildlife at the top of the food chain.
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Most of the data on the adverse effects of chemicals on wildlife comes from polluted
areas that have been the subject of in-depth studies. These particularly include the
Great Lakes, the Baltic, and the Arctic. By the early 1990s, at least 14 species of fish
and fish-eating wildlife in the Great Lakes basin had been reported with
reproductive problems, population declines or other adverse health effects attributed
to chemical contaminants (Gilman ez al, 1991). These species included snapping
turtle (Chelydra serpentine), cormorant (Phalacrocorax auritus) black crowned
night heron (Nycticorax nycticorax), bald eagle (Haliaeetus leucocephalus), osprey
(Pandion haliaetus), herring gull (Larus argentatus), ring backed gull (Larus
delawarensis), Caspian tern (Hydroprogne caspia), common tern (Sterna hirundo),
Forster’s tern (Sterna forsteri), wild mink (Mustela vison), otter (Lutra canadensis),
and beluga whales (Delphinapterus leucas) from the Saint Lawrence river which is
fed by water from the Great Lakes, and farmed mink fed Great Lakes fish. Levels of
many persistent organochlorine contaminants have declined since the early 1990s,
but concern is still high, and in 2001, Environment Canada (EC) initiated phase 1
(2001-2005) of the Fish and Wildlife Health Effects and Exposure Study, which was
to explore the wildlife / human connection.

Apart from studies in highly polluted areas, most of the other data on wildlife come
from fish, presumably because this vertebrate wildlife species is relatively easy to
catch and is eaten by most people worldwide.

Epidemiological and field studies which seek to identify the chemicals that are
instrumental in causing developmental effects are hampered by the fact that there are
many confounding factors, and pollutants are ubiquitous. Therefore, controlled
laboratory experiments have played a major part in determination of the potential
causal agent(s). Unfortunately, however, laboratory studies are severely hampered
because such a ‘reductionist’ approach cannot embrace the complex multi-causality
and stepwise triggers that may impact on disease in the outside world. For example,
the presence of several pollutants, natural ecosystem stressors, and other factors,
such as ultra violet light exposure (Lyons et al, 2002), may affect the toxic
response.

Furthermore, both humans and wildlife will be exposed to many compounds
concurrently, some of which may act with a similar mechanism of action or via
mechanisms of action that converge. For example, certain phthalates inhibit
testosterone synthesis during fetal life, and dioxins alter androgen dependent tissues,
and also the pesticides vinclozolin, procymidone, linuron and DDT are all androgen
receptor antagonists, which de-rail the process of masculinization (Gray et al.,
2001). Rodents exposed experimentally to such anti-androgenic chemicals show a
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cascade of features including shortened ano-genital distance, nipple retention, and
testes-related effects (Gray ef al., 1999a).

Laboratory experiments have now clearly shown that additive effects can occur due
to exposure to more than one chemical. For example, two phthalates with a similar
mechanism of action can give rise to additive effects (Foster et al, 2000).
Furthermore, toxicants that induce malformations in androgen receptor dependent
tissues can produce additive effects, even when two chemicals are acting via
different mechanisms of action (Gray et al., 2002). Interactive effects, including
additivity or even synergism, also occur with other mechanisms of action. For
example, additivity of effects has been shown in fish exposed to a mixture of
estrogenic chemicals (Brian et al., 2005), and similarly Crofton and colleagues
(2005) have shown that when several thyroid disrupting chemicals are given to
rodents, effects can occur even when each chemical is given at a dose level below
their no-effect concentration. For thyroid disrupting chemicals, both additive and
synergistic effects were reported. Several workers have shown that exposure to
pesticide mixtures can cause greater effects than single exposures. For example,
Moore and Lower (2001) have shown an additive response in male fish due to
exposure to a weak mixture of atrazine and simazine pesticides (0.5ppb each), which
caused reduced milt expression in fish because of altered olfactory function and
reduced reaction to female pheromones. Similarly, Hayes and co-workers have
shown effects in frogs exposed to low levels of several pesticides (Hayes et al.,
2006). In addition, epidemiological data suggest that some PCB and phthalate
metabolites are associated with more than additive effects on sperm motility (Hauser
et al., 2005).

Organisms are most vulnerable to the effects of endocrine disrupting chemicals
during puberty and during early life development in the uterus or in the egg,
particularly when cell fate is determined and differentiation is occurring. Moreover,
there may be a substantial delay before the effects from in-utero or in-ovo exposures
are seen, although as such defects are programmed before birth, they are congenital.
Effects from early life exposures prior to birth or hatching can therefore range from
gross structural defects to subtle, but important, behavioural effects. This review
considers congenital defects in a very wide sense, and embraces those present but
not yet evident at birth. Therefore, this paper includes both chemically-induced overt
structural abnormalities, and some programmed altered functional effects which
manifest during development, both of which are important in species population
viability.
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Effects due to early life exposures may also result in effects on subsequent
generations, as several laboratory studies have suggested transgenerational effects in
both invertebrates and vertebrates. A transgenerational effect is an effect carried
across generations, as a consequence of events that happen during the lifetime of the
previous generation. Such effects have been seen in fish (Gray et al., 1999b), and
also in mammals. For example, in rodents, cancer has been noted in the
granddaughters and grandsons of mice exposed to DES when pregnant (Newbold et
al., 1998; 2000). Similarly, an increased risk of hypospadias has been reported in the
sons of women exposed in utero to DES (Brouwers et al., 2005). Furthermore, in
rats, deficits in sperm production have been shown in several subsequent
generations, after an original exposure to methoxychlor and vinclozolin. It seems
that this is not due to a genetic mutation, but instead due to altered DNA
methylation, which then causes changes in the expression of a gene or genes, in a
process termed epigenetic reprogramming (Anway et al., 2005).

2. Summary of pollutant-related defects reported in wildlife

Many wildlife species are now reported to be affected by pollutants, and similarities
can be seen in the effects recorded. The target sites affected are common to all
vertebrates and particularly include male developmental pathways. It is clear that
structural intersex features, including effects on the male reproductive tract, result
from exposure before birth, and as such are congenital. On the other hand, abnormal
secretion of the egg yolk protein, vitellogenin (VTG), in male fish, birds, and
reptiles, can result from later adult-life exposure to pollutants. Nevertheless, studies
showing such later-life effects are also included in this review, as they confirm the
presence of sex hormone disrupting contaminants in the environment, and highlight
a mechanism by which some of the reported congenital effects may arise. Reduced
reproduction has been included because, although it is not a congenital defect per se,
pollution-related decreased reproduction arises from abnormalities of the
reproductive apparatus, or lack of viability of the offspring, both of which may be
due to congenital defects.

Data also suggest that altered immune systems and altered thyroid function can
result from exposure prior to birth, although in wildlife, effects on these systems
have mostly been looked for in the adult. Many of these studies are also summarised
in the following review, and table 1 outlines the similarities in effects that have been
noted in wildlife and humans.
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In addition, it is clear from studies of rats (Bowers et al., 2004), monkeys (Rice,
2000) and humans (see 3.2), that congenital effects on brain function can result from
in utero exposure to some chemicals found as contaminants. However, research into
such effects in wildlife is limited, and therefore this is not a major focus of this
review. Similarly, the life-long characteristics of the stress response in an individual
can be altered, due to prenatal or antenatal exposure to raised levels of corticosteroid
chemicals, resulting in both endocrine and behavioural consequences (Catalani et
al.,, 2000: O'Regan et al., 2001; Welberg et al.,, 2001). Altered stress response has
indeed been noted in human infants (Stewart et al., 2000; Health Canada, 1997) and
several other species exposed to pollutants (for review see Pottinger, 2003), but this
is also not dealt with in any detail in this review.

In fish, the following effects have been particularly noted: abnormal secretion in
males of vitellogenin (VTG), the precursor to the egg yolk protein, which is
normally only detected in females; altered spermatogenesis; eggs developing in
testes (intersex); intersex genital apparatus; poor reproductive success; thyroid
disruption; and immunosuppression.

In amphibians, abnormal production of VTG by males and intersex features has also
been noted. Furthermore, limb, eye and CNS deformities, which are now occurring
in America and Japan, may also be linked, at least in part, to pollution.

In the reptile class, turtles and alligators have been the subject of numerous studies.
In turtles, the following effects have been noted: abnormal production of VTG by
males; deformities of the reproductive tract (including ovo-testes and shorter
estimated penis length); decreased hatching/reproduction; thyroid disruption; and
altered immune system. In alligators, the effects include: abnormal production of
VTG by males; sex hormone disruption; smaller phallus and testicular abnormalities
in males; reduced clutch size; fertilisation failure; embryo mortality; and thyroid
hormone disruption.

In birds, the effects include: abnormal VTG production in male birds; deformities of
the reproductive tract; embryonic mortality and reduced reproductive success;
deformities of the bill and bones; thyroid disruption; immunosuppression; and egg-
shell thinning.

In mammalian species, the following effects have been noted. In otters and/or mink:
reduced baculum length; smaller testes; impaired reproduction; eye defects (such as
dysplastic changes in retina); and jaw deformities. In seals and/or sea lions: impaired
reproduction (including implantation failure, sterility, abortion, premature pupping)
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and immunosuppression. In cetaceans: impaired reproduction; hermaphrodite
organs; cancer; and immunosuppression. In polar bears: reduced cub survival;
intersex features and deformed genitals; reduced testosterone levels in adult males;
thyroid hormone disruption; and immunosuppression. In black and/or brown bears:
undescended testes and intersex features. In the Florida panther: abnormal sperm
and low sperm density; undescended testes; altered hormone levels; and immune
system deficits. In deer: undescended testes; testicular abnormalities including cells
predictive of testicular cancer, tumours, and calcifications; and antler dysgenesis. In
eland (an antelope): abnormal testes, including impaired spermatogenesis. These
findings are tabulated in table 1 and discussed in more detail in the rest of the
section.

It is clear from table 1 that certain congenital defects, particularly linked to male
reproductive development, appear to be commonssz to most vertebrate wildlife
species. Moreover, as would be expected, these abnormalities have also been noted
in humans. It can be concluded that contaminants appear to be affecting male
reproductive health, thyroid function, and the immune system of many species.

2.1. Fish

Fish may be particularly at risk from pollutants, because their exposure is not only
via the diet, but also via the gills and skin. The physical and chemical characteristics
of many endocrine disrupting chemicals, especially their lack of ionization and
lipophilicity also favour their movement from the water column to biological
tissues.

In addition to the biological processes common to other vertebrates, the processes of
smoltification (in salmonids) may also be susceptible to disruption. The following
examples represent some of the studies that have shown a link between exposure to
endocrine disrupting chemicals and effects in fish from the Osteichthyes class (the
bony fish). It should be noted that vitellogenin (VTG), the precursor of the egg yolk
protein, is normally not detectable in male fish, or is only present at very low levels.
Therefore, detection of elevated levels in male fish is abnormal, and is an excellent
biomarker of exposure to estrogenic endocrine disrupting chemicals (EDCs).
Furthermore, VTG induction is generally accompanied by various degrees of
reproductive interference at similar or lower ambient estrogen concentrations. This
means that it can be a marker for a number of adverse effects (for review see
Matthiessen, 2003).
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Abnormal production of vitellogenin (VTG) in male fish

Vitellogenin production in several male freshwater fish species has now been
reported in many places worldwide including Europe, North America, Australia and
Japan. Similarly, vitellogenin production in male marine fish has also now been
reported in many species and many countries worldwide, including: cod from the
North Sea (Scott et al., 2006) and UK estuaries (Kirby et al.,, 2004); flounder from
Denmark (Platichthys flesus); sole (Pleuronectes yokohamae) from Japan; sole from
Puget Sound, USA; grey mullet (Mugil cephalus) from Japan; flounder from a
Dutch harbour; a Dutch offshore spawning ground (for review see Matthiessen,
2003); and Mediterranean swordfish (Xiphias gladius) from the Strait of Messina
near Sicily, where VTG induction was seen at very high levels (Fossi et al., 2004).

Studies in UK freshwaters were the first to report the phenomenon of VTG
production in male fish (Purdom et al., 1994; Harries et al., 1996), and similarly UK
studies by Lye et al. (1997; 1998) were the first to report VTG induction and
testicular abnormalities in a marine fish, the flounder (Platichthys flesus). In many
UK fresh waters downstream of sewage treatment works, it seems that a large part
of the estrogenic component is derived from the natural female hormones (estrone
and estradiol-17b) and the contraceptive pill (ethinyl oestradiol) excreted in sewage
(Jobling and Tyler, 2003). However, in some UK rivers, industrial chemicals, such
as nonylphenol, have also been implicated as a causal factor in VTG production
(Thorpe et al., 2001; Lye et al., 1999).

Intersex in fish

The presence of intersex or ovotestis (i.e. primary or secondary oocytes abnormally
present in the testicular tissue) is now a frequently reported phenomenon in fish.
This disrupted gonad development is almost certainly linked to endocrine disruption
caused by exposure to estrogenic compounds. It can be induced experimentally
through exposure at the larval stage, but not by exposure of the adult fish. In some
very estrogenically contaminated UK estuaries (Mersey, Tyne, Clyde and Forth) up
to a fifth of the male flounder and blenny (Zoarces viviparous) in some locations
show ovotestes, whereas ovotestes has not been seen in flounder from a relatively
uncontaminated reference estuary, the Alde (for review see Matthiessen, 2003). In
comparison, intersex has been reported to varying degrees, in (up to 100% of
freshwater roach (R.rutilus. rutilus) in some UK rivers (Jobling and Tyler, 2003),
but it is not known whether this is due to species differences in response, higher
exposures in the freshwater upstream, or the fact that breeding grounds for marine
species are further offshore and therefore probably less contaminated.

Freshwater fish species in which abnormal intersex has been reported include: roach
(R.rutilus. rutilus); bream (Abramis abramis), chub; gudgeon (Gobio gobio); barbell
(Barbus plebejus); perch (Perca fluviatilis); stickleback (Gasterosteus aculeatus),
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Compared to the example of the roach in UK waters, there are numerous examples
of milder cases of intersex in estuaries and coastal locations from elsewhere in
Europe, and Japan. For example, flounder from the Seine estuary in France, flounder
from the southern Baltic in Germany, swordfish from the Mediterranean, and
flounder from Tokyo (for review see Matthiessen, 2003). Evidence of intersex has
also been reported in catfish (Clarias gariepinus) in South Africa (Barnhoorn et al.,
2004). Similarly, numerous cases of intersex have been reported in North America.
For example, lake whitefish (Coregonus clupeaformis) collected in 1996 from the
polluted Sanit Lawrence river in Quebec exhibited neoplasms, lesions, and intersex
(Michaelian et al., 2002). In a polluted area of Lake Ontario in Canada, intersex
gonads were seen in 83% of male white perch (Marone Americana) collected in
1999-2000, which was an increase on the previous year (Kavanagh et al., 2004).

2.1.1.  Deformities of sex-linked structures in fish

There are species differences in the response of fish to exposure to sex hormone
disrupters. For example, sand gobies (Pomatoschistus minutus) from oestrogen-
contaminated estuaries in the UK do not show either induction of vitellogenin or
intersex, but instead male fish exhibit deformed and feminised urogenital papillae,
which is the structure used by both sexes to deposit gametes (Matthiessen et al.,
2002). This phenomenon has been termed morphologically intermediate papilla
syndrome (MIPS), and was found in males from the UK Tees, Mersey and Clyde
estuaries. The causal agent(s) are not known with certainty, but in some UK
estuaries and effluents the substances identified with steroidal activity included the
natural steroids, 17B oestradiol, androsterone, nonylphenol, di-ethylhexylphthalate,
cinnarizine (an anti-histamine drug), and cholesa-4,6-dien-3-one (a natural
cholesterol degradation product) (Allen ef al., 2002).

Structural defects of the reproductive apparatus have also been noted in other fish
species. In Florida USA, mosquitofish (Gambusia holbrooki) from the pesticide-
polluted Lake Apopka were compared with those from less polluted lakes. Male fish
from the polluted Lake Apopka had slightly shorter gonopodia and fewer sperm
cells per milligram testis, when compared with the fish collected from Orange Lake
and Lake Woodruff. The authors concluded that sexual characteristics of relevance
to male reproductive capacity are altered in the Lake Apopka mosquitofish
population, and that anti-androgenic chemicals were a possible cause of the effects
(Toft et al., 2003).

Elsewhere, studies in several areas including the EU, North America, and New
Zealand, (Jobling and Tyler, 2003; Ellis et al, 2003) have documented
masculinization or reduced fecundity in female fish living in rivers below paper mill
outfalls. For example, in the EU, female perch exposed to pulp mill effluent had
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reduced gonad weight and reduced fecundity (Karels et al., 2001). In Florida, female
mosquitofish had masculinized gonopodial and anal fin development and altered
reproductive behaviour. Here, androgenic components in the effluent (Orlando e?
al., 2002), some of which originate from the breakdown of wood products were
considered to be the causal agent (Jobling and Tyler, 2003).

2.1.2.  Poor reproductive success / reduced hatching in fish

In Lake Ontario, contaminants, probably dioxins (measured as 2,3,7,8-tetrachloro-p-
dibenzodioxin (TCDD) equivalents), which are potent EDCs, were considered
responsible for the loss of lake trout (Salvelinus namaycush) in the 1960s (Cook et
al., 2003). Moreover, even after the extinction of this population of lake trout, and
the re-stocking, there was a lack of reproductive success, and reduced fry survival
occurred after 1980 (Cook et al., 2003).

Reduced spawning success or reduced hatching has been noted in several wild
populations of marine fish, including: a DDT contaminated population of white
croaker in California (Genyonemus lineatus); a flatfish species in the Puget Sound
(in the USA); Baltic flounder; Baltic herring (Clupea harengus); and Baltic cod
(Gadus morhua) (for review see Matthiessen, 2003).

2.1.3.  Thyroid disruption in fish

In the Great Lakes, and particularly in Lake Erie, salmon were seen with enlarged
thyroids, and indeed goitres and depressed thyroid hormone levels were induced in
rodents fed with the contaminated fish. Epizootics of thyroid hyperplasia and
hypertrophy (affecting 100% of the population) were reported in the introduced
species of pacific salmon, including pink (Oncorhynchus gorbuscha), coho
(Oncorhynchus kisutch), and Chinook salmon (Oncorhynchus tshawytscha) taken
from every one of the Great Lakes (Leatherland, 1992). Nevertheless, forty years
after first being identified, the precise identity of the causal agent(s) and the
mechanisms of action were still elusive (see review Jobling and Tyler, 2003), but it
is concluded to be related to pollution, rather than naturally occurring iodine
deficiency. In the last few decades, there has been a temporal decline in the severity
of the goitre seen in the Great Lake, presumed to be due to a reduction in the levels
of some organochlorines. However, personal communication with Glen Fox (2005)
confirms that there is still plenty of evidence of thyroid disruption in fish in the
lower Great Lakes.

Thyroid disruption has also been noted in a marine fish species from Piles Creek,
New Jersey. Here, mummichogs (Fundulus hereroclitus) had larger thyroid follicles
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and raised plasma thyroxine and exhibited poor prey capture and predator avoidance
(see review, Matthiessen, 2003).

2.1.4.  Immunosuppression in fish

Numerous studies show that fish living in polluted areas can exhibit compromised
immune system function (Luebke et al., 1997; Zelikoff et al., 2000; Amado ef al.,
2005; Reynaud and Deschaux, 2005; Kollner et al., 2002; Maule et al., 2005).

2.1.5.  Altered osmoregulation in migrating fish

In Canada, nonylphenol ethoxylate surfactant contained in pesticide formulations
has been linked with the decline in catches of Atlantic salmon (Salmo salar) and
blueback herring (Alosa aestivalis). Nonylphenol appears to interfere with
osmoregulation and the major hormonal changes that the fish must make during
migration, when adapting to salt water from fresh water. However, it is not certain
whether or not this is directly caused by endocrine disruption, although nonylphenol
is known to have estrogenic properties, and gonadal steroids are known to exert an
antagonistic action on the process (Fairchild ef al, 1999). Thyroid disruption may
also play a role, as Iwata highlights that thyroid hormones are involved in a whole
sequence of behaviours in migrating salmonids (Colborn, 2002). Similarly,
controlled experiments by other workers on Arctic charr suggest that high doses of
PCBs affect smoltification, with altered thyroid hormone levels noted during
smoltification (Jorgensen ef al., 2004).

2.2 Birds

In birds, estrogen is the differentiating hormone for both gonads, and for behaviour
(Giesy et al., 2003). This is in contrast to sexual differentiation in mammals, where
it is androgen that causes the testes to develop, such that in the absence of androgen,
the female is the default sex. In birds, in the absence of estrogen, both gonads
develop into testes, whereas during normal female development, the left gonad
develops into an ovary while the right gonad regresses (Fry, 1995). Such differences
in early life development may make the response of birds to environmental
endocrine disrupters, rather unique.

For birds to be exposed during the critical period of development, compounds must
be passed from the female bird to her eggs. DDT is obviously readily transferred to
the lipid-rich yolk, but it seems that other contaminants, including large molecules
like deca brominated diphenylether (deca-BDE) can also find their way into eggs
(EU RAR). Fish eating birds, and other birds of prey, will likely be most at risk.
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2.2.1.  Abnormal VTG production in male birds

In 2001, male herring gulls in a polluted area around the Great Lakes were found
with elevated levels of vitellogenin in their blood. As in fish, this egg yolk protein is
normally produced by breeding females (EC, 2003).

2.2.2.  Deformities of the reproductive tract, and ovo-testes in birds

There appear to be few studies of the internal reproductive tract in birds. However,
in 2001, a male herring gull (Larus argentatus), nesting in the lower Great Lakes
(downstream of a polluted arca) was found with a significantly feminized
reproductive tract (EC, 2003).

Szczys and colleagues (2001) noted that off the coast of Massachusetts, the sex ratio
of hatched Roseate Tern (Sterna dougallii) chicks was biased (55%) in favour of
females. Common terns (Sterna hirundo) were subsequently studied as a surrogate,
and in 1993/94, 60-90% of pipping male common tern embryos sampled exhibited
ovarian cortical tissue in their testes (ovotestes). However, the examination of 21
day old common terns collected from Bird Island in 1995, suggested that the
ovotestes may become fully regressed and therefore do not lead to permanent
alterations in gonadal tissue that would be expected to impair reproduction. Indeed,
it is speculated that ovotestes might occur naturally in some common terns at
hatching, although the frequency with which it occurs might be enhanced by
exposure to contaminants (Hart et al., 2003).

2.2.3.  Embryonic mortality and reduced reproductive success in birds

In studies undertaken in 2001, a low reproductive success was reported in gulls
around the Great Lakes, with dead herring gull embryos found in higher numbers in
the polluted areas (EC, 2003). Furthermore, in surveys during 2001-2004, reduced
egg viability was still seen in herring gulls, and although the precise cause of this
was not known, it was not due to infertility (Fox, 2005).

Bald eagles numbers are now recovering slowly in North America. However, those
nesting near the Great Lakes have greater difficulty reproducing than those nesting
further inland, presumably because their food supply remains contaminated.
Furthermore, more than half the bald eagles that do manage to hatch along the
shores of the Great Lakes die young (EC, 2001).

Reduced reproduction has also been noted in birds in the Arctic, and for example,
bald eagles have less offspring on Adak Island, and this was associated with higher
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DDE concentrations. Furthermore, organochlorine levels in many species of
predator birds exceed those associated with effects on reproduction (AMAP, 2004).

2.2.4.  Altered thyroid function in birds.

Adult herring gulls were found with enlarged thyroids (goitre) around the Great
Lakes in 2001, and these gulls produced smaller amounts of hormone (EC, 2003).
Organochlorine chemicals, particularly PCBs were among the chemicals suspected
of causing such hormone disruption (McNabb and Fox, 2003). Recent work in 2001-
2004 show that goitre and thyroid effects still persist in herring gulls in the Great
Lakes area (Fox, 2005).

Similarly, in Bjornoya in the Arctic, high levels of HCB (hexachlorobenzene), p,p’-
DDE, and summed PCBs were associated with reduced plasma thyroxine levels in
male glaucous gulls (Larus hyperboreus) (AMAP, 2004).

2.2.5.  Immunosuppression in birds

Immunosuppression has implications for survival, as it suggests increased
susceptibility to infectious diseases, and reduced ability to grow, compete for food,
and to withstand the rigors of weather and migration. Grassman has reported an
association between exposure to polyhalogenated aryl hydrocarbons and decreased
T cell immunity in the offspring of fish-eating birds (herring gulls and Caspian
terns) at highly contaminated sites in the Great Lakes. Throughout the 1990s,
associations were found between organochlorines and suppressed T cell function
and enhanced antibody production in young Caspian terns (Sterna caspia) from a
location at Lake Huron in the Great Lakes. Moreover, deficits in the functioning of
the immune system were still found in studies of birds from the Great Lakes
undertaken in 2001 (EC, 2003; Grasman and Fox, 2001).

Similarly, many birds in the Arctic have current levels of summed DDT, summed
PCBs, and/or dioxin-like substances which exceed those associated with
immunosuppressive effects (AMAP, 2004). For example, glaucous gulls from
Bjornoya had invasive nematode density which was correlated with p,p-DDT, mirex
and summed PCBs (AMAP, 2004).

To date, there have not been any reports associating measured immune suppression
with an avian disease epidemic. It is, nevertheless, likely that immune suppression in
birds resulting from chronic stresses (such as crowding, poor habitat and food,
climate stress) and/or environmental contaminants causes chronic morbidity and
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mortality associated with multiple pathogens. Over time, this may significantly alter
genetic diversity and species survival (Fairbrother et al., 2004).

2.2.6.  Eggshell thinning in birds

Eggshell thinning is a notorious pollution-related effect on bird reproduction, and is
caused by DDE, the degradation product of DDT (see Giesy ef al., 2003). However,
the precise mechanism of action is still not known. Effects have persisted for many
years, and for example, peregrine falcons (Falco peregrinus, tundrius and anatum
sub-species) breeding in the Canadian Arctic, still have eggs around 10% thinner
than those produced prior to the introduction of DDT (Johnstone et al., 1996;
AMAP, 2004). This is presumably due to the chemical body burden being passed on
to subsequent generations, coupled with the life-time exposure of each generation,
rather than any congenital altered ability to form the eggshell.

Bird populations in the UK have not totally recovered in some areas, possibly due to
many factors, including lack of food or nest disturbance. For example, after the ban
of organochlorines, the numbers of peregrine falcon slowly recovered, and by the
late 1990s had reached pre-crash levels over much of its former range, but in south-
east and east of England the bird was slower to recover, and the range may actually
be contracting again in northern Scotland (RSPB, 2001). In Europe, the peregrine
population is currently stable or increasing over much of Europe, but numbers are
declining in many Mediterranean and eastern European countries, and moreover, the
northern populations in Fennoscandia are still depleted (RSPB, 2001).

2.2.7.  Deformities of the bill and bone in birds

Crossed bill syndrome was part of a syndrome called GLEMEDS (Great Lakes
embryo mortality, oedema and deformity syndrome) which was reported in the
Great Lakes, and which correlated with planar chlorinated hydrocarbons (Gilbertson
et al., 1991). These dioxin-like effects in fish-eating colonial water birds are
believed to be largely due to planar PCBs, except perhaps near dioxin (TCDD) point
sources (Giesy, 2003).

Bill deformities are still found. For example, increasing numbers of beak deformities
have been noted in recent years in the Arctic. In the Barents Sea, black-legged
kittiwakes (Rissa tridactyla) have been seen with crossed bills and clump feet
(AMAP, 2004). Indeed, over 30 species of birds have apparently been seen with
curved beaks up to three times their usual size, and in many cases, this prevented the
birds from eating or preening effectively. Handel of the US Geological Surveys’
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Alaska Science Centre is reported as suggesting that PCBs and dioxins might be
responsible (The Guardian, 2004).

Developmental deformities are still seen in the Bald eagle nestlings from around the
shores of the polluted Great Lakes. These include beak and foot malformations,
fused vertebrae and hip displacements. Exposure to PCBs and other pollutants,
including metals, is confirmed, but the precise cause of these deformities is not
determined (EC, 2001).

In the UK, bone deformities have been reported in herons (Ardea cinerea). Herons
from a North Nottinghamshire heronry were reported dead and deformed during the
survey period of 1996 — 2004. Many of the birds died for no apparent reason, but
broken bones suggested that something was affecting calcium deposition in their
bones. PCB and dioxin levels were higher in deformed nestlings and in nestlings
found dead, compared to those apparently unaffected. However, after analysis of the
2004 data, it was concluded that in 2 sites, the deformities were associated with
higher levels of PCBs, but not dioxins (Thompson et al., 2005).

2.3.  Reptiles

Studies of long-lived species like turtles and alligators can provide a very useful
indicator of the health of wetland ecosystems.

2.3.1.  Effects in alligators

Guillette and others have reported population decline and numerous reproductive
abnormalities in alligators (4/ligator mississippiensis) from Lake Apopka in Florida,
a lake which has been polluted with several organochlorine pesticides, including
dicofol and DDT following a chemical spill in the 1980s (Woodward et al., 1993;
Guillette et al., 1995; Guillette et al., 2000; Guillette and Iguchi, 2003). However,
effects have also been noted in alligators from Florida lakes polluted by diffuse
sources. The following abnormalities in Florida alligators have been linked to
EDCs: sex hormone disruption; smaller phallus; testicular abnormalities; reduced
clutch size; fertilisation failure; embryo mortality; thyroid hormone disruption
(Hewitt et al., 2002); and alterations in thymus and spleen, which would be likely to
affect immune function (Rooney ef al., 2003).

High embryo mortality in alligators and high exposure to organochlorine pesticides
has been found in Florida in Lakes Apopka and Griffin, and Emeralda Marsh, as
compared to less polluted sites at Lakes Woodruff and Orange (Sepulveda, 2004).
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Furthermore, research by Tim Gross and co-workers has also noted that low rates of
hatching were due to fertilization failure as well as early embryonic mortality
(SBRP, 2003).

2.3.2.  Effects on turtles

At a heavily polluted site on the Great Lakes in 2001, around 10% of the adult male
snapping turtles (Chelydra serpentina) were found to be abnormally producing
vitellogenin (VTG), indicating sex hormone disruption (EC, 2003).

Furthermore, studies in snapping turtles from the Great Lakes and the Saint
Lawrence river in Canada have found differences in the physiology of adult turtles
taken from highly contaminated sites, compared to those from less contaminated
sites. At all sites, the precloacal length of male hatchlings was larger than that of
females by an equal amount at any given body size. However, the precloacal length
of both males and females from the polluted site increased with body size at a
slower rate than males and females from the other two sites. These alterations in
secondary sexual characteristics are believed to be initiated early in development,
are linked to contaminant levels, and may result in permanent organizational
changes in morphology (de Solla et al., 2002). Precloacal length is also used as an
estimator of penis length, and in a 2001 study, this was shorter in male adult turtles
from the Detroit River and in juvenile males from two polluted sites, as compared to
cleaner reference sites (EC, 2003).

Decreased hatching success has also been reported in snapping turtles in polluted
sites around the Great Lakes compared to those from reference sites (EC, 2003). At
a particularly polluted site, there were no signs of reproductive activity in the adult
snapping turtles (EC, 2003). There is also a suspicion that deformities in Great
Lakes hatchlings, which are found at higher rates than in cleaner reference locations,
might be linked to chemicals

Turtles living in polluted lakes elsewhere are also affected. For example, in Lake
Apopka in Florida, which is contaminated with several EDCs, many new-born red
belly turtles (Pseudemys nelsoni) have been reported with genital disruption. Here,
abnormal testes, including ovo-testes were found (Guillette ef al., 1995).

In addition, thyroid hormone disruption has also been noted around the Great Lakes.
For example, young turtles with impaired thyroid function were found at all three
polluted sites studied (EC, 2003).
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Immune system impairment has also been reported. For example, snapping turtles
from a polluted site on Lake Erie were found with lower globulin levels in the study
period from 2001, and this is taken as a rough measure of antibody-mediated
immune status (EC, March 2005, draft). Similarly, in North Carolina loggerhead sea
turtles (Caretta caretta), sampled in the summers of 2000 and 2001, modulation of
the immune system was reported, with a suggested association with mirex and
dioxin-like PCBs (Keller et al., 2004).

Green turtle fibropapillomatosis is a threat to the survival of the green turtle
(Chelonia mydas), and environmental contaminants might be involved through
plausible mechanisms such as co-carcinogenesis and contaminant-induced immune
suppression, although this is not yet clear (Herbst and Klein, 1995).

2.4. Amphibians

Many amphibian species worldwide are in decline. Even amphibians in apparently
pristine areas have suffered. In California's snow-capped Sierra Nevada, populations
of frogs and toads, including the yellow-legged frogs (Rana boylii and Roma
muscosa) and the California red-legged frog (Roma aurora) have crashed, with
some researchers suggesting that the high levels of pesticides carried there on the
wind are responsible (Sparling et al., 2001).

Moreover, in frogs, a disorder characterised by an extra or malformed limb(s) has
emerged, with some scientists suggesting that this may be linked to chemicals, UV
exposure, trematode infection, acid rain, viruses, nitrates, or a combination of these
(Ankley et al., 2004; EC, 2004). Some researchers have suggested that chemical
contaminants with the ability to mimic or disrupt retinoids may be implicated
(Gardiner et al., 2003), and eye and CNS deformities, which have been found in
some amphibians, might also be linked to pollutants.

It certainly seems that something in the environment, and particularly a chemical or
chemicals, may be at least partly responsible. For example, researchers in Minnesota
found that tadpoles of the northern leopard frog (Rana pipiens) reared in the
presence of UV and extracts from sites where deformities were common, had higher
deformity rates (Bridges et al., 2004). Other controlled experiments have linked
pesticide exposure with increased trematode infection and increased limb
deformities in wood frogs (Rana sylvatica), with the suggested mechanism being
pesticide-mediated suppressed immune system function (Kiesecker, 2002).
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Altered immune system function has been found in amphibians in the wild, for
example, in frogs from rice fields (Fenoglio et al., 2005) and in toads taken from
organochlorine polluted areas of Bermuda, where the study authors suggested that
environmental pollutants may account for immunosuppression and possible decline
in amphibian populations (Linzey et al, 2003). Hayes et al. (1992) has also
suggested that immunosuppression caused by exposure to pesticides may be an
important factor in population decline, because when atrazine and eight other
pesticides were mixed at relatively low levels (0.1ppb each compound) to replicate a
Nebraska cornfield, over one third died. He concluded that the frogs developed an
array of health problems, including meningitis, because the chemicals suppressed
their immune systems. They also took longer to complete the metamorphosis from
tadpole to frog, which would reduce their chances of survival. Metamorphosis is
common to amphibians and may confer a particular susceptibility to thyroid
hormone disruption.

Intersex features, linked to chemical exposure, have now also been seen in the wild
in both frogs and toads, and these and other effects are outlined below.

Defects of the reproductive system, VTG production, and intersex in amphibians

Hayes and co-workers observed retarded gonadal development (gonadal dysgenesis)
and testicular oogenesis (intersex or hermaphroditism) in leopard frogs (Rana
pipiens) collected from atrazine-contaminated sites across the USA (Hayes et al,
2003). They concluded that atrazine impacts amphibian populations in the wild, and
showed that atrazine exposure in the laboratory (at 0.1 ppb) resulted in intersex
characteristics in leopard frogs. Furthermore, Hayes and colleagues (2003)
hypothesised that atrazine might induce aromatase, which converts testosterone to
estrogen, and thereby could increase the production of endogenous estrogen.
However, one group of researchers using mesocosms have subsequently suggested
that oocytes in the testes of the African clawed frog (Xenopus laevis) may be a
natural phenomenon (Jooste et al., 2005), although many other amphibian experts
have expressed doubts about this finding (Science News, June 9, 2005), and it may
be that other endocrine disrupting chemicals contaminated the water in the
mesocosms. The reports of atrazine’s effects on amphibians has certainly been the
subject of some controversy, and after reviewing Hayes’ and other studies, a report
drafted for the US EPA stated that ‘the available data do not establish a concordance
of information to indicate that atrazine will or will not cause adverse developmental
effects in amphibians’ (Steeger and Tietge, 2003).
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However, Reeder et al. (1998, 2005) have suggested that chemical contaminants,
including atrazine, contributed to the decline of cricket frogs (Acris crepitans) in
Illinois. From studying museum collections, they considered that the proportion of
intersex individuals peaked during the period 1946-1959.

Cane toads (Bufo marinus) in the wild are also exhibiting signs of sex hormone
disruption. Gross and McCoy have studied populations in sugar cane fields in the
Florida Everglades where high levels of triazine herbicides, such as atrazine, are
used. All the cane toads living near the cane fields had female coloration, and about
30% of the male toads found at the contaminated sites were hermaphrodites
(Renner, 2003). Levels of vitellogenin in the male toads resembled those of female
toads, suggesting the role of increased levels of estrogen or an estrogen mimic.

2.5. Mammals

Predator mammals in contaminated areas are at risk, because bioaccumulative
contaminants can build up in the food chain, and even a remote area like the Arctic
is under threat, because persistent organic pollutants are carried to the northern
latitudes on air and ocean currents, in a process termed global re-distillation.
Chemical contamination in many Arctic mammalian predator species is already at
levels above those which cause effects on reproduction and immune system function
in other mammalian species (AMAP, 2004). However, because of the difficulties of
research on large but elusive or remote aquatic mammals, some of the best evidence
of the effects of pollutants on reproduction and the immune system comes from
semi-field studies on seals, minks and otters.

2.5.1.  Feral rodents

A couple of studies on rodents living in areas with high organochlorine
contamination show effects on reproduction and the testes (Damstra et al., 2002).
For example, significantly reduced testes weights have been reported in male white
footed mice (Peromyscus leucopus) inhabiting PCB and cadmium contaminated
land, and in addition, effects on reproduction were also noted, with numbers of
juveniles and sub-adults reduced, compared to an unexposed population (Batty et
al., 1990).

2.5.2.  Otters

Several decades ago, otters (Lutra lutra) completely disappeared in some UK and
European rivers, due to contaminant induced reproductive problems (Mason and
Macdonald, 2004). Monitoring in 1989-1991 suggested that, at least in some areas,
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PCBs were still sufficiently high to exert detrimental effect on some UK otters
(Mason and Macdonald, 1994). However, the pesticide dieldrin has now been
implicated in this decline, and habitat destruction will also, of course, have had a
negative impact (EA, 2003)

Captive bred otters were released in some river catchments in the UK and elsewhere
(Fernandez-Moran et al., 2002), and otters are now breeding again, although in
some UK rivers the population growth is still slow (Mason and Macdonald, 2004).
In other European countries, such as Denmark, the distribution range of the otter is
still much reduced (Pertoldi et al., 2001). Similarly, in southern Sweden, total PCB
concentrations are still high and the indications of population improvement are weak
(Roos et al., 2001). Overall, in the EU, the otter population distribution is still
reduced, and as well as PCBs, rodenticides are also a concern in some areas
(Fournier-Chambrillon et al., 2004). Similarly, the North American river otter
presently occupies a greatly reduced range, and at least 17 states and one Canadian
province have undertaken re-introduction programs (Kimber and Kollias, 2000).

Structural defects of the male reproductive tract have also been reported in male
otters. Otters surveyed in the polluted Lower Columbia river in North America in
the 1990s were reported to have abnormally small reproductive organs, and these
reproductive tract disorders correlated with several environmental contaminants
present in the river (NBS, 1996). Research by Henny and colleagues reported that
the baculums and testicles of young males from the Lower Columbia River were
shorter or smaller than in animals of the same age class from non- polluted areas. In
the Portland Vancouver area, where the highest PCB and organochlorine levels were
recorded, of the four animals collected, one otter even had no testicles. However, it
was suggested that some of the effects on the young male river otters from the
Lower Columbia River may be temporary, resulting from delayed development due
to endocrine dysfunction (NBS, 1996).

Eye defects have also been noted. In a study of 88 otters found dead in south-west
England between 1990 and 2000, some 26 otters had dysplastic changes in their
retina. Moreover, those with dysplastic retina had significantly lower concentrations
of vitamin A and higher concentrations of dieldrin than the otters with normal
retinas (Williams et al., 2004).

There also seem to be some problems in sea otters. For example, the Alaskan sea
otter (Emhyoher lutris kenyoni) population in the Aleutian Islands (USA) has
recently declined, as has the Southern sea otter around California (Enhydra lutris
nereis) (Hanni, 2003). The Californian population of Southern sea otters began a
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pattern of slow decline in 1995, and is listed as a threatened species. Some have
attributed this decline to high adult mortality rates, with infectious disease, including
opportunistic pathogens, being the major cause of death. It was suggested that the
immunological health of this population might be compromised (Schwartz et al.,
2005), because the otters that died of disease had higher levels of butyltin, PCB and
DDT (Nakata ef al., 1998; Kannan et al., 1998). Kannan and colleagues also noted
that the TCDD equivalents of non- and mono-ortho PCBs in both the sea otters from
the California coast and certain prey species were at or above the theoretical
threshold for toxic effects (Kannan et al., 2004).

2.5.3.  Mink

The endangered European mink (Mustela lutreola) has suffered a rapid decline, and
its distribution is still shrinking. In France, the range of the mink shrank by nearly
50% over the last 20 years (Fournier-Chambrillon et al., 2004). Dioxins, PCBs, and
rodenticide exposure via prey (Fournier-Chambrillon et al., 2004), are all a concern,
and it seems that mink are particularly susceptible to dioxins and structurally related
PCBs.

In North America, in the 1970s, commercial mink farms reported reproductive
failure in their mink which were fed fish from the Great Lakes, and it was
subsequently shown that exposure to low levels of PCBs could impair reproduction.
Data from 1982 and 1987 from surveys around the Great Lakes continued to
indicate that wild mink populations were being affected by pollutants, particularly
PCBs (Wren, 1991). Rather alarmingly, recently reported levels of PCBs in mink
from western Lake Erie show increases from 1979 when they were last sampled, and
moreover, many exceed the lowest observable effect level for reproductive impacts
(EC, 2003; Fox, 2005).

The Housatonic River in Connecticut, downstream of an old General Electric
Company plant, is particularly contaminated with PCBs. Mink fed fish from this
river had offspring which had lower birth weights and higher infant mortality rates,
compared to mink fed with Atlantic herring processed in the same way, such that it
can reasonably be predicted that the wild population would likely be suffering
adverse effects (Bursian et al., 2003).

Structural defects have also been noted. In British Columbia in Canada, there was a
significant negative correlation between total PCB concentrations and baculum
length in juvenile mink, caught in the winters of 1994/5 and 1995/6, although a few
individual animals with gross abnormalities of reproductive systems did not show
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high levels of contamination (Harding et al, 1999). In addition, mink from the
Kalamazoo River in the USA, which is affected by a PCB contaminated site, have
been reported with jaw defects. This hyperplasia (excessive growth) of epithelium in
the mandible and maxilla, is known to be caused by PCB 126 and TCDD (Beckett et
al., 2005).

2.5.4.  Seals and sea lions: Reproductive problems, immunosuppression, adrenal
and other effects in seals

In the 1970s, harbour seals (Phoca vitulina) in the polluted Dutch Wadden Sea (part
of the North Sea) declined in number, with low reproduction being blamed on PCBs.
A study showed that female harbour seals fed fish from the polluted Wadden Sea
had half as many pups compared to seals fed fish from the less contaminated
Atlantic (Reijnders, 1986), and this was linked to implantation failure associated
with lower levels of estrogen (Reijnders, 1990). More recently, seals from the Baltic
have also been reported to exhibit a compromised endocrine system, associated with
high PCB and DDE/T levels (see review, Damstra et al., 2002). Some of the
disorders observed in the exposed seals included abortion in early pregnancy,
uterine stenosis and occlusions, and sterility. Moreover, many seals from the Arctic,
including some ringed (Phoca hispida) and northern fur seals (Callorhinus ursinus)
are contaminated with summed PCB levels above the threshold for decreased
reproduction in otter (AMAP, 2004).

In sea lions (Zalophus californianus), stillbirths and premature pupping were
reported in the 1970s, and this was associated with high PCB and DDE levels
(DeLong et al., 1973). On San Miguel Island, some twenty percent of the California
sea lion pups died due to premature birth. The p,p-DDE levels in the premature
parturient cows' blubber were 7.6 times greater than in the full-term animals,
although it seems that infections may also have contributed (Gilmartin ef al., 1976).
Moreover, sea lion populations have also suffered a decline in western Alaska,
although the cause is not known, and it may be related to a decline in their prey
(AMAP, 2004).

Immunosuppression in seals

Contaminant-induced immune suppression is a suggested contributory factor in the
mass mortalities of seals due to infectious agents (Dietz et al., 1989; Hall et al,
1992; Van Loveren, 2000). The recurrence of numerous fatalities in the different
seal populations of the North Sea (during the years 1988, 1989 and 2002), of the
Baikal Lake and Caspian Sea (during the years 2000 and 2001) suggests that
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immune suppression is a factor in population declines and warrants more study
(Bragulla, 2004).

This concern is particularly highlighted by an experiment which showed that female
harbour seals fed fish from the polluted Wadden Sea had impaired natural killer cell
activity and T-lymphocyte function (de Swart et al, 1994), and delayed
hypersensitivity (Ross et al., 1995) compared with seals fed less contaminated fish
from the Atlantic.

In 1999, it was noted that the reproductive problems, which had previously been
most evident, were reduced in seals born after 1980, although there were indications
of immune system effects becoming more prevalent (Bergman, 1999a). In a study of
Baltic seals spanning the 20 year period 1977-1996, Bergman (1999a) reported
increased prevalence of colonic ulcers in young seals. He suggested that the food
consumed by the Baltic seals may contain "new" or increased amounts of hitherto
unidentified toxic factors which affect their immune system.

In the Arctic, PCB levels have been associated with measured deficits in the
immune system of seals, and deficits in the immune function of Steller sea lions
(AMAP, 2004).

Adrenal and other effects in seals

The following effects have also been reported in seals: severe adrenocortical
hyperplasia; osteoporosis; claw malformations; arteriosclerosis; and uterine cell
tumours (Bergman and Olsson, 1985; Bergman, 1999a; 1999b).

The adrenal gland is involved in the regulation of stress, and environmental stress
factors can lead to permanent strain, resulting in structural alterations of the adrenals
that in turn are followed by hormonal imbalances (Bragulla et al., 2004).

2.5.5. Whales and other cetaceans

Reduced reproduction, hermaphroditism and immunosuppression in cetaceans

Beluga whales (Delphinapterus leucas) in the Saint Lawrence estuary and orca
whales (Orcinus orca) in the North Pacific are two very highly polluted wildlife
populations (for review see Fossi and Marsili, 2003; Heiman et al., 2000; Ross et
al., 2000). Neither is reproducing well. They have some of the highest PCB levels
found in wildlife, higher than those associated with reduced reproduction in seals,
although the effects of contaminants on whales is difficult to ascertain with certainty
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(Trites and Barrett-Lennard, 2001). Orcas in the Pacific off British Columbia are
very contaminated and compared to the beluga whales in the Saint Lawrence
estuary, the fish-cating southern resident orcas are twice as contaminated with
PCBs, and the seal-eating transient killer whales are four times as contaminated
(Trites and Barrett-Lennard, 2001). Similarly, research by Wolkers and colleagues
for WWF shows that orcas in the Norwegian Arctic are very highly contaminated
(WWEF, 2005).

In the Arctic, not only killer whales, but also some harbour porpoises (Phocoena
phocoena) from Norway, long-finned pilot whales (Globicephala melas), narwhal
(Monodon monoceros), and some minke whales (Balaenoptera acutorostrata) have
summed PCB levels higher than those associated with decreased otter and mink
reproduction (AMAP, 2004).

The beluga population in the Saint Lawrence estuary has not increased since
hunting was banned in the 1970s. In a report published in 1995 by Douglas, the rate
of pregnancy of beluga whales in the Saint Lawrence river estuary was only 3%
compared with 35% in those from the Canadian Arctic (see Riedel et al., 1997). De
Guise (1995) has suggested that this could be linked with exposure to
organochlorines.

To date, there have been few reports of congenital defect of the reproductive tract in
whales, but few studies investigate internal organs. However, researchers have
reported finding a true hermaphrodite (with 2 testicles and 2 ovaries) amongst the
129 belugas that were examined from the Saint Lawrence estuary in the period
1983-1999 (De Guise, 1995), and a pseudohermaphrodite (Michaelian et al., 2003).
Effects on sex hormones have been linked with pollutants, and for example,
reduction in the testosterone levels in Dall's porpoises of the northwestern North
Pacific has been associated with exposure to PCBs and DDE (Subramanian et al.,
1987).

In addition, many cetaceans are contaminated to such an extent that immune system
effects are also likely, but research is needed to examine whether offspring are
affected. For example, summed PCB levels in some orcas and long-finned pilot
whales from the Arctic exceed the threshold for immunosuppression in harbour seals
(AMAP, 2004), and similarly so do the levels of PCBs and dioxins in the blubber of
some northern right whale dolphin (Lissodelphis borealis) and Pacific white-sided
dolphin (Lagenorhynchus obliquidens) from the northern North Pacific, and dolphin
and porpoise species from the seas around Japan, and the finless porpoise
(Neophocaena phocaenoides) from Hong Kong (Minh et al, 2000). Some
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Mediterranean species are also very contaminated, and here the common dolphin
has almost completely disappeared (Fossi and Marsili, 2003). Contaminant-induced
immunosuppression may also be contributing to disease susceptibility in harbour
porpoises from the Baltic Sea, as thymic atrophy was associated with pollutants
(Beineke et al., 2005). In Florida, decreased lymphocyte proliferation responses in
wild bottlenose dolphins were associated with increased concentrations of
contaminants, particularly PCBs and DDT related chemicals (Lahvis et al., 1995).

When immunosuppression is widespread, outbreaks of infectious diseases may lead
to mass mortality. For example, in the Mediterranean from 1990 to 1991, mass
mortality among striped dolphins (Stenella coeruleoalba) occurred due to dolphin
morbillivirus, and immunosuppression may have played a role (de Swart et al.,
1995b).

A high rate of cancers has been reported in Saint Lawrence belugas (De Guise ef
al., 1994; Martineau et al., 1994). Twenty eight tumours were found in 18 of the 45
animals subject to necropsy, and this was said to make up 37% of the total tumours
(75) reported up until then in cetaceans. Immunosuppression was suspected, and
indeed mice fed with a diet in which the fat content was replaced with blubber of the
Saint Lawrence beluga exhibited immunosuppression (Fournier et al., 2000).

In addition, thyroid abnormalities have been reported in whales, including goitre in
pilot whales from Newfoundland, and adenomatous hyperplasia in beluga whales
from the Saint Lawrence estuary and the Hudson Bay. Other lesions suggestive of
endocrine disruption in the Saint Lawrence estuary belugas included degenerative
changes in the adrenal gland (see Mikaelian et al., 2003).

2.5.6.  Polar bears

Many pollutants, including some PCBs, increased in polar bears in the period
between 1967 and 1994 (Derocher et al., 2003), and both pollutants and global
warming may pose a threat to the long-term survival of this species.

Effects on reproduction in polar bears

The impacts of contaminants on the Svalbard polar bear population are inconclusive
but there are suggestions of contaminant-related population level effects that could
have resulted from reproductive impairment of females, lower survival rates of cubs,
or increased mortality of reproductive females (Derocher et al, 2003). Cubs of
mothers with high levels of contaminants in their fat were found to be more likely to
die during their first year than cubs of mothers with low levels. These cubs may be
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particularly vulnerable since polar bear milk is about 30 percent fats, and
contaminants stored in the mother's fat are transferred to offspring during suckling.
Certainly, the summed PCB levels in some Svalbard polar bears exceeded the levels
known to be correlated with poor reproductive success in seals (AMAP, 2004).

Intersex / hermaphroditism and reduced testosterone in polar bears

In polluted areas, hermaphrodite polar bears may be more common, and that this
condition could be due to excessive maternal androgen excretion caused by a
tumour or endocrine disrupting pollutants (Wiig et al., 1998). In 1996, two yearling
Svalbard polar bears, which were believed to be female, were found with a normal
vaginal opening and a 20 mm penis containing a baculum. Then on subsequent
separate occasions, two other Svalbard bears were found to exhibit female pseudo-
hermaphroditism as they had deformed genitals, manifest as clitoral hypertrophy
(Wiig et al., 1998). However, some of these later reported females may have been
mis-diagnosed as pseudohermaphrodites, because a subsequent female was found
with an enlarged clitoris, with no signs of any histological or structural changes
which would be expected if hormone disruption was involved (Sonne ef al., 2005).

Normal sexual development and later reproductive function are dependent on
testosterone, and organochlorine levels in adults have been linked with perturbation
of testosterone levels. Both the sum of the pesticides (hexachlorocyclohexanes,
hexachlorobenzene, chlordanes, p,p'-DDE) and the sum of the PCBs, were related to
a reduction in plasma testosterone concentration. Researchers have therefore
suggested that the continuous presence of high concentrations of organochlorines in
male polar bears throughout their life could aggravate any reproductive toxicity that
might have occurred during early development in the womb (Oskam et al., 2003).

Thyroid disruption and neurotoxic effects in polar bears

Organochlorine chemicals, such as DDE and hexachlorobenzene, have been shown
to be associated with altered thyroid hormone levels (Skaare et al., 2001). Similarly,
PCB levels have also been shown to affect five thyroid hormone variables in the
female polar bears (total thryoxine (TT4), free thyroxin (F4), free triiodothyronine
(FT3), TT3:FT3, TT4:TT3), whereas only two such variables were affected in males
(FT3, FT4:FT3). This suggests that female polar bears could be more susceptible to
thyroid disruption-related effects of PCBs than males (Braathen et al., 2004). In
Svalbard polar bears, the summed PCB levels also exceed the levels known to cause
neurobehavioral effects in the offspring of monkeys and humans (AMAP, 2004).
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Immune system suppression in polar bears

Associations were found between immunoglobulin G (IgG) levels and the
organochlorine contaminants in the blood plasma of polar bears caught at Svalbard
during 1991-1994. Immunoglobulin was negatively correlated with HCB, and with
summed PCB levels, and with three individual PCB congeners (IUPAC numbers 99,
194, and 206). It was concluded that the significant negative organochlorine
correlation with IgG levels may indicate an immunotoxic effect (Bernhoft et al.,
2000). This has been confirmed, in that high levels of organochlorines (OCs) have
been shown to be associated with decreased ability to produce antibodies, in free-
ranging polar bears. In 1998 and 1999, 26 and 30 polar bears from Svalbard in
Norway, and Churchill in Canada, respectively, were recaptured around 36 days
after immunization with inactivated influenza virus, reovirus, and herpes virus and
tetanus toxoid. Blood was sampled at immunization and at recapture. The
combination of PCBs (sum of 12 PCB congeners), and organochlorine pesticides
(sum of 6), and biological factors accounted for 40-60% of the variation in the
immunological parameters. This demonstrated that high levels of organochlorines
may impair the polar bears’ ability to produce certain antibodies and thus may
produce impaired humoral immunity, which results in reduced resistance to
infections (Lie et al, 2004). A subsequent publication noted that organochlorine
exposure also significantly influences specific lymphocyte proliferation responses
and part of the cell-mediated immunity, which also is associated with impaired
ability to produce antibodies (Lie et al., 2005).

2.5.7.  Black and brown bears

Unlike polar bears, where only pregnant female polar bears hole up in a den, brown
and black bears hibernate in winter. This might make them uniquely sensitive to
thyroid disrupting chemicals, which play an important role in hibernation (Tomasi et
al., 1998).

However, as yet it seems that only effects tentatively suggestive of sex hormone
disruption have been reported. For example, Dunbar and colleagues found retained
testes in 11 (16%) of 71 black bears (Ursus americanus) examined over a 3-year
period in Florida (USA). Four of the 11 bears were older than one year and were
therefore considered to be cryptorchid. The remaining seven bears may have had
delayed testicular descent due to their apparent normal immature development. This
is the first published report of the prevalence of cryptorchidism in black bears, and
therefore it is difficult to draw conclusions (Dunbar ef al., 1996).
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In bears in Alberta in Canada, a couple of decades ago there were some reported
cases of masculinized females, but the cause of this pseudo-hermaphroditism was
not known (Cattet, 1988). Nevertheless, given the frequency of the occurrence,
environmental factors might have played a role. Black (Ursus americanus) and
brown bears (Ursus arctos) are herbivorous, and so it was suggested that excessive
maternal androgens or herbicides or plant derived alkaloids might have been
involved. However, it is speculated here that atmospherically transported industrial
pollutants deposited on foliage could perhaps also have played a role.

2.5.8.  Florida panther

Facemire et al. (1995) reported that many of the small remaining population of
Florida panther (Felis concolor coryi) have one or more of the following: increased
number of abnormal sperm, low sperm density, and undescended testicles. These
effects have been linked to the abnormally similar serum oestradiol levels found in
male and females, suggesting that many males had been de-masculinized and
feminized. Endocrine disrupting pollutants, taken up through the food chain, were
the suggested cause. However, some researchers suggest it may largely be due to the
genetics of the small population (Mansfield and Land, 2002). Other defects noted in
these panthers, which Facemire and others argued were linked to pollutants,
included thyroid dysfunction and adenomatous hyperplasia, altered immune system,
and congenital heart defects. Moreover, both sterile males and an infertile female
were reported (Facemire ef al., 1995).

2.5.9.  Sitka black tail deer

Veeramachaneni and colleagues have reported that many sitka black tail deer
(Odocoileus hemionus Sitkenis) on Kodiak Island, Alaska have undescended
testicles, and antler dysgenesis, which are signs of defective androgen action. These
researchers could not rule out a link with a recessive mutation in a founder animal,
but considered that one or more environmental estrogenic chemicals were more
likely to be the cause. These researchers noted experimental data illustrating that,
while a variety of genetic mutations or chemicals can block normal testicular
descent, not all of them cause germ cell transformation leading to CIS and
development of tumours.

In the low lying Aliluik peninsula, two thirds of the deer examined (61 out of 94)
had both testicle descended, and 70% of these (43) had abnormal antlers. The testes
of some of the deer were subject to examination. Where both testes were
undescended, there were many abnormalities, including no spermatogenesis and
carcinoma in situ (CIS) cells (considered to be precursors of seminoma, a form of
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testicular cancer). Moreover, at least 2 scrotal testes were also found to contain CIS
cells (Veeramachaneni et al, 2005). Effects on reproduction at the level of the
individual must therefore be apparent, as those with neither testicle descended are
azoospermic (without sperm).

2.5.10. White tailed deer

From 1996 to 2000, accident-killed and injured white-tailed deer (Odocoileus
virginianus) in Montana USA were collected and examined for genital
abnormalities. Of the 254 male deer examined, approximately 33% were normal, but
the remaining 67% showed varying degrees of genital developmental anomalies,
specifically mis-positioned and undersized scrota and ectopic testes. The sex ratio
was also skewed towards males, but this might be due to the males venturing out
more onto trafficked roads. The authors discussed the possible role of endocrine
disrupting pesticides, but could not give any firm conclusions as the cause of the
abnormalities (Hoy ef al., 2002).

Earlier research by Marburger also suggested effects in white tailed deer due to
defective androgenic action. He reported findings in 3 white tailed deer, which
included effects like hypospadias (Veeramachaneni et al., 2005).

2.5.11. Mule deer

Mule deer (Odocoileus hemionus) on a former plutonium production site along the
Columbia River at the Hanford Site, Washington (USA) have also been found with
abnormal testes and antlers. Some 27 of 116 adult males examined had unusually
shaped, velvet-covered antlers and abnormally developed testicles (Tiller ef al.,
1997). The severity of the testicular atrophy and apparent lack of other affected
tissues led the researchers to suggest that radiation was unlikely to be responsible.
Other possibilities include phytoestrogens in the diet or endocrine disrupting
chemicals on the soil and vegetation or some genetic abnormality.

2.5.12. Eland

Eland are one of the genera of antelope from the bovidae species. Deformities
reported in eland (Tragelaphus oryx) may represent the first evidence of wildlife
being affected by EDCs in South Africa. Professor Bornman and colleagues
collected testes and body fat from 11 eland. Focal white gritty areas were observed
in the testes of all 11 eland, and spermatogenesis was generally impaired. It was
suggested that the testicular lesions observed in eland could be associated with the
relatively high body burden of nonylphenol, as the vacuolisation of Sertoli cells
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were similar to those observed in rats exposed to nonylphenol (Bornman et al.,
2005). Nonylphenol ethoxylate; which breaks down to nonylphenol, is used as an
ingredient in many pesticides, as well as in leather or textile processing, metal
working, and cleaning operations.

3.  Summary of some effects found in both humans and wildlife

3.1.  Testicular dysgenesis syndrome / Intersex

In humans, Skakkebaek et al. (2001) hypothesised that genital malformations in
baby boys (including undescended testes and hypospadias), low sperm counts, and
testicular cancer might all be symptoms of one underlying entity, testicular
dysgenesis syndrome (TDS), originating from an in-utero event. Moreover, they
considered that the rapid pace of the increase of these reproductive disorders argued
for an environmental cause. Since anti-androgenic pollutants cause similar genital
malformations in rodents, these chemicals are suspected to play a role in such de-
masculinization of the male reproductive health (Gray et al, 1999a; Key et al,
1996). Estrogenically active compounds may also be involved, and in a small study
of babies with ambiguous genitals, higher estrogenic activity was found in the
newborns’ serum (Paris et al., 2006). Baskin et al. (2001) have reviewed studies
suggesting that exposure to dioxins, or to chemicals used in agriculture, or leaking
from hazardous waste sites, may increase the risk of hypospadias, a defect of the
penis.

Certainly, many chemicals have been associated with deficits in sperm, and effects
on reproduction have been noted. For example, some studies suggest that wives of
pesticide workers (Sallmen et al., 2003) or metal or solvent workers (Petrelli et al.,
2001) have a longer time to pregnancy. In addition, banana and pineapple plantation
workers in several countries have been rendered infertile (azoospermic) from
exposure to the pesticide, dibromochloropropane (Slutsky et al., 1999).

However, it will be difficult to identify chemicals causing ‘testicular dysgenesis
syndrome’ effects through epidemiological or field studies, unless there is a
particular pollutant or group of pollutants that are largely responsible. This is
suggested to be the case in South Africa, where some mothers have high p,p’-DDE
levels due to spraying of DDT for malaria control, and a high number of babies with
deformed and intersex genitals have been reported (Bornman et al., 2005). Here, the
authors conclude that the concordant high prevalence of urogenital birth defects and
the DDE concentrations in cord blood in babies born in a DDT-sprayed area should
be regarded as a matter of extreme international concern. In other locations, other
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pollutants may dominate. For example, in the USA, it may be that phthalates are
responsible for a large part of any anti-androgenic activity, as work by Swan
suggests that exposure to several phthalates may actually be impacting androgen
related development in baby boys (Swan et al, 2005). These workers found that
almost all (11 out of 12) of boys with the highest combined exposure to certain
phthalates had a short anogenital distance (AGD) (ie. below the 25™ percentile for
age and weight). Furthermore, 21% of the boys with short AGD had incomplete
testicular descent, compared to 8% of other boys. AGD is a sensitive indicator of
masculinization, and was also significantly correlated with the size (volume) of the
penis. Similarly, work by Main and colleagues in EU countries, shows that perinatal
exposure to phthalates, via breast milk, can alter the normal postnatal surge of
reproductive hormones in newborn boys, which is a suggested sign of testicular
dysgenesis (Main et al., 2006).

If testicular dysgenesis syndrome is occurring in humans due to pollutants, then it
should be found in wildlife in areas with high levels of pollutants, and this indeed
does seem to be the case. This review concludes that symptoms comparable with
testicular dysgenesis syndrome are now widespread in wildlife, and that these are
likely to be caused by contaminants acting as steroid hormone disrupters. Intersex
features have been reported in many species of wild fish, amphibians, reptiles,
mammals, and to lesser extent, in birds.

3.2.  Thyroid disruption

Thyroid hormones are responsible for normal metabolism and for orchestrating
normal brain development, and thyroid disruption has now been seen in many
wildlife species. Given the complexity and the long development time of the human
brain, it might be reasonable to predict that this will be especially vulnerable to toxic
insult.

In the Great Lakes, salmon and birds have been found with enlarged thyroids
(goitre). Moreover, when these salmon were fed to rats, the rats themselves
developed thyroid lesions (Leatherland, 1992), indicating a persistent chemical in
the diet was the causal agent. Similarly, in humans living around the Great Lakes in
Michigan in the late 1980s, Beierwaltes reported high rates of a thyroid disease,
goitre (Fox, 2001).

In many developed nations, in order to assess and, if necessary, provide ecarly
treatment for thyroid hormone disorders, routine thyroid screening of newborns is
undertaken. However, academic studies have found pollutant associated effects on
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thyroid hormones in babies in European countries. For example, in a Dutch mother
and child cohort, which included over 200 mother and child pairs, higher PCDD,
PCDF, and PCB levels in human milk, expressed as toxic equivalents, correlated
significantly with lower plasma levels of maternal total triiodothyronine and total
thyroxine (T4), and with higher plasma-levels of thyroid stimulating hormone (TSH)
in the infants in the 2nd week and 3rd month after birth. Infants exposed to higher
toxic equivalents levels had also lower plasma free thyroxine and total thyroxine
levels in the 2nd week after birth (Koopman-Esseboom, 1994). Similarly in Taiwan,
Wang et al. (2005) found significantly altered thyroid hormone levels associated
with in utero exposure to non-ortho PCBs.

Given the role of thyroid hormones in orchestrating normal brain development, it
should not be surprising that altered thyroid hormones have been accompanied by
effects on brain function and behaviour. In some study populations, including
children living around the Great Lakes and children in EU countries exposed in the
womb to the high end of normal background levels, such effects have indeed been
extensively reported (Jacobson ef al., 1985, 1990; Jacobson and Jacobson, 1993,
1996; Darvill et al., 2000; Stewart et al., 2003; Patandin et al., 1999; Walkowiak et
al., 2001). However, although both effects on brain function and thyroid hormone
have been reported, it is difficult to prove that the effects on brain function are
actually a direct consequence of thyroid disruption and do not result from some
other pollutant-related mechanism of action. Nevertheless, it is clear that these
effects on brain function are a congenital defect resulting from exposure to chemical
contaminants.

In Japan, it seems that between 1981 and 1995 the incidence of defective thyroid
function (cretinism) in children tripled, despite the steady decline in the birth rate
(Seo, 2002). Nagayama (1998) and also Seo, in a personal communication of 2003,
have suggested that dioxin was the causal agent.

However, dioxins and PCBs are not the only chemicals that can affect thyroid
hormones. Some brominated chemicals used as flame retardants, such as the
polybrominated diphenyl ethers (PBDEs) have effects on the thyroid (for review see
EU RARs; Fernie et al, 2005), as do other industrial chemicals and pesticides
(Zoeller, 2005; Brucker-Davis, 1998).

3.3. Immunotoxicity

The immune system can also be adversely affected by developmental exposure to
EDCs, and such changes can last for extended periods (Holladay et al, 1991).
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Immune system function can be altered by stress and the interaction between the
reproductive and immune system is well known. Indeed, the immune system carries
significant sexual dimorphism. Both reduced or hyperactive immune system
function are a concern, the latter being associated with auto-immune diseases, which
are more frequent in women.

Pollutants causing immunotoxicity in humans and wildlife could be a factor in a
whole host of other diseases including infectious diseases and cancer. For example,
dioxin exposure inhibits immunoglobulin secretion and decreases resistance to
bacterial, viral, and parasitic infections in exposed animals (Baccarelli et al., 2002).
The potential for chemical onslaught to reduce the immune systems of wildlife and
humans must also be viewed in the context of the threat of new infectious diseases.

In wildlife, reduced immune system function has been reported in many species and
linked to pollutants. Furthermore, controlled experiments have found immune
system deficits in seals fed on fish from polluted waters (de Swart et al., 1995a), and
as such fish were destined for the table of humans, it is not unreasonable to
speculate that contaminant related immune suppression in humans is likely to be
occurring. Indeed, numerous examples, both relating to accidental and background
exposures, underline that this is indeed the case.

With regard to accidental exposure to high levels, there are several notable
examples. For example, people exposed to dioxin contaminated waste oils, sprayed
for dust control on a dirt road in a caravan park in Missouri in 1971, had altered
immune systems (Damstra et al., 2002). Similarly, immune system deficits were
also observed in Taiwanese residents who consumed rice oil accidentally
contaminated with furans and PCBs, and children born to exposed women had
higher rates of bronchitis. Effects on the immune system may also persist for a long
time. In Italy, nearly 20 years after the accident in Seveso, where people were
exposed to high dioxin levels, plasma immunoglobulin levels were found to be
lower in people with higher TCDD plasma levels (Baccarelli ef al., 2002).

Other chemical exposures are known to be linked to immune suppression. For
example, diethylstilboestrol (DES), which was used as a pharmaceutical, has been
shown to cause immune alterations in humans, via an endocrine disrupting
mechanism (Blair, 1992). The developing immune system is more vulnerable that
that of the adult, and therefore the chemically-related immunotoxic risks to
newborns may be underestimated (Dietert and Piepenbring, 2005). Immune
suppression has been reported in children exposed to DES in the womb, and data
suggest that effects persist (Wingard and Turiel, 1988).
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It is also clear that even ‘normal’ background levels of certain pollutants may cause
effects. For example, in the Dutch cohort studies published by Weisglas-Kuperus
and colleagues in the 1990s, which looked at children who were exposed to normal
background levels of dioxins and PCBs, both pre and postnatal exposure to PCBs
and dioxins was significantly associated with reduced monocyte and granulocyte
counts at 3 months, but not at 18 months. However, other indications of immune
deficiency persisted, such as more recurrent middle ear infection and lower antibody
levels to measles (Weisglas-Kuperus ef al., 2000).

In the Arctic, an area where people tend to have higher pollutant levels, studies also
suggest that prenatal organochlorine exposures are linked with deficits in immune
function, giving rise to increased gastro-intestinal, respiratory and ear infections in
infants (Dewailly et al., 2000; van Oostdam et al., 2005; Dallaire ef al., 2004).

3.4.  Congenital defects of jaw, beak, claw, nails or teeth

Mink (Mustela vison) from the PCB contaminated Kalamazoo River in the USA,
have been found with jaw deformities (Becket et al., 2005). In birds in the Arctic,
foot deformities and increased numbers of congenital beak deformities are evident,
with PCBs and dioxins suggested to be the causal agents (Guardian, 2004). In
addition, in seals, claw deformities have been reported. Perhaps similarly, in babies
in Taiwan, where high level accidental exposure occurred, transplacental exposure
to thermally degraded PCBs resulted in a generalized disorder of ectodermal tissue,
manifest as abnormalities of the skin, nails, and teeth (Rogan et al, 1988). It is
speculated here that ectodermal tissue deformities in these species might originate
from damage to similar tissue in the embryo during differentiation of the cells.

4. Conclusions

There is very good evidence that pollutant-related congenital defects are widespread
in both humans and wildlife. An exhaustive review of all the literature has not been
undertaken, but nevertheless it is clear that some of the most prevalent congenital
effects reported in wildlife, which are associated with pollutants, are related to
genital disruption (GD). Genital disruption includes an array of manifestations, such
as, for example: ovotestes; obvious structural defects of the male reproductive tract
such as cryptorchidism and smaller phallus; and intersex features or ambiguous
genitals. GD is related to in-womb or in-ovo exposures to endocrine disrupting
pollutants. Other overt congenital defects noted in wildlife include beak and jaw
deformities. Pollutant-related thyroid disruption and immunotoxic effects have also
been frequently reported in wildlife.
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The effects noted in wildlife, show similarities across the species, as shown in table
1. Such wildlife effects should raise concerns for contaminant-induced genital
disruption, immune suppression and thyroid disruption in human infants, and indeed
these, and effects on brain function, have all been reported and associated with
pollutants.

The potential for transgenerational effects also heightens the concern, and underlines
the need for a more precautionary approach to regulation. More research is also
needed to fully understand these phenomena. Furthermore, resources are needed to
ensure better monitoring of contaminants and effects in wildlife, in locations
throughout the globe.

Most importantly, current findings merit urgent action to drastically reduce exposure
to chemicals of very high concern, such as endocrine disrupting chemicals, and
persistent and bioaccumulating chemicals. Eliminating exposure, and using safer
alternatives is the best way forward, particularly because of the potential for additive
effects and because there may be no threshold for effects, for some hormonally
active chemicals (Sheahan, 2005). Such action is imperative in order to protect
wildlife populations and also ensure that our own offspring are not ‘doomed from
the womb’.
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Summary

This chapter discusses the principles of study design and related methodological
issues in the epidemiology of congenital anomalies, with specific regard to
environmental factors. We present the major types of experimental and
observational designs used in environmental epidemiology, namely the basic
designs involving the individual as the unit of analysis and the ecological designs,
which involve groups or geographical areas as units of analysis. We also include a
brief discussion on study designs in genetic epidemiology. Examples of how the
various study designs are applied in order to investigate the environmental risk
factors for congenital anomalies are described with comments. We present
methodological issues related to outcome, including methods and the timing for
ascertaining cases with malformations, diagnostic criteria, and problems in grouping
malformations for purposes of analysis. Other methodological issues include
controlling for confounders, inadequate measurement, duration, timing of exposure,
and exposure-response relationships.

1. Introduction

Generally speaking, an environmental risk factor is any non-genetic factor that
modifies (increasing or, occasionally, decreasing) the risk of occurrence of a disease

P. Nicolopoulou-Stamati et al. (eds.), Congenital Diseases and the Environment, 89—130.
© 2007 Springer.
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(Dolk, 2004). Researchers have become very interested in the relationship between
the environment and malformations, bearing in mind that the developing foetus is
more sensitive to all sorts of insults than adults are, and that these insults may result
in a life-long handicap. Congenital anomalies (CAs) include structural defects,
chromosomal and monogenic syndromes, and inborn errors in the metabolism.

Most studies have focused on structural birth defects (such as neural tube defects,
cleft lip and palate, congenital heart disease, dysgenesis of the kidneys, limb
anomalies and conditions such as prematurity) which are easily identifiable.
Researches on functional abnormalities, like attention deficit disorder and mild
mental retardation are rarely carried out, since it is difficult to obtain epidemiologic

measures.

The cause of most CAs is unknown. Nutritional, infectious, and other environmental
factors such as radiation, pharmaceuticals, and toxic chemicals have been
investigated as potential risk factors. Most CAs is likely to result from multiple
factors, such as an interaction between one or more genes and one or more
environmental factors.

What epidemiology does is to look first at the presence or absence of birth defects
and then carry out studies to correlate their occurrence to the presence or absence of
genetic and/or environmental exposures. Identification of risk factors for CAs can be
achieved using experimental or observational ad hoc studies, whereas temporal
surveillance or spatial surveillance may be useful for generating hypotheses.
Temporal surveillance is aimed at identifying significant changes over time, in the
occurrence of CAs. It is conducted through the comparison of the current prevalence
rate with the expected rate (baseline rate). Several international surveillance systems
are currently operating such as surveillance in the world:

* the International Clearinghouse for Birth Defects Surveillance and
Research (ICBDSR) (see www.icbd.org), at worldwide level,

* the “European Surveillance of Congenital anomalies” network
(EUROCAT) in Europe (see www.eurocat.ulster.ac.uk) the National Birth
Defect Prevention Network in the United States (see www.nbdpn.org), and

e the “Estudio Latinoamericano de Colaborativo Malformaciones
Congénitas” ECLAMC, in South America (see eclamc.ioc.fiocruz.br).
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Spatial surveillance is conducted by analysing the spatial distribution of the
prevalence of CAs. When more cases than expected (i.e. a cluster) occur
simultaneously in a certain area, an environmental factor (EF) is sought, in order to
explain the excess of cases. Ad hoc studies are conducted to investigate specific
hypotheses on associations between EFs and CAs which may arise from population
surveillance, local observations (case reports from a hospital, observations made by
the public or the news media), or treating doctors. The studies can be performed by
means of analytical or ecological studies. The analytical studies, by using
information at individual level, test the relationship between the occurrence of a CA,
or a group of CAs, and variables identifying specific risk factors. Ecological studies
use information at aggregate level in conjunction with indicators of environmental
pollution (Mastroiacovo and Rosano, 2001).

CAs are rare events, thus research studies must access cases from large populations.
Defects that occur only a few times in every 10,000 births present obvious
challenges, even for the largest databases. Basic information for investigating the
relationship between EFs and CAs include retrospective interviews on nutrition and
environmental factors affecting either the mother or the father, blood and urine
samples from subjects and parents, and a DNA bank. Most of these factors may play
a role at the time of conception, or even before. Conditions of data collection
regarding environmental factors should be included in the data, and information
should be collected as close to conception as possible, and ideally with a long term
follow-up of children, in order to recognise a CA not detectable in the neonatal
period. The short delay between exposure and outcome must be taken into account
when designing epidemiologic studies for testing relationships between EFs and
CAs. The appropriateness of the study design will depend on the extent of the
consideration actually given to the peculiar characteristics of the CAs.

In the following paragraphs, we will analyse the principal sources of data available;
we then provide an overview of the different types and the characteristics of study
designs, with some examples of investigations conducted. After a discussion of the
gene-environment issue, we will deal with the main problems that can be
encountered in the study of environmental risk factors for CAs.
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2. Sources of data, coding and classification

2.1.  Source of data for congenital anomalies

Registries are the principal source of data on CAs. They can retrieve information
from a closed population limited in size, where all births can be monitored. In this
case, the registries are said to be population-based. In reality, no population is closed
because population movements always occur, but when a population represents a
country, it is more closed than if it represents an area within a country (Kéillén,
1988). Other types of registries operate by sampling the population from a number
of hospitals and they are said to be hospital-based. The above-mentioned ECLAMC
is an example of such a program, which takes samples from hospitals in most
countries of South America. Using hospital-based data makes it possible to cover a
large geographical area but may create selection bias, because high risk mothers
nowadays are referred to certain hospitals for specialist services in case of a prenatal
diagnosis of severe malformation. A hospital-based program may nevertheless be
the only possibility of surveillance, especially in developing countries where
registries are pure research programs and rely heavily on an interested person/team.

CA registries are based on retrospective data collection, and often have a limited
follow-up (rarely over one year after the birth), which hampers the tracking of
functional birth defects or other CAs which are not likely to be diagnosed early in
life. A few registries exist for evaluating this type of event, with long-term follow-
up (e.g. the British Columbia Health Status Registry). They include children
registered for mental retardation or other functional congenital diseases diagnosed
when they are in school or later.

Prospective biomonitoring studies with long follow up are time-consuming and
expensive but have undoubted advantages. Large numbers of mother/infant pairs are
enrolled prospectively, and biological samples as well as epidemiological data are
collected in early pregnancy. Such studies are being conducted in the United States
and Scandinavian countries, but they started recently, and no results have been
published yet, based on these data. With a prospective approach, it is possible to
quantify a number of potentially contributing variables, including environmental
factors, diet, lifestyle, infectious diseases and sociological variables.

Ad hoc studies, such as case-control studies, are used to test specific hypotheses
concerning teratogenic exposures. Data for ad hoc studies can be retrieved from CA
registries, but most information on malformed infants is collected ad hoc to address
new or more elaborate hypotheses.
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2.2, Coding and classification of congenital anomalies

The primary goal of coding is to represent infants with CAs accurately, completely,
and concisely. Coding procedures need to accommodate the expected objectives: for
example, research activities may require different coding procedures from those that
focus on linking infants to services. There are several challenges in coding CAs,
including the need to distinguish infants with multiple defects and syndromes from
those with isolated defects, and the need for strategies for coding suspected defects
for which confirmation is not available. Selection of a coding system is central to the
use of collected data. A modification of the International Classification of Diseases
and Related Health Problems (ICD) is the most used system, but there are other
systems too. The important goal in coding CAs is to be able to retrieve as many
different types as possible, even rare ones. Because of the importance of coding, a
process for evaluating coding quality is beneficial. A validation process may be
adopted, in which a sample of cases is recoded to ensure that defects are being
coded accurately and consistently (Rasmussen and Moore, 2001). In any case, it is
essential to have access, when needed, to written report forms with detailed
descriptions of the malformations, when necessary supplemented with copies of
relevant medical documents such as pictures, X- rays or autopsy reports.

Isolated and associated CAs may have distinct pathogeneses. For example, alcohol
use during pregnancy is a known cause of birth defects, and may lead to a newborn
phenotype called fetal alcohol syndrome, including typical craniofacial anomalies.
Maternal consumption of alcohol is more linked with isolated than associated forms
of facial clefts (Munger et al., 1996). A specific gene-environment interaction may
explain this: the TGFa, TGFB3, and MSX1 genes are suspected of playing a role in
the cause of facial clefts when combined with exposure to alcohol (Romitti et al.,
1999), and the most likely candidate, the MSX1 gene, is associated with isolated
forms of facial clefts (Jezewski et al., 2003). Therefore, classifying CAs as isolated
or associated can be fundamental for identifying EFs as possible causal factors.

CAs are a heterogeneous group of conditions, from the point of view of etiology and
pathogenesis, and it is unlikely that an exposure would affect all types of congenital
defects. It is therefore useless to analyse this outcome as the total rate, and divisions
into categories must be made. A common way is to use organ system subdivisions,
but the group of « limb malformations » for instance is wide-ranging, and a change
in a specific association with one type (e.g. radial ray defect) may be hidden by large
numbers of more common defects. Another problem is that the pathogenesis of
specific defects is often unclear, or completely unknown, and it is therefore not
possible to set up a strict categorization of CAs that mirrors pathogenesis (Kéllén,
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2006). With maternal cocaine use during pregnancy, for example, defects involving
vascular disruption seem to be implicated. However, a biological basis for positing
subgroups of interest is often lacking (Hatch and Duncan, 1993). The decision
should be made ad hoc for each study, bearing in mind that if the subdivision is
carried too far, the number of cases in each subgroup becomes so low that the
analysis is meaningless.

2.3.  Accuracy of diagnosis and ascertainment of congenital anomalies

Accuracy of diagnosis and ascertainment are vital for etiologic studies of CAs.
Overall case ascertainment probably never reaches 100%, and its level depends on
the methods of data collection. Use of multiple sources of information (hospital
discharge records, maternity records, fetal ultrasound screening, laboratory records -
cytogenetic, molecular, pathology-specialised departments and birth certificates) is
always advisable. Under-ascertainment of some anomalies may occur, if sources of
information stop in the early neonatal period, as diagnoses may be made later than
this. Services treating children later than the postneonatal period may be used for
confirmation of diagnosis.

The methodological problems, in case ascertainment and accuracy of information,
belong to three aspects:

1) The nature of the CA: some malformations are easily diagnosed before
birth or in the first week of life, but others will display symptoms later in
life, sometimes even years after birth, while others are likely to induce
early fetal death. Then the quality of ascertainment and the quality of data
will depend on the source of data for each type of malformation;

2) Use of medical records, in the absence of standard examination protocols:
different doctors may have different diagnostic criteria, the autopsy rate
may vary across hospitals, as well as the rate of cytogenetic investigations,
and the quality of ultrasound examinations will influence the rate of
prenatal diagnosis;

3) The characteristics of the health information system are variable and
variations in reporting and coding CAs are significant (Dolk, 1996).
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2.4.  Source of data, coding and assessment of environmental exposures

Methodological issues relevant to studies concerning environmental exposure
pertain to the definition of exposure: what it is, who is exposed (mother, father, or
fetus) and when in the periconceptional period it occurs, the amount (dose)
experienced by a study subject, how it is measured, from where information about it
was obtained.

Environmental exposures are often ascertained at aggregate level. Data may come
from resident information such as population-based registries and environmental
data such as sample databases of water conditions or air quality records. Census data
such as geographic databases may provide accurate locations of population and
information is sometimes available on land use patterns or air pollution distribution.

Information on exposure at individual level can be obtained by direct interview, or
from hospital records. For many exposures, it is difficult to obtain accurate and
unbiased exposure information from study subjects. Therefore, researchers have
become very interested in biological markers, when they are able to provide a
quantitative estimate of exposure levels.

EFs concern many areas, such as illnesses, toxic agents, drugs and chemical
elements. Various coding and classification systems are used, such as the
Anatomical Therapeutic Chemical (ATC) classification for drugs or the ICD for
illnesses and the Globally Harmonized System (GHS) for the classification and
labelling of hazardous chemicals (UN, 2003). The main issue is to identify
teratogenic substances, which then makes it possible classify the EFs in terms of
potential teratogenicity. Certain environmental factors are known as teratogens, such
as specific organic solvents and ionising radiations, but the effects may vary greatly
in severity, according to the dose level and timing of exposure.

Most substances, including drugs to which pregnant women are exposed, can cross
the placenta and enter the tissues of the developing embryo and fetus, with a
consequent risk of teratogenic effects. Fetal exposure will reflect the exposure
pattern of the mother: dietary habits and lifestyle, alcohol consumption, smoking,
medical treatments and occupational exposure. Persistent substances accumulated in
the body of the mother (from previous exposures) may be redistributed, thus leading
to exposure of the fetus. The embryo-fetal exposure to chemical substances depends
on the amount the mother is, and has been (if the substance is accumulated in the
body), exposed to and on the extent to which the substance crosses the placenta. For
example, organic mercury and lead compounds cross the placenta and reach the
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fetus, while cadmium will to some extent be withheld in the placenta. During
embryogenesis, the placental transfer of weak acids is favoured, while during late
gestation, the pH of the fetal compartment changes and favours the transfer of
weakly alkaline substances (Nielsen, 2001).

The reproductive toxicity of substances has been studied using mostly animal
models. In the past, there was a tendency to consider only malformations or embryo-
fetal death as relevant endpoints in teratological studies. Today it is assumed that all
of the four manifestations of developmental toxicity (death, structural abnormalities,
growth alterations and functional deficits) are of concern (OECD, 1989). As a
consequence, the name of the test has been changed to "prenatal developmental
toxicity test" and the exposure period is extended to the day before birth (OECD,
1999). To assess the developmental toxicity of a chemical, it is therefore important
to include information on other developmental effects such as minor anomalies,
variations, fetal death and growth. In addition, malformations of organs developing
after the period of major organogenesis, e.g. the sex organs and the brain, may at
present not be detected in the teratology study. An example is the suspected
endocrine disrupter dibutyl phthalate, where exposure during the period of male
sexual differentiation resulted in major disturbances in the morphological and
functional development of the male reproductive system (Mylchreest ef al., 1999).
Teratological studies are suitable for the demonstration of intra-uterine death after
implantation (resorptions). In studies where animals are treated before implantation,
pre-implantation loss may also be assessed. Fetal weight can be assessed in a
teratological study, but it is important to take into account variations due to different
litter sizes or sex distribution in control vs. exposed groups in the analysis.

In human teratology, investigations conducted in exposed populations are
constrained by the difficulty of identifying exposed individuals accurately (Kline et
al., 1989). Parental exposure to a possible teratogen can be established on at least
two different levels. When the putative exposure of interest is dispersed in the
environment) rather than due to individual activity (e.g. consumption of a particular
substance), documentation at the individual level, through the use of assays
measuring biomarkers, is the first and preferable option. Alternatively, the exposure
can be established at the ecological level. Defining individuals at risk will require
documentation of i) the presence of the suspected teratogen in the ambient
environment and ii) the location of the allegedly exposed individual at the time(s) of
(peak) exposure. With only ecological-level information regarding exposure, there is
a limit to the clarity that can be achieved regarding the biological activity, in a given
individual, of the ambient toxin (Hindin et al., 2005).
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It must be considered that very early miscarriage is another reproductive endpoint
affected by teratogenic substances. The observed drop in the birth rate in many
European countries 7 — 9 months after the Chernobyl disaster presumably relates to
an excess of miscarriages induced by that event — obscuring the underlying
teratogenic impact (Hoffmann, 2001).

3. Study designs

Study design refers to the methodology that is used to investigate exposure-disease
relationships. As shown in figure 1, there are three general design strategies for
conducting population research using information at individual level (Morgenstern
and Thomas, 1993):

a) experiments in which the investigators randomly assign (randomise)
subjects to two or more treatment (exposure) groups,

b) quasi-experiments in which the investigators make the assignments to
treatment groups non-randomly, and

¢) observational studies in which the investigators simply observe exposure
(treatment) status in subjects without assignment (Kleinbaum et al., 1982).

Case reports may also give clues for detecting risk factors. Each approach has
its strengths and limitations, which are discussed in the following paragraphs.

Experimental Observational
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Figure 1. Study designs
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In the experimental design, there are usually two exposure groups. One group is
assigned to receive the new experimental intervention and the other (control) group
is assigned to receive no intervention, placebo, or other available intervention.
Experiments can be conducted on affected subjects (clinical trial) or on subjects who
have not got diseases (field trial). Because experiments are best suited ethically and
practically to the study of health benefits, not hazards, experiments in environmental
epidemiology would usually be limited to the study of preventive interventions
(field trial). As an example, we can consider the study of MRC (MRC Vitamin
Study Research Group, 1991) carried out to determine whether supplementation
with folic acid or a mixture of seven other vitamins (A, D, B1, B2, B6, C and
nicotinamide) around the time of conception could prevent neural tube defects
(NTD). A total of 1,817 women at high risk of having a pregnancy with a NTD,
because of a previous affected pregnancy, were allocated at random to one of four
groups (folic acid, other vitamins, both, or neither). The results showed a 72%
reduced recurrence risk of NTD with folic acid. This is one of the very few
epidemiological studies on EFs with an individual randomization of the exposure.

A quasi-experiment may be done in a similar way to an experiment by comparing
two or more non-randomised groups, or by comparing one or more groups over
time, before and after the intervention is initiated in at least one group (community
interventions). With the latter approach, the composition of each group may change
over time so that the subjects observed before the intervention are not the same
subjects observed after the intervention. As an example, to verify whether the
decreasing neural tube defects birth prevalence rates in Chile were due to folic acid
fortification, introduced in 2000, or to pre-existing decreasing trends, birth
prevalence rates of spina bifida were calculated for pre-fortification and fortification
periods (before 2000 vs. 2001-2002). A 51% decrease in the birth prevalence rates
of this anomaly was observed during the fortified period. Because no historical trend
for prevalence of spina bifida at birth was observed before food fortification with
folic acid, the decrease may be attributable to the intervention (Lopez-Camelo et al.,
2005). Because subjects were not individually randomised in this study, it is
possible that pregnant women after intervention differ from those who became
pregnant before the intervention with regard to other risk factors for neural tube
defects, such as other diet characteristics.

Unlike experiments and quasi-experiments, observational studies are used to
estimate the effects of exposures hypothesised to be harmful: fixed attributes (e.g.
race and genotype), or behaviours/exposures over which the investigator has little or
no control (e.g. body mass index, chronic or acute diseases), and other exposures for
which manipulation or randomization would be unethical or infeasible.
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Observational studies are mainly conducted with secondary or retrospective data
and/or without following-up the subjects.

The formal testing of hypotheses regarding environmental risk factors for CAs is
usually carried out by conducting observational studies. They provide weaker
empirical evidence than experimental studies because of the potential for large
confounding biases. The investigators describe the health status of a population or
characteristics of a number of patients. A description is usually made with regard to
time and person. As far as timing is concerned, the study population is longitudinal,
involving the detection of incident events during a follow-up period. In the
longitudinal studies, the case collection can be done prospectively (from a certain
date onward) or retrospectively (from a certain date backward). The sampling of
persons may involve the complete selection of the entire population from which
study cases are identified (cohort), or the incomplete sampling of a fraction (<100%)
of the non-cases in the population from which study cases are identified (case-
control) (Greenland and Morgenstern, 1988). When observational studies are
conducted at group level, the appropriate study design is the ecological study, in
which aggregate data on risk factors and disease prevalence from different
population groups is compared, in order to identify associations.

3.1.  Cohort or follow-up study

A cohort or follow-up study is prospective (or retrospective), analytical,
observational, based on data and usually primary, from a follow-up period of a
group in which some subjects have been, are, or will be, exposed to the element
under investigation, to determine the association between that exposure (e.g.
chemical exposure or nutritional status), and an outcome. The question is whether a
greater proportion of pregnancies with a certain risk factor/exposure have a
diagnosed birth defect than without that risk factor/exposure.

For example, the use of depleted uranium in recent military conflicts was suspected
of being a risk factor for CAs (Arfsten ef al., 2001). A large-scale cohort study of
reproductive outcome is the appropriate study design to investigate such a factor.
After the first Gulf war, a cohort study was conducted in the UK to assess whether
the offspring of UK veterans of the first Gulf war were at increased risk of fetal
death or congenital malformation. The cohort consisted of all UK armed forces
personnel deployed to the Gulf area at any time between August 1990 and June
1991. The comparison cohort comprised demographically similar Armed Service
personnel, who were in service on 1st January 1991 and were appropriately fit, but
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were not deployed to the Gulf. The similarity between cohorts is an important
aspect. Considering that the main focus of the investigation is the exposure effect, in
cohort studies the groups to be compared should be as similar as possible, with the
only substantial differences coming from the exposure under investigation. The
study revealed evidence for an increased risk among veterans’ offspring of
malformations of the genital system, urinary system (renal and urinary tract), and
defects of the digestive system, musculo-skeletal system, and non-chromosomal
(non-syndrome) anomalies (Doyle et al., 2004).

Cohort studies are suitable for analysing the recurrence risk of CAs, that is the
probability of a mother with a previous affected pregnancy having another
malformed infant. The risk of having a similar or a different anomaly is compared
between mothers who, in previous pregnancies, had a malformed infant and a
reference cohort of mothers who have had no observed malformations in previous
pregnancies. The recurrence risk is high for many anomalies, such as cleft lip and
palate, neural tube defects, certain congenital heart defects, hypospadias, talipes
equinovarus and congenital dislocation of the hip (Brent, 2001). Social status at the
time of birth seems to be a stronger predictor of the recurrence of similar anomalies,
which points toward long-lasting environmental exposure related to life-style factors
or occupational exposure (Basso et al., 1999).

Cohort studies are susceptible to bias by differential loss to follow-up, the lack of
control over risk assignment and thus to confounder symmetry. The major practical
limitation of a cohort design is its inefficiency for studying rare outcome events like
CAs. Because exposure status and other covariates must be observed at the start of
follow-up in the entire study population, it is likely that most observed newborns
will not be affected by a CA. Comparing a small number of cases with a large
number of non-cases is statistically and economically inefficient, unless the
attributable risk is high (Morgenstern and Thomas, 1993).

A large cohort of pregnant women with long-term follow-up of the offspring was
put together in Denmark for collecting information about diseases, demography,
social conditions and biological data in order to investigate different outcomes,
including CAs. Only about 35% of eligible women participated in the Danish birth
cohort (Basso and Olsen, 2005). This could cause bias if participants were at a
different level of risk compared to the non-participants. A low participation rate
exposes the cohort study to a high risk of biases and limitations in terms of
generalisability, that is the extent to which the results of a study provide a correct
basis for other circumstances.
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3.2. Case-control studies

Case-control studies are the studies most commonly used to investigate the
relationship between environmental factors and CAs. In this approach, the exposure
rate among cases (infants with a CA) is compared with that among controls (usually
healthy infants). This methodology therefore starts with the identification of cases
and controls and can then study many different maternal exposures. Cases can be
ascertained in different ways.

When a case-control study is conducted using a representative sample of all cases in
a precisely identified population, e.g. by using from a population-based registry of
CAs, and controls are sampled directly from the background population that gave
rise to the cases, the study is said to be population-based. In this case, it is possible
to estimate rates of the disease in exposed and not exposed subjects and to derive
relative and attributable risks from these estimates. This scenario is rarely realised.
Most of the time, cases and controls are identified from treating hospitals. A
classical example is the large Baltimore-Washington Infant Study 1981-1989
(Ferencz et al., 1997) in which live-born infants with congenital cardiac defects
were identified from different sources in the Baltimore and Washington D.C. areas.

Alternatively, cases and controls are gathered from the hospitals where the cases are
diagnosed. This option offers advantages in the study of CAs: the severe ones are
usually diagnosed at delivery or before birth, when quite accurate information on
clinical aspects as well as environmental exposures can be obtained from the parents
of the index case and the controls. Hospital-based studies are more feasible, but
home-born babies are missed out by this approach. It must also be considered that in
the hospital-based studies the source population does not correspond to the
population of a defined geographical area, but only to the people attending the
hospital.

When controls are not easily or correctly retrievable, a proportional case control
study can be carried out, in which selected controls have diseases different from the
disease under study (e.g. minor malformations) (Kleinbaum et al, 1982). By
definition, therefore, this is not a population-based design, since controls may not be
representative of the base population from which the study cases came.

In many instances, the identification of cases has been made from existing registers
of congenital malformations. Such registers were often started for monitoring
purposes: to rapidly identify a possible new epidemic similar to that caused by
thalidomide - their greatest value has up to now been as a data source for scientific
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studies. In all such instances, the ascertainment of a case is reasonably independent
of exposure.

As an example, the MADRE project (malformation and drug exposure),
implemented by the ICBDSR, collects data from CA registries in different countries
about malformed infants with a positive history of first trimester drug exposure in
the mother. To analyse the association between a specific drug (D-1) and a specific
CA (CA-1), the dataset is analysed in a case-control fashion: cases are defined as
infants presenting a specific CA-1 and control infants are those with other CAs,
different from CA-1. Similarly, exposure is defined as the use by the mother of drug
D-1 during the first trimester of pregnancy: infants exposed to drugs other than the
drug D-1 are considered as unexposed.

One problem with this approach is that the exposure effect could be underestimated,
because of the inclusion among controls of infants with malformations possibly
associated with the drug under study (Robert et al., 1994). On the other hand, using
a dataset containing only affected infants reduces the recall bias, caused by the
higher probability of women who have given birth to malformed children to recall
the drugs they took during pregnancy, compared to women who have given birth to
healthy children (Koren et al, 1998). Some authors argue that exposure
misclassification due to recall bias appears unlikely to produce a sufficient bias to
explain a strong association, unless the exposure is highly prevalent, whilst it is easy
to underestimate a positive association owing to selection bias arising from the use
of malformed controls (Swan et al., 1992; Khoury ef al., 1994a).

Other methods have been suggested for assessing and adjusting for recall bias: one
method is to ask respondents to identify the exposures which they believe are
relevant risk factors for the disease, at the end of the interview. Another method is to
use a validity scale in which the respondents are asked about their prior exposure to
factors which are known not to be associated with the disease. In situations in which
there is insufficient information for identifying factors that have no causal
importance, it was suggested that the construction of the validity scale be based on
exposure information for which it is possible to verify the reports of the individual
respondents independently, for example by using medical records (Raphael, 1987).

Matching is a procedure for selecting a reference series that is identical, or nearly so,
to the index series, with regard to the distribution of one or more potentially
confounding factors. In case-control studies, matching is a popular strategy for
reducing confounding and improving efficiency, even though matching alone cannot
be assumed to control confounding by matching factors (Rothman and Greenland,
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1998). If a factor is previously known to be related to a CA (e.g. maternal age for
Down’s syndrome) the sampling of controls may be set up so that vulnerable
categories (e.g. mothers over 35 years old) are over-represented in the case series.
Controls can be recruited with a probability proportional to the expected frequency
of the selected known factor among cases. This procedure is known as “randomised
recruitment” and imposes a systematic distortion on the otherwise random selection
of controls that can be corrected in a simple way in the analysis (Weinberg and
Wacholder, 1990). Advantages of randomized recruitment include:

1) the distribution of a matching factor in the general population does not need
to be known in advance,

2) controls can be recruited simultaneously with cases,

3) the effect of the matching or first-stage screening factors can be assessed.

Randomized recruitment was developed to reduce costs and improve statistical
efficiency in studies investigating environmental exposure and rare diseases
(Weinberg and Sandler, 1991).

The major advantage of the case-control design is its efficiency for studying rare
diseases. Thus, given a fixed sample size, case-control sampling in a study of a CA
enhances the precision and power for estimating and testing the environmental
exposure effect. In addition, some case-control studies, particularly proportional
morbidity designs, tend to be relatively inexpensive and feasible because they can be
based on readily available data sources.

3.3.  Ecological designs

In ecological studies, aggregate data on risk factors and disease prevalence from
different population groups are compared, in order to identify associations.
Exposure and disease are usually measured in groups, typically persons living in a
geographical area such as a census tract, region, or other administrative area.
Because all data are aggregate at group level, relationships at individual level cannot
be empirically determined but are instead inferred from the group level. Given a
dichotomous exposure, for example, we would not know the numbers of exposed
and unexposed cases in each group. Thus, we cannot estimate the exposure effect
directly by comparing the disease rate for exposed and unexposed populations.

Ecological designs are therefore incomplete, in the sense that they lack certain
information ordinarily contained in the basic designs. In environmental
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epidemiology, an inability or lack of resources for accurately measuring
environmental exposures at an individual level is quite frequent. Thus, the
widespread use of ecological designs in environmental epidemiology reflects a
fundamental problem of exposure measurement. However, ecological studies
represent an inexpensive design option for linking available data sets or record
systems, even when exposures are measured at the individual level. The appeal of
this alternative is that aggregate summaries of many exposures, including socio-
demographic and other census variables, are often available for the same regions
that are used to summarise morbidity and mortality data. The major pitfall of an
ecological study is the ecological fallacy, which arises when a conclusion regarding
associations at the individual level is based on an analysis of group-level data, while
groups of individuals may differ greatly from the larger group.

Bias may also occur when the exposure effect varies across groups. This condition
may result from extraneous risk factors being differentially distributed across groups
or from a mis-specification of the model form used to analyse the data. If every
group were completely exposed or unexposed, there would be no ecological bias
attributable to confounding or effect modification by group. Indeed, if all covariates
were measured at individual level, such a study would no longer be an ecological
design. Thus, to reduce ecological bias, one should select areas that minimise the
within-area exposure variation and maximise the between-area variation (Greenland,
1992). One strategy for achieving these goals is to choose the smallest unit of
analysis for which required data are available (e.g. census tracts or blocks).

The value of ecological studies depends on the nature of the exposure. This design is
most suitable for community exposure (e.g. air, water, soil, food) and has been used
to investigate the association between components of drinking water and occurrence
of neural tube defects (Macdonell et al., 2000) or herbicides in the soil and oral
clefts (Nelson et al, 1979). In order to assess a community’s exposures to
contaminants in the environment, the level or concentration of contaminants in the
environmental media must be measured and evaluated.

There is empirical evidence that different directions and magnitudes of association
exist between ecological and case-control analyses of the same data (Richardson et
al., 1987). Ecological studies are often based on very crude data and, as a result,
tend to have substantial limitations, in addition to any biases caused by the use of
aggregated data or unrecognized confounders, operating at the level of the
geographical unit employed. (Darby et al., 2001).
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However, the possibility of bias does not demonstrate the presence of bias, and a
conflict between ecological and individual-level estimates does not by itself
demonstrate that the ecological estimates are the more biased ones. This is because

(1) the two types of estimates are subject to overlapping but distinct sets of biases,
and it may happen that the individual level estimates are more biased, and

(2) the effects measured by the two types of estimates are overlapping but distinct,
with ecological estimates incorporating a contextual component that is
frequently absent from the individual estimates, due to contextual (population)
restrictions on individual level studies.

Indeed, the contextual component may be viewed as both a key strength and
weakness of ecological studies, for it is often of the greatest substantive importance
even though it is especially vulnerable to confounding (Greenland, 2001).

Under certain assumptions, an aggregate level analysis may provide valid estimates
for the corresponding individual level parameters of interest. For a unifactorial level
exposure-disease relationship, aggregate and individual level estimations of the
slope may be theoretically expected to provide similar results (Cohen, 1990).

Ecological studies may be classified into different design types that differ in several
ways, including methods of subject selection and methods of analysis (Morgenstern,
1982). The most common designs are: 1) exploratory studies, 2) multiple-group
comparison studies, and 3) space-time cluster studies.

3.3.1. Exploratory studies

In exploratory ecological studies, we compare the rate of disease among many
contiguous regions during the same period, or we compare the rate over time in one
region. The purpose is to search for spatial or temporal patterns that might suggest
an environmental etiology or more specific etiologic hypotheses. No exposures are
measured and, generally, no formal data analysis is used. The simplest type of
exploratory study of spatial patterns is a graphical comparison of relative rates
across all regions (i.e. a mapping study), possibly accompanied by a statistical test
for the null hypothesis of no geographic clustering (Ohno et al., 1979). In mapping
studies, however, a simple comparison of estimated rates across regions is often
complicated by two statistical issues. First, regions with smaller numbers of
observed cases show greater variability in the estimated rate; thus, the most extreme
rates tend to be estimated for those regions with the fewest cases. Second, nearby
regions tend to have more similar rates than do distant regions (i.e. positive
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autocorrelation). A statistical method for dealing with both complications involves
Bayes’ empirical estimation of rates using an auto-regressive spatial model (Cressie,
1993).

In exploratory studies of spatial patterns, regions are characterized in terms of
general ecological indicators, such as degree of urbanization (urban versus rural),
degree of industrialization (agricultural versus non-agricultural) and population
density. Such a design is suited for testing the general worry that a polluted
environment may cause birth defects and other adverse perinatal outcomes. The
analysis of these data usually involves comparisons of regions or countries grouped
by one or more ecological indicators. The priority is to obtain an exposure variable,
e.g. along an urban/rural gradient, based on the mother’s residence at the child’s
birth. The problems which are likely to be encountered do not only encompass the
great variability in urbanization, but also problems related to how urbanization is
measured in different countries (ICBDMS, 2003).

An exploratory study of temporal patterns is generally done by comparing disease
rates for a geographically defined population over a long period. One can assess
time trends in birth prevalence of congenital malformations from various sources.
The main sources are the reports based on birth defects registry data. Significant and
real time trends are recognized only for a few malformations in different parts of the
world. Significant trends, which may have some relationship with environmental
factors, have been described for neural tube defects (Rosano et al, 1999),
hypospadias (Toppari et al., 1996) and gastroschisis (Di Tanna et al., 2002).

The decreasing trend in NTDs in all western countries has partly resulted from an
increase in the detection and terminations of NTD-affected pregnancies, but other
changes may explain this decrease, especially improved maternal nutrition (Rankin
et al., 2000). The increasing prevalence at birth of hypospadias has been related to
environmental factors such as environmental oestrogen-like compounds. This was
confirmed in some studies (Paulozzi et al, 1997) and not in others (Aho et al,
2000), and the question remains whether changes in completeness of registration
account for a substantial proportion of the reported increases in the prevalence of
hypospadias. Possible explanations for the increasing trends of gastroschisis in
different parts of the world are: low body mass index during pregnancy (Torfs et al.,
1996), smoking and cocaine use, aspirin use, and living near landfill sites (Elliot ez
al., 2001). However, none of them seem to be sufficiently convincing.
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3.3.2.  Multiple-group comparison study

In the multiple-group comparison study, we observe the association between the
average exposure level and the disease rate among several groups. This means that a
specific environmental factor is identified as a potential causal agent and is
measured in various groups, along with disease rates. Investigations on water
contaminants are often conducted using a multiple group comparison study. In 1981,
in a small area in the Tucson Valley, a groundwater source was found to be
contaminated with trichloroethylene, known as a possible causal factor for
congenital heart defects (Johnson ef al, 1998). Water contamination with
trichloroethylene was investigated by comparing the birth prevalence of congenital
heart disease in three areas (Yuma, Arizona; Sierra Vista, Arizona; and Baltimore,
Washington). The three areas differed for levels of water contaminants, with the
highest levels found in Yuma. There was a significantly higher birth prevalence of
congenital heart disease in Yuma compared with both the Baltimore and Sierra Vista
areas (Mayberry et al., 1990).

Another well known multiple-group comparison study was conducted in Seveso, an
Italian area close to Milan that was the scene of a chemical plant accident in 1976
that spread dioxin and other chemicals over an area with a population of 37,000. A
comparison was made between the frequency and kinds of birth defects in children
born in three Seveso areas (one being the most contaminated, the second less
contaminated, and another one still less contaminated) and those in children born in
the surrounding, uncontaminated area. The data collected failed to demonstrate any
increased risk of birth defects associated with dioxin contamination (Mastroiacovo
etal., 1988).

3.3.3. Space-time cluster study

Space-time clustering refers to the interaction between place and time of disease
occurrence, in the sense that cases that occur closely in space also occur closely in
time. Evidence of space-time clustering may suggest the effects of point-source
exposures. The analytic search for space-time clusters requires special statistical
techniques that may or may not incorporate information on the base population and
covariates (Wallenstein et al., 1989; Roberson, 1990).

Space-time cluster analyses may be used when members of a community perceive a
cluster or excess number of cases of one or more diseases in their area. This activity
is often motivated by the suspicion that the apparent cluster is caused by a specific
environmental exposure, such as chemical waste, pesticides or electromagnetic
fields.
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When an investigation begins, the first step is to verify the diagnoses of all reported
cases and identify any additional cases in the cluster area, which must be defined. In
addition to space-time cluster analyses, the investigators will probably want to
compare the disease rate in the cluster area population with the rate in another
population thought to be unexposed (information usually obtained from birth defects
registries), and they may conduct a population-based case-control study to identify
the risk factors for the disease.

Reports in the media of a “cluster” of congenital anomalies are relatively frequent.
A community may become aware of an aggregation of cases in their area, and seek
the nearest reason such as a waste site or power line. This approach to the problem
has been likened to the “Texan sharpshooter” who draws his gun and fires at the
barn door, and only afterwards goes and draws the target in the middle of the
densest cluster of bullet holes. Since random “clusters” are expected to occur and
there are usually relatively few cases for investigation, some argue that the
likelihood of finding a common causal factor is so low that it may often be better not
to investigate but instead to “clean up the mess” of the suspected contaminant
without demanding causal proof (Rothman, 1990).

Others have tried to derive guidelines for deciding which clusters are worth
investigating, often containing some reference to the number of cases and the
nominal “significance” of the difference between the observed and expected number
of cases, but also increasingly containing some appraisal of the type of concerns
expressed locally (Williams et al., 2002). To respond quickly and with an optimal
use of resources to the management of a cluster response, a detailed protocol should
be available. A series of steps should be taken before a full-scale epidemiological
study is undertaken to investigate the etiology of a potential disease-exposure
relationship (e.g. a case control study or an investigation of similar sites) (Quataert
et al., 1999). Multi-site studies can be a useful line of investigation in response to
local clusters, for example for investigating all communities with municipal
incinerators, rather than just the one where a cluster of congenital anomalies was
observed (Dolk, 1999).

Studies of associations between living in the vicinity of potential point sources of
pollution and CAs have so far been inconclusive. This lack of consistency in the
reported outcomes may be interpreted in several ways. It may imply that any
associations are complex, or weak, and are therefore difficult to detect through
traditional epidemiological studies. It may also be due, at least in part, to the
relatively poor measures of exposure and the limited statistical power of many
previous studies.



EPIDEMIOLOGICAL METHODS 109

3.4. Case reports

Finally, we cite case reports as a potential source of hypotheses. A case report is
simply a description of a patient’s diagnosis and disease progression, often
published in medical literature by physicians who recognize a pattern or something
unusual. Case reports may be useful when unusual defects suddenly show up in a
cluster of children and are recognized by astute parents or clinicians. Investigation
of the use of the thalidomide drug during pregnancy and the resultant severe arm
and leg defects in children exposed prenatally is an example of an instance when
case reports were helpful. Early suspicions of harmful effects were ignored in some
countries, but case reports ultimately led to case-control studies that confirmed the
link, tragically only after a large number of children had been damaged (Lenz, 1961;
McBride, 1961). For a variety of reasons, however, investigations of case reports of
clusters of defects may fail to find a cause, though they may generate hypotheses
that warrant further study.

4. Genetic epidemiology

As previously described, epidemiological investigation is an important tool for
detecting environmental risk factors for CAs. In the past, this research effort
primarily focused on environmental exposures as possible etiologic factors.
However, with the recent advances in molecular genetics and a more thorough
understanding of molecular biology, the area of epidemiological investigation has
widened significantly. Investigators now have an enhanced ability to examine the
contributions of both maternal and fetal genotypes to disease risk. Examination of
the interplay between genetic predispositions/susceptibilities and environmental
exposures is a growing area of study, with potentially major implications with
regard to understanding birth defect etiology. Genetic variants confer increased
susceptibility to a variety of environmental factors (including chemical, infectious,
physical, social, psychological, behavioural, and nutritional factors), thus increasing
the risk of carriers for many diseases including birth defects (Khoury, 2000).

Genetic epidemiology is a term used to refer to ‘‘the study of the role of genetic
factors and their interaction with environmental factors in the occurrence of disease
in human populations’” (Khoury et al., 1993). In the field of CAs, researchers have
focused their attention on the genes involved in folate metabolism (Botto and Yang,
2000) and the genes involved in the detoxification of xenobiotics (Van Rooij ef al.,
2002; Shaw et al., 2003). The rapid identification of genes critical for normal
development also opens up opportunities for exploring the potential role of
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environmental factors in altering the structure and function of these major genes
(Kelada et al., 2003).

4.1.  Study designs in genetic epidemiology

Three basic types of information might shed light on the genetic component of such
interactions:

e a classification of the subjects' genotypes at a major locus for disease
susceptibility,

e some observable host characteristic (phenotype) that is genetically
determined and linked with the genotype that was responsible for
sensitivity, and

e family history as a surrogate for genetic (or shared environmental)
influences (Morgenstern and Thomas, 1993).

The choice of the study design will depend upon which of these is sought.

The most powerful approaches are applicable if information on genotypes is
available. Their feasibility will increase as more and more genes are identified and
assays for them become available. If the genotype is observable, it can be considered
simply as another risk factor and any of the basic design and analysis strategies used
in epidemiology are applicable. Identifying host characteristics that interact with
environmental exposures can be done in essentially the same way. Before trying to
identify a specific gene that is related to sensitivity to environmental exposures, one
should assess whether there is any evidence that such sensitivity has a genetic basis.
This also requires the collection of family data, but unlike the standard analyses
aimed at examining the main effect of genetics, it would also be advisable to
examine interactions between family history and environmental exposures. The two
major design issues to be addressed in such studies are the method of ascertainment
of families and the information to be collected on family members, which is usually
very scarce in epidemiological studies.

Concerns about selecting appropriate control subjects for case-control studies have
led to the development of several non-traditional approaches in the study of genetic
risk factors (Khoury and Flanders, 1996). These approaches involve the use of an
internal control group rather than an external one.
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The case-only design has been promoted as an efficient and valid approach to
screening for gene-environment interaction. With this design, the association
between an exposure and a genotype is only investigated among case subjects. Each
case is coded as positive or negative for a genetic factor and an environmental
factor. The case-only odds ratio is derived from the cross-categorization of the study
sample on genetic factors and environmental exposure status. This innovative design
offers an opportunity to study interaction that is more statistically efficient than the
analogous case-control study and is not subject to the common biases arising from
control selection. However, the validity of the case-only study hinges on one
assumption - that the genetic and environmental factors of interest are independent
of one another. This assumption may seem reasonable for a wide variety of genes
and exposures, but there are some genes whose presence may be associated with a
higher or lower likelihood of the exposure, on the basis of some biological
mechanisms (Khoury and Flanders, 1996).

Family-based association studies such as case-parent triads were originally proposed
to minimise the population stratification bias. Using controls that are family
members of the cases ensures that controls and cases are matched with regard to
genetic ancestry, since both groups come from the same families (Khoury, 1994b)
Family-based sampling also provides an excellent control for a host of important
environmental factors. Among family-based designs, the best known is the case-
parent triad design which uses an ‘index case’ (an offspring affected with the disease
of interest) and his/her parents. The genomic DNA for all triad members must be
available in order to determine their allelic status. For example, the increased risk of
non-syndromic oral clefts is well-known in the children of women who drink
alcohol during the first trimester of pregnancy, and it has been shown that the
mutated allele of the ADH1C enzyme carried by the child seems to have a protective
effect against the risk of oral clefts (Chevrier, 2004). Other family-based designs
compare cases with siblings, cousins, or other family members.

Another innovative approach for analysing gene-environment interaction is
“Mendelian randomization”, which is the random assortment of genes from parents
to offspring that occurs during gamete formation and conception. We have seen that
conventional genetic epidemiology investigates the association between genetic and
phenotype variations within a population, in order to elucidate the genetic basis of
the phenotype or to characterize gene function. In such studies, genetic variation is
assessed by using markers, often single nucleotide polymorphisms, and the
informative markers are those that show sufficient variation within a population and
are of high enough prevalence to allow meaningful comparisons to be made. Yet it
is also possible to exploit the random assignment of genes as a means of reducing
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confounding when examining exposure—disease associations: this is Mendelian
”if
polymorphisms produce phenotypic differences that mirror the biological effects of

modifiable environmental exposures which in turn alter disease risk, then the

randomization in an epidemiological context. The underlying idea is that:

different polymorphisms should themselves be related to disease risk to the extent
predicted by their influence on the phenotype." (Davey Smith and Ebrahim, 2003).

The power of Mendelian randomization lies in its ability to avoid the often
substantial confounding seen in conventional observational epidemiology. However,
confounding can occur in several ways that need to be considered. This approach
cannot be used without a reliable association between genotype and disease: biases
may arise from differences in the distribution of confounders or the inadequate
power of the studies collected for the Mendelian randomisation (Little and Khoury,
2003). The lack of a gene-disease association in an epidemiological study would not
exclude the gene-environment interaction in a subgroup (Khoury et al., 1987). The
potential for polymorphisms to have more than one specific phenotypic effect
(pleiotropy) may induce confounding in the genotype-intermediate phenotype—
disease association. Another problem is developmental compensation. If a person
has developed and grown up in an environment in which one factor is perturbed
because of a particular genetic variant, he/she may be rendered resistant to its
influence through permanent changes in tissue structure and function that
counterbalance its effects (Davey Smith and Ebrahim, 2005). A complete overview
of the uses and limitations of Mendelian randomisation is summarised in table 2.

An illustration of this is that some data showed that the risk for spina bifida
associated with the homozygosity for the MTHFR C677T gene may depend on the
nutritional status of the mother (e.g. intake of vitamins). This would suggest that the
intra-uterine environment may play a substantive role in increasing the risk of NTD,
rather than the genotype of the offspring (Botto and Yang, 2000). By using a
Mendelian randomization approach, it would be possible to provide strong evidence
of the beneficial effect of folic acid supplementation, from the evidence of
epidemiological studies demonstrating the relationship between MTHFR C677T
gene and NTD, even before data became available from controlled clinical trials,
avoiding the biased recall of diet and supplement use (Davey Smith and Ebrahim,
2003). However, the association between NTD and MTHFR gene may be
confounded by the effect of other folate-related genes (e.g. cystathionine-beta-
synthase and methionine synthase reductase) (Botto and Yang, 2000) or by the
“pleiotropic” effect of the MTHFR gene controlling on both homocysteine and
folate availability (Thomas and Conti, 2004), not revealed in the Mendelian
randomization study.
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Table 2. Use and limitations of Mendelian randomisation in observational studies (from

Davey and Ebrahim, British Medical Journal, 2005, 330, p. 1078. Reproduced with
permission from BMJ Publishing Group.)

Uses

Confounding: genetic variants will not generally be liable to confounding by
behavioural, socio-economic, and physiological factors.

Reverse causation: genetic variants will not be influenced by the onset of disease or by
the tendency for individuals with disease to report exposure history differentially.

Selection biases: genetic variants will not generally be influenced by factors
determining how participants are selected for a study, either as a case or as a control.

Attenuation by errors (regression dilution bias): genetic variants will indicate
differences in exposure level across a lifetime and associations will not be attenuated
by random imprecision in measurement of the exposure.

Limitations

Cannot be used without a reliable association between genotype and disease.

Confounding of genotype by linkage disequilibrium between the genetic variant of
interest and another genetic variant that influences the outcome.

Genetic variants with multiple effects may lead to misleading conclusions.

Developmental compensation, which consists in the developmental buffering against
the effect of a polymorphism during fetal development.

Inadequate biological understanding of the functions of genetic variants.

5.

Problems in environmental epidemiology when studying its effects
on reproduction

There are several problems in environmental epidemiology that tend to limit causal

inference and that should therefore influence design decisions. A summary of the

main problems is presented in table 3. In the following paragraphs, we discuss in

detail questions about the living status of cases, the genetic susceptibility, the rarity

of the diseases, the low-level exposures, the identification, quantification and timing

of the exposure and finally the different sources of more common biases.

51

Living status of cases

In the field of birth defects, investigators sometimes restrict the analysis to liveborn

infants, which has long been recognized as a potential source of bias (Khoury et al.,
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1989; Hook and Regal, 1991). In order to compare prevalence rates between
populations, in relation to possible underlying environmental causes, it is necessary
to calculate a “total” or “adjusted” prevalence rate, including stillbirths and
pregnancy terminations. However, the inclusion of terminations, especially if they
occur relatively early in pregnancy and relate to congenital anomalies with a high
spontaneous fetal death rate (like Down’s syndrome), can artificially inflate
prevalence rates compared to those based on populations without terminations, since
they include affected fetuses which would otherwise have been lost as unrecorded
spontaneous abortions.

Table 3. Problematic issues in the investigation of the relationship between congenital
anomalies and environmental factors

Miscarriage and fetal death are reproductive endpoints, hard to ascertain, which may result
from exposure to teratogenic substances.

Not all people are equally susceptible to birth defects. Genetic and nutritional factors may
combine with other environmental factors to increase the risk of the occurrence of a
congenital anomaly.

Studies are often unable to identify and/or estimate accurately exposures that occurred
months or years previously.

The ability of an agent to cause birth defects often depends on when exposure to that agent
occurs. If researchers do not study exposures at that particular point in time, they will
probably miss its ability to cause birth defects.

Most birth defects are rare, making it hard to design studies powerful enough to detect
them reliably.

Interactions between multiple factors (environmental, genetic, health) make it difficult to
pinpoint the contribution of each factor.

It should be also considered that EFs are likely to cause a CA in fetuses which are
spontaneously aborted in the first weeks of pregnancy, and for this reason not
detected. Reported EFs in miscarriages are maternal infections, exposure to
anaesthetic gases, workplace toxicants (such as lead, ethylene glycol, carbon
disulfide, cytostatic drugs, polyurethane, heavy metals, organic solvents,
petrochemicals and mercury) and hyperhomocysteinemia (Garcia-Enguidanosa et
al., 2002).
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5.2.  Genetic susceptibility

Not all people are equally susceptible to birth defects. Genetic and nutritional factors
may combine with other environmental factors to increase the risk of the occurrence
of a CA. This combination of factors makes it difficult to conduct epidemiological
studies in populations where the distribution of risk factors is not identified
accurately. For example, a relationship has been shown between alleles of various
genes and maternal cigarette smoking, with regard to the risk of orofacial clefts.
Positive associations are seen between maternal cigarette smoking and
polymorphisms of the transforming growth factor alpha (TGFa) gene taql (Shaw et
al., 1996), of the endothelial nitric oxide synthase (NOS3) gene (Shaw et al., 2005)
and of the glutathione S-transferases GSTT1 and GSTM1 (Lammer et al., 2005).

5.3 Rare diseases, low-level exposures, and small effects

When studying CAs and environmental hazards, statistical significance is difficult to
obtain because of the infrequent occurrence of cases, because of the low prevalence
or levels of environmental exposures in the general population and because of the
weakness of potential associations. A critical consequence is the substantial loss of
the precision and power with which effects are estimated and tested. In addition, it is
difficult for the investigator to separate the effect of the exposure under
investigation from the distorting effects of confounding factors. Causal inference
can be then seriously compromised.

Sample size is often a problem in studies of CAs and therefore the practice of
broadly grouping CAs is often used. However, this is of dubious biological validity,
as already discussed in paragraph 2.3. Proven teratogenic agents are known to
increase the risk for specific malformations. One would not expect that all types of
malformations would be increased by specific environmental exposures during
pregnancy. The determination of sample size requires consideration of these
biological issues (Shaw and Croen, 1993).

In a situation when there is relatively little variability of exposure in the background
population, we expect an imprecise estimation of the exposure effect. Although such
inefficiency is usually quite apparent in cohort studies, it may not be so apparent in
case-control studies, especially when the investigator does not know the exposure
distribution in the background population. For example, if environmental exposure
levels are high throughout a given area, a comparison of cases and controls would
result in an unstable estimate of effect and low power (Morgenstern and Thomas,
1993).
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Small effects and sample size problems may be resolved by the use of the meta-
analysis technique. Meta-analysis is a quantitative statistical technique combining
the results of individual studies in order to obtain an overall estimate of the effect
size of a given intervention or exposure. Unlike traditional epidemiologic methods,
meta-analysis uses the summary statistics from individual studies as the data points.
A key assumption of this analysis is that each study provides a differing estimate of
the underlying relationship within the population. Meta-analysis permits the
extraction of information that would not otherwise be apparent from the results of
individual studies because of small effects or a lack of statistical power.

However, one should also consider the phenomenon of publication bias, which is the
tendency on the part of investigators, reviewers and editors to submit or accept
manuscripts for publication based on the direction or strength of the study findings.
It is usually easier to get a report based on small numbers published if a risk increase
is indicated. By adding a number of small studies into a meta-analysis, this can
result in an exaggeration of the risk estimate (Kéllén, 2005).

5.4. Identifying, quantifying, and timing exposures

Identifying, quantifying, and timing exposures during fetal development are major
challenges when investigating the role of environmental factors in causing CAs. A
large body of scientific research shows that not only the magnitude of exposure but
also its timing is extremely important determinants of risk, because of the specific
sequencing of developmental events. To detect the exact timing between exposure
and disease, the investigator must either conduct an expensive prospective study or
rely on retrospective measurements of the exposure information.

Exposure may vary substantially across the different stages of pregnancy. The
crucial role of the timing of exposure during pregnancy indicates that any
misclassification may affect studies with a single exposure for the entire pregnancy.
An accurate assessment of exposure requires an examination of the appropriate time
window. For outcomes in which the relevant time window is short or unknown and
the exposure is likely to vary, recording information on a month-by-month basis is
to be preferred, if feasible (Hertz-Picciotto ef al., 1996).

If the timing of potentially harmful exposures is imprecisely known or completely
unknown, a link between birth defects and environmental factors may be missed.
For example, children exposed to the drug thalidomide during the third to sixth
week of gestation often suffered severe limb deformities, while children exposed
later had either no or different health effects. Bias could also arise from the timing
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of the exposure ascertainment. Most epidemiological studies of environmental risk
factors are based on maternal residence at the time of delivery. Such an assessment
would be invalid, however, in instances where the mother had moved prior to
delivery. In fact, it is well understood that the effects of environmental teratogens
occur early in embryogenesis (Khoury et al., 1988), so assessing the influence of
environmental exposures must be related temporally to conception.

5.5. Sources of errors

For assessing the validity of epidemiological studies, one has to consider several
possible sources of errors in the estimation of effect: selection bias, information
bias, confounding and the problem of multiple testing. The various types of bias are
not entirely separate concepts. The amount of confounding, for example, can depend
on how subjects are selected for the study or the analysis. When either disease status
or exposure status influences the selection of subjects to a different extent in the
groups to be compared, a selection bias may occur. The common types of bias in
epidemiological studies are summarised in table 4.

Table 4. Common types of bias in epidemiological studies

Type of bias Typical cause of bias

Selection Can occur when there are differential selection rates of subjects by
disease and/or risk factor characteristics; e.g. bias related to hospital-
based studies.

Detection Can occur when persons with a risk factor are more likely to have a
disease detected because of more intense medical follow-up.

Information Can occur when the nature or quality of measurement or data collection
distorts the effect estimate.

Recall Can occur in retrospective studies when persons with disease tend to
report past events and exposures differently from persons without
disease.

Misclassification Can occur when there is an error in classifying subjects by disease or
risk factor that tends to distort associations between disease and risk
factors.

Confounding Can occur when an association between a risk factor and disease can be
explained by a factor associated with both disease and risk factor.
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Selection bias is due to systematic differences in characteristics between those who
are selected for study and those who are not. The selection bias induces a non-
comparability between exposed and unexposed subjects, even if they were
comparable before the selection. Depending on the pattern of interaction between
the teratogenic factor and the CA in affecting the measure of occurrence, selection
bias may lead to overestimation or underestimation of the true association measure
(relative risks, odds ratio).

The “healthy worker effect” is the most common selection bias in occupational
studies and occurs because relatively healthy individuals are more likely to gain
employment and to remain employed. For examples the studies on the risk of CAs
among the children of US Persian Gulf War veterans failed to find an excess risk in
the deployed veterans, in contrast with the studies on UK veterans (Doyle ef al.,
2004). The US study compared the rates of birth defects in the offspring of veterans
included in two samples, one active duty personnel deployed to the war zone
(exposed group) and the other sample randomly selected among the personnel on
active duty, but not deployed to the war zone (not exposed group). (Cowan et al.,
1997) The CAs were identified solely among veterans remaining on active duty.
Nothing is known about the CAs for either male or female veterans who had
separated from active duty, which is the main source of the suspected selection bias
from unequal follow-up due to the above-mentioned “healthy worker effect” (Haley,
1998).

Voluntary reporting may also produce selection bias, since some physicians may
preferentially report certain types of CAs over others or investigate more attentively
newborns from areas where some environmental exposures have been claimed.

Selection bias may also affect etiologic inferences in case-control studies conducted
in spontaneous abortions. Both teratogens and defects may be associated with an
increased risk of prenatal mortality. Teratogens could lead to reproductive loss,
which may depend on the dose and timing of exposure and abnormal fetuses tend to
be preferentially lost during the intra-uterine lifetime (Warkany, 1978). Unless the
effects of exposure and the presence of abnormality are related in a particular
mathematical way (namely, multiplicative effect), the usual epidemiologic measures
of association determined in case-control studies of CAs are bound to be biased
(Khoury et al., 1989).

Information bias means that the nature or quality of measurement or data collection
distorts the effect estimate. The primary source of information bias is error in
measuring one or more variables. In fact, a major challenge in environmental
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epidemiology is to measure accurately each individual's exposure to hypothesised
risk factors (i.e. the biologically relevant dose) (Hatch and Thomas, 1993). This task
is made very difficult by the lack of information about environmental sources of
emission, the complex pattern of most long-term exposures, the individual's
ignorance of previous opportunities for exposure, the lack of good biological
indicators of exposure level and the lack of sufficient resources for collecting
individual exposure data on large populations. The consequences of exposure
mismeasurement are a probable bias in the estimation of effect and a possible loss of
the precision and power with which effects are estimated and tested (Shy et al.,
1978; Fleiss, 1986).

Information bias resulting from exposure misclassification usually tends to obscure
a true exposure-related risk. For example:

- in environmental studies of proximity to pollution sources, when the
dispersion pattern of relevant exposures is not known and the migration of
residents between organogenesis and birth is not taken into account, or

- in studies of drinking water exposures which allocate exposure according to
the residents’ water source, without information on other sources of
drinking water or the fluctuation of water contamination over time in
relation to the organogenetic period.

Biological markers of individual exposure (such as cotinine or arsenic in urine, or
PCB levels in blood serum) can improve exposure assessment, but costs usually
dictate that they must be used within the framework of a case-control study. Case-
control studies with exposure data or biospecimens collected retrospectively are
particularly vulnerable to poor measurement of exposure, especially if collected long
after the exposure occurs (Chatterjee and Wacholder, 2002).

Confounding refers to a lack of comparability between exposure groups (e.g.
exposed versus unexposed) such that disease risk would be different, even if the
exposure were absent or the same in both populations (Greenland and Morgenstern,
1988). A confounder is then a factor that is associated with the exposure and,
independently of that exposure, is a risk factor for the disease. When studying CAs
and environmental factors, many confounders may bias the detection of the true
relationship between the occurrence of a CA and a potential risk factor. For
example, when studying the potential preventive effect of neural-tube defects
through the periconceptional use of folic acid, some confounding factors must be
accounted for. Women before and during pregnancy may be treated with other drugs
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as well as multivitamins. The proportion of treated women may differ between
women who did or did not take folic acid in the periconceptional period. Given that
the use of other drugs may interfere with the potential preventive effect of folic acid,
medicine use must be considered as a potential confounder and adjusted for the use
of appropriate statistical methods.

Confounding may arise from maternal or paternal exposure. Even though maternal
exposures are more frequently investigated, paternal environmental exposures have
been studied, with sometimes positive associations with CAs, e.g. smoking and
hypospadias (Pierik et al., 2004). Several plausible biological mechanisms could
mediate the effects of paternal environmental exposure: in fact, exposures to
pesticides and solvents around the time of fertilization have been found to play a
role after fertilization, causing male-mediated adverse reproductive outcomes (Davis
et al., 1992). However, teratogenic effects due to paternal exposures are more likely
to be due to secondary exposures of the embryo, examples being passive smoking or
“carry-home” exposures. Remote paternal exposure to chemicals and radiation does
not appear to increase the risk of CAs in future offspring (Friedman, 2003).
Confounding depends on which parent is considered as the unit of analysis.
Different mechanisms and timings of exposure have to be considered: long-term
exposures are more likely to concern the fathers, whereas acute or periconceptional
exposures are more frequently related to the mothers.

Environmental exposures are usually geographically delineated (e.g. background
radiation, air pollution and water quality), and there is a geographical unevenness in
the genetic constitution of the population. It is therefore possible to observe a co-
variation between environmental factors and a malformation because of the
coincidental association between the environment and a gene pool.

When local factors are to be studied, like air pollution conditions, water supply, and
food habits, the co-variation with socio-economic levels may be relevant and
constitute an important confounder. An example of this is the observation that lead
in drinking water correlated with mental retardation in children (Beattic et al.,
1975), but lead in drinking water means old water pipes, old houses, and low social
class.

Some putative confounders are easy to correct for, e.g. year of birth, maternal age,
and parity. Other confounders are often not known and when searched for
retrospectively, the recall bias problem exists as much as for exposures. Ideally,
confounders should also be collected prospectively - which of course means that
they must be known in advance. Some factors are very important for studies of, for
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instance, gestational duration, birth weight, and neurodevelopment. Examples are
maternal smoking, race or ethnicity, use of alcohol or other non-medical substances,
maternal socio-economic level and education, previous pregnancy outcome, and
length of a period of possible infertility. For congenital malformations, the
confounding of such factors is weaker but may exist (Kéllén, 2006).

Finally, it is worthwhile to mention the multiple testing problem. The relationship

between EFs and CAs, as well as gene-environmental interactions, may not be easy
to analyse, due to the large number of variables and measurements involved in the
analysis and their complex structure. Once the data sets related to these studies are
constructed, they often consist of a large number of possible associations that
researchers wish to test from many angles. A major drawback of multiple testing is
the increased probability of getting "false-positive" results, that is to say statistically
significant associations, interactions, etc, that are not real or associations that either
cannot be replicated or cannot be corroborated by other similar studies. Thus, if a
large number of exposures and a large number of different malformations are tested,
an association can only be regarded as a "signal" to be confirmed or rejected by
independent studies. In all studies, irrespective of methodology, which are not made
because of a suspected association between a specific exposure and a specific
outcome, the possibility of random findings due to multiple testing has to be
considered.

6. Conclusions

The epidemiologic methods for investigating the relationship between CAs and EFs
include all the standard study designs such as randomized control trials, cohort,
case-control, ecological studies and community intervention. Challenges specific to
environmental epidemiology have given rise to new designs, such as the two-stage
randomized recruitment.

Epidemiologic studies are most likely to be productive if they are based on clearly
stated hypotheses. These can be developed from the results of descriptive studies.
Basically, these try to demonstrate an association between specific CAs and
exposure to specific environmental agents.

The exposure assessment of EFs is a challenging issue. For many suspected
teratogens, such as those dispersed in the environment, researchers have had to be
satisfied with crude surrogate exposure information, without being able to assess the
dose that reaches either the germ cells of the parents or the developing embryo or
fetus. It has been suggested that potential long-lasting effects of EFs should be
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considered in addition to acute effects. When facing the challenges of the
epidemiologic study of birth defects and environmental exposure to harmful agents,
some authors have contemplated waiting until necessary developments in
epidemiologic methods and advances in other fields have taken place (Bracken,
1997). A more practical and useful approach should now be to ask what type of
studies we need and to implement well designed epidemiologic studies; that is what
is addressed in this chapter.

Several study design and analysis issues need to be considered in evaluating
epidemiological research and for planning projects. Improved methods for exposure
data collection and assessment using questionnaires and biospecimens remain a
major challenge, in order to better assess genetic factors and interaction with
environmental exposures. To-day, epidemiologists need to bring the tools of
molecular genetics into their research, and they cannot proceed without laboratory
scientists. This is bringing the epidemiology back to the laboratory, as happened
when this specialty was only the study of infectious diseases. The present challenge
is to deal with the complexity and diversity of scientific methods that must be
coordinated to do this work.

It is rare that single epidemiological studies give a final answer on hazards
associated with specific exposure. Findings are often inconsistent from one study to
another, but in some instances a consistent pattern emerges, and then provides
arguments for an increased risk of birth defects with exposures to certain kinds of
EFs.

Weak associations may reflect underlying biological mechanisms and could be the
result of a combination of factors such as unmeasured confounding, exposure
misclassification, outcome misclassification, gene-environment interactions and
differential survival rates among cases. These issues can be addressed by using
biological markers of exposure and susceptibility, careful dysmorphological
evaluation of affected infants, subgroup analyses for etiologic heterogeneity,
searches for biologic interactions and the use of prospectively collected data.

An association between EFs and CAs may be considered as real:

- when the association is strong and specific,

- when there is some consistency of findings across studies, and
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- when there is a biological plausibility, based for example on the timing of

exposures, on what is known about the pathogenesis of a CA, and on the

existence of similar results in experimental work (see table 5 for details).

There are relatively few environmental pollution exposures for which strong

conclusions can be drawn, with respect to their potential to cause congenital

anomalies. Transmitting to the society and to the public the interpretation of the

available studies is challenging, as well as making decisions in terms of public

health and clinical practice. A precautionary approach should normally be adopted

at both community and individual level.

Table 5. Criteria for evaluating the causal nature of an association in teratology (Extracted

from Scialli, 1992)

Criteria

Question addressed

Strength of the
association

Consistency of the
association

Specificity of the
association

Appropriate timing

Dose-response

What is the statistical likelihood that the association did not occur by
chance alone?

Is the same association seen in several reports or studies? In different
populations?

How often does the environmental exposure occur without causing
the effect, and how often does the effect occur separately from
environmental exposure?

Does the association make chronological sense? Was the EF taken at
the critical time in development to affect the target organ?

Does the likelihood and magnitude of response increase with dose of

relationship the EF?

Biological Does the association make biological sense? Does the suspected
plausibility agent pass through the placenta?
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Summary

EUROCAT is a European network of population-based registries for the
epidemiologic surveillance of congenital anomalies. EUROCAT started in 1979 and
now covers more than a quarter of all births in the European Union. Currently,
40 registries in 19 countries of Europe survey 1.35 million births per year.

The objectives of EUROCAT are:

- To provide essential epidemiologic information on congenital anomalies in
Europe,

- To facilitate the early warning of teratogenic exposures,

- To evaluate the effectiveness of primary prevention,

- To assess the impact of developments in prenatal screening,

- To act as an information and resource centre for the population, health

professionals and managers regarding clusters or exposures or risk factors
of concern,
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- To provide a ready collaborative network and infrastructure for research
related to the causes and prevention of congenital anomalies and the
treatment and care of affected children,

- To act as a catalyst for the setting up of registries throughout Europe
collecting comparable, standardised data.

EUROCAT approaches the surveillance of environmental impact in the causation of
congenital anomalies in the following 3 main ways:

1) Assessment of trends in congenital anomaly prevalence,
2) Routine detection of and response to clusters,
3) Systematic evaluation of risk related to specified environmental exposures.

Fetal life is an especially sensitive period to environmental exposures and crucial
exposures often occur before the pregnancy is recognised. EUROCAT, covering
more than a quarter of all births in Europe, can play an important role in a European
environmental health surveillance, or envirovigilance, strategy.

1. EUROCAT: What and why?

The surveillance of congenital anomalies serves two main purposes: to facilitate the
identification of teratogenic (malformation-causing) exposures and to assess the
impact of primary prevention and prenatal screening policy and practice at a
population level (Dolk, 2005). EUROCAT, the European network of population-
based registers for the epidemiologic surveillance of congenital anomalies, now
covers 1.35 million births per year, more than a quarter of births in Europe.

The aims of EUROCAT are:

1) To provide essential epidemiologic information on congenital anomalies in
Europe,

2) To facilitate the early warning of teratogenic exposures,
3) To evaluate the effectiveness of primary prevention,

4) To assess the impact of developments in prenatal screening,
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5) To act as an information and resource centre regarding clusters or
exposures or risk factors of concern,

6) To provide a ready collaborative network and infrastructure for research
related to the causes and prevention of congenital anomalies and the
treatment and care of affected children,

7) To act as a catalyst for the setting up of registries throughout Europe
collecting comparable, standardised data.

Funding for network co-ordination currently comes from the FEuropean
Commission’s Directorate General for Health and Safety, under its Public Health
Programme, as a component of the European information system for rare diseases.
EUROCAT is also a WHO Collaborating Centre for the Epidemiologic Surveillance
of Congenital Anomalies.

Table 6. Coverage of the European population by EUROCAT registries

Country Annual Births* No. of % of country
EUROCAT covered
Registries

Belgium 115,500 2 25.5
Croatia 39600 1 13.9
Denmark 64,800 1 7.9
Finland 57,200 1 100.0
France 789,100 4 20.2
Germany 742,500 2 2.8
Hungary 90,900 1 100.0
Ireland 65,600 3 51.2
Italy 528,300 5 36.5
Malta 4,000 1 100.0
Netherlands 195,600 1 104
Norway 55,200 1 100.0
Poland 343,800 1 73.7
Portugal 116,600 1 16.3
Spain 478,500 4 31.1
Sweden 99,000 1 100.0
Switzerland 74,000 1 9.2
UK 721,200 8 31.6

* 2005 World Population Data sheet, Population Reference
Full information available at www.eurocat.ulster.ac.uk/memberreg
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2. The prevalence of congenital anomalies

In most Western populations, two to four percent of babies are diagnosed with one
or more major congenital anomalies, with serious medical, functional or cosmetic
consequences. The exact prevalence found in any survey of births depends on the
rather arbitrary division between “major” and “minor” congenital anomalies and on
definition and ascertainment methods of the survey (Dolk, 2004). Population-based
registries, accessing multiple sources of health information and clinical specialties
and covering diagnoses made prenatally and in at least the first year of life, provide
the most reliable prevalence estimates. Estimates of congenital anomaly prevalence
have increased during the last few decades, because of the increasing frequency of
ultrasound screening for non-externally visible anomalies, such as urinary system
and cardiac defects, some of which might not otherwise be revealed till later life
(EUROCAT Working Group, 2002).

An important principle underlying most registries is a well defined geographical
population-base of resident mothers. Basing a registry on a single hospital or
selected hospitals can create selection bias, where high risk mothers are referred to
or from the hospital for specialist services, thus resulting in prevalence rates which
are biased upwards or downwards compared to the general population. Prenatal
screening has increased the potential for such selective flow between hospitals, and
emphasised the need for population-based studies.

In order to compare prevalence rates between populations, in relation to possible
underlying environmental causes, it is necessary to calculate a “total” or “adjusted”
prevalence rate including the terminations of pregnancy which follow prenatal
diagnosis. In some countries, a high proportion of pregnancies affected by certain
anomalies such as neural tube defects and Down’s syndrome are terminated (Busby
et al., 2005b; Dolk et al., 2005; Garne et al., 2005; EUROCAT Working Group,
2005). Up-to-date figures can be found on the EUROCAT website
(www.eurocat.ulster.ac.uk/pubdata/tables.html). =~ However, some of these
pregnancies ending in termination would otherwise have resulted in unreported
spontaneous abortions and account needs to be taken of this when comparing
populations in space or time (Cragan and Khoury, 2000; Dolk et al., 2005).

Two congenital anomalies show a marked real increase in total prevalence since
1980 — Down’s syndrome due to the increasing average maternal age across Europe
(Dolk et al, 2005) and gastroschisis due to unknown environmental factors
(EUROCAT Working Group, 2002). The situation regarding hypospadias, of
interest as a potential outcome of endocrine disrupting exposures, is unclear,
although EUROCAT data do not indicate an increase in prevalence since 1980
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(Dolk et al., 2004). Interpretation of surveillance data on hypospadias is particularly
difficult, since the anomaly ranges from minor to major forms, the more numerous
minor forms being subject to variable diagnosis, treatment and reporting over time
and between geographic areas. Geographic variation within Europe is evident for a
number of anomalies, including oral clefts (EUROCAT Working Group 2002a, b;
Calzolari et al, 2004) and omphalocele (Calzolari et al., 1995). The United
Kingdom and Ireland used to be areas of high prevalence for neural tube defects, but
prevalence rates have decreased in the 1970s and 1980s to nearly continental
European levels in the 1990s (Busby et al., 2005a). EUROCAT has also revealed
that the potential to prevent neural tube defects (and perhaps other congenital
anomalies) by folic acid supplementation is far from being fulfilled in Europe
(Busby et al., 2005a, Busby et al., 2005b, EUROCAT Folic Acid Working Group,
2005), since there has been little or no decline in neural tube defect prevalence since
1991 when randomised trials confirmed the preventive potential of periconceptional
supplementation. Many countries outside Europe have started fortifying staple foods
with folic acid, likely to be the only method by which a significant lowering of
neural tube defect prevalence can be achieved (De Wals ef al., 2003).

Prevalence data on more than 80 types of congenital anomaly reported among
livebirths, stillbirths and terminations of pregnancy following prenatal diagnosis are
updated each year on the EUROCAT website http://www.curocat.ulster.ac.uk/
pubdata/tables.html.

3. Environmental causes of congenital anomalies

The “environment” is a term that can be used to mean anything non-genetic,
including lifestyle exposures such as smoking and maternal factors such as age, or at
the other extreme, it can be used to mean very specifically exposure to the by
products of industrial and agricultural development, or environmental pollution.
This rather loose definition of “environment” creates confusion when the
contribution of the “environment” to the causation of congenital anomalies is
discussed. An extensive review of the scientific literature on environmental risk
factors for congenital anomalies is available on the EUROCAT website, adopting
the wider definition of “environment” but nevertheless providing a more exhaustive
review of studies on environmental pollution (EUROCAT, 2004). The latter include
studies of drinking water contaminants (heavy metals and nitrates, chlorinated and
aromatic solvents, and chlorination by products), residence near waste disposal sites
and contaminated land, pesticide exposure in agricultural areas, air pollution and
industrial pollution sources, food contamination, and disasters involving accidental,
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negligent or deliberate chemical releases of great magnitude. There are relatively
few environmental pollution exposures for which we can draw strong conclusions
about the potential to cause congenital anomalies and, if so, the chemical
constituents implicated. Thus, the challenge is to deal with scientific uncertainty
with appropriate recourse to the “precautionary principle”.

Congenital anomalies result from environmental exposures during the first trimester
of pregnancy, when most organogenesis occurs. As much of organogenesis occurs
before the pregnancy is even recognized, protection of the embryo cannot rely on
actions taken once the woman knows that she is pregnant. Relevant preconceptional
exposures may also have postconceptional effects, for example if these are indirect
(e.g. effects on endocrine function) or if the chemical has a long biological half-life
in the body (e.g. PCBs). The development of the brain remains subject to adverse
influences well past the first trimester.

A “teratogen” is a malformation causing chemical or agent. However, whether an
agent acts as a teratogen is crucially dependent on dose. Animal experiments show
that a vast array of chemicals, if given in high enough doses early in pregnancy, will
cause fetal malformation. The agent will be considered teratogenic if it leads to fetal
malformation without significant maternal toxicity (recognizing the unique
susceptibility of the fetus). For practical public health purposes, each agent can be
considered to have a “threshold dose” above which it may cause fetal malformation
(if exposure occurs at the sensitive time during development), and below which the
developing fetus is unaffected or is able to self-regulate or repair damage. For the
protection of humans, it is important to determine whether the highest exposures
experienced in the population are anywhere near the estimated “threshold”, taking
into account the likely variation of individual thresholds, depending on other genetic
and environmental factors. It follows that environmental exposure information
should be concerned with the range and distribution of exposure in the population,
not just the average exposure. Additional considerations are whether chemical
mixtures are more teratogenic than the component chemicals, and what the additive
effects are of different routes of exposure to the same chemical type.

The better established teratogens (EUROCAT, 2004) include nutritional excesses
and deficiencies (e.g. low folic acid status) (MRC, 1991), maternal illness or
infection (e.g. diabetes, rubella), drugs taken during pregnancy (e.g. thalidomide,
valproic acid) (Schardein, 2000), chemical exposures in the workplace or home (e.g.
to solvents or pesticides) (Cordier et al, 1997; Garcia, 1998), and radiation (e.g.
medical X-rays, and atomic bomb irradiation) (Lione, 1987; Otake and Schull,
1984).
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Congenital anomalies can be presumed to be caused by a combination or interaction
of genetic and environmental factors. Epidemiologic research establishes whether it
is genetic or environmental factors or both which distinguish individuals with and
without a congenital anomaly. Epidemiology cannot identify factors within the
causal mechanism that are uniform within the study population and teratogenic only
in combination with other genetic and environmental factors. We categorise as
“genetic” single gene or chromosomal syndromes where individuals with and
without the syndrome are distinguished by the genetic mutation alone. The example
of the metabolic disease phenylketonuria reminds us that even with a “genetic”
condition, environmental factors may be involved in the causal mechanism and
indeed may provide the basis for therapeutic intervention. We place in the
“environmental” category cases with environmental exposures known to carry a
high relative and absolute risk of birth defect, such as maternal rubella, even though
genetic susceptibility may play a role. Many environmental exposures raise the risk
of a birth defect, but only the minority of exposed individuals are affected,
depending on the existence of other genetic and environmental factors (often
unknown). Part of the interest of an international system such as EUROCAT is to
look in a standardised way at differences in prevalence of congenital anomalies
between populations, thus expanding the scope of environmental and genetic
variation that can be investigated beyond individual differences.

Congenital anomalies are one group within a range of other adverse pregnancy
outcomes, including spontaneous abortions, low birthweight due to prematurity or
restricted fetal growth, and poor neurodevelopmental outcomes. These differ in
timing (the “sensitive periods” during pregnancy), and in the level of risk associated
with different environmental exposures and at different doses. Protection of fetal
health must consider the entire range of potential adverse outcomes. Congenital
anomalies are not necessarily the most sensitive indicators of fetal exposure.

4. EUROCAT surveillance of environmental impact

4.1.  Approaches to surveillance

Epidemiologic surveillance is the continuous scrutiny of the distribution of disease
in a population in order to take and evaluate control measures. As opposed to
epidemiologic research, surveillance tends to be concerned with problem detection
and hypothesis generation rather than hypothesis testing; using routine data
collection systems, with minimal often incomplete data as opposed to time limited,
specially designed extensive and complete data collection (Thacker and Berkelman,
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1988). Nevertheless, epidemiologic surveillance and epidemiologic research form a
spectrum of activity, and considerable EUROCAT activity is carried out at the
borderline of surveillance and research, where surveillance does test hypotheses
(often less specific hypotheses than can be addressed by a full research protocol),
and where attempts are made to expand routine data collection systems to fit these
purposes, and to ensure higher and standardised data quality. Since the quality of
data on congenital anomalies coming from population-based registries is high (and
used for both surveillance and research), surveillance and research differ mainly in
the quality and extensiveness of environmental and risk factor data.

EUROCAT approaches the surveillance of environmental impact in the causation of
congenital anomalies in the following three ways: assessment of trends in congenital
anomaly prevalence; routine detection o,f and response to, clusters; systematic
evaluation of environmental exposures.

4.1.1.  Assessment of trends in congenital anomaly prevalence

This has been discussed above (section 2).

4.1.2.  Routine detection of and response to clusters without a well defined a
priori exposure hypothesis

Each year EUROCAT conducts a statistical analysis of all new trends and temporal
clusters, and a common computer software is supplied to individual registries so that
a more frequent and up-to-date analysis can be done locally. Such monitoring has its
origins in the thalidomide epidemic, when routine examination of congenital
anomaly data was promoted as an early warning system for newly marketed drugs
with previously unsuspected teratogenic effects. Since then, the sensitivity of
surveillance systems has been analysed to identify under what conditions a drug
related increase is most likely to be detected (Kallen, 1989; Khoury and Holtzman,
1987). Experience shows that many trends and clusters are finally attributed to
changes in definition or diagnostic and reporting practice (Robert, 2003). In
addition, a random distribution of cases in space and time is not a regular
distribution, and there will be patches in time or space of denser concentration of
cases. These random events are difficult to distinguish from clusters where the cases
have a common unusual or new cause. EUROCAT has also therefore developed a
web-based “Cluster Advisory Service” to collect experience in investigating and
responding to clusters (www.eurocat.ulster.ac.uk/clusteradservice.html).

Clusters in time and space may also be found outside the surveillance system,
perhaps outside the registry area, by the community, media or health professionals.
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A community may become aware of an aggregation of cases in their area, and then
seek the nearest reason such as a waste site or power line. The problem has been
likened to the “Texan sharpshooter” who draws his gun and fires at the barn door,
and only afterwards goes and draws the target in the middle of the densest cluster of
bullet holes. Since random “clusters” are expected to occur and there are usually few
cases for investigation, some argue that the likelihood of finding a common causal
factor is so low that it may often be better not to investigate but instead to “clean up
the mess” of the suspected contaminant without demanding causal proof (Rothman,
1990). Existing guidelines for deciding which clusters are worth investigating are
described in the EUROCAT Cluster Advisory Service web pages. Distinguishing
random clusters from clusters with a true local environmental cause has proved a
difficult problem, whether the clusters are detected by the surveillance system or
outside it. Most of the well documented instances in the literature where a cluster
was observed which was subsequently established as due to environmental
contaminants have been related to food exposures (Dolk and Vrijheid, 2003),
involving both high numbers of cases and high relative risk, including the Minamata
incident in Japan where fish and shellfish were contaminated with methylmercury,
incidents of PCB contamination of cooking oil in Taiwan and Japan, and pesticide
over-use at a fish farm in Hungary.

This problem of “random” clusters has also led to reluctance to conduct this type of
surveillance, for fear of being “overwhelmed” with clusters to investigate. This is
rather an ostrich-like policy, and no longer supported by experience. Statistical
methods are now available which take into account the high level of multiple and
repeated statistical testing. It is of more concern that true clusters are missed, rather
than random clusters detected. A transparent surveillance, or “envirovigilance”,
strategy could help prioritise locally reported clusters. Moreover, examination of
clustering is also an important element of data quality control, and systems are more
likely to be overwhelmed by clusters caused by variations in diagnostic, reporting or
registration practice than by random clusters, a situation which needs to be tackled
where it arises.

4.1.3.  Systematic evaluation of environmental exposures

While detection of clustering without an a priori specified hypothesis, as described
under 4.1.2 above can be one element of an envirovigilance strategy, it is by no
means enough. Surveillance will have greater sensitivity if it directly assesses
specified environmental exposures: with sensitivity to find a true effect increasing
the more precise and accurate the exposure assessment is. In addition, this sort of
evaluation can be part of the response to individual clusters where a local exposure
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has been suspected, by assessing whether clustering is occurring near “similar”
sources of pollution (Dolk, 1999).

The first such study to be conducted within the EUROCAT network evaluated the
impact of Chernobyl on the prevalence of congenital anomalies in the Western
European countries belonging to the network in 1986 (Dolk et al., 1999). This study
revealed that overall there was no detectable increase in congenital anomalies of the
central nervous system or eye, or Down’s syndrome.

EUROCAT also conducted a study of risk of congenital anomaly associated with
maternal occupational exposures (Cordier et al, 1997). This study in particular
found further evidence of a risk associated with solvent exposure. A further study
developed and tested methods of estimating exposure to potential endocrine
disrupting chemical exposures, based on job title (Vrijheid et al., 2003), but this has
not yet been tested on EUROCAT registry data.

The EUROHAZCON study investigated risk of congenital anomaly near hazardous
waste landfill sites in Europe. This study found an elevated risk of both non-
chromosomal and chromosomal anomalies among residents near hazardous waste
landfill sites, but no discernable relationship between the level of risk and a crude
assessment of the hazard potential of the site (Dolk et al., 1998; Vrijheid et al.,
2002a, b). More research is needed to clarify this issue, but the potential for studies
based almost entirely on proximity of residence as exposure assessment is probably
exhausted for landfill sites, and has already fulfilled its surveillance “warning”
function.

Further study concerns the effect of socioeconomic deprivation on congenital
anomaly risk (Vrijheid et al., 2000). This is important in its own right (to target
prevention and treatment), and also to untangle the complexities of interpreting risks
associated with other environmental exposures. Typically, for example, people of
lower social status are more highly exposed to pollution, either because they move
where housing prices are lowest, have less power or advocacy skills to prevent
pollution sources being sited near them, have less access to environmental health
information, or because aspects of lifestyle associated with greater deprivation (such
as ability to buy bottled water) lead to higher exposure. Although information on the
extent to which congenital anomaly prevalence is linked to social status is rather
limited, current evidence does suggest that more socio-economically deprived
groups have higher non-chromosomal congenital anomaly rates, and part of this may
be explained by nutritional status. Thus we have to take this into account when
interpreting an association between, for example, residence near an industrial site
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and a raised prevalence of congenital anomaly, as a causal effect of industrial
releases. The EUROHAZCON study included a crude measure of socioeconomic
status and found that the effect of residence near landfill sites was independent of
any socioeconomic effect. Socioeconomic status may also modify the extent to
which a pollutant presents a teratogenic risk, perhaps through interaction with
nutritional or other environmental conditions. In addition, demands of
environmental justice necessitate an assessment of whether deprived communities
have higher congenital anomaly risks due to their environmental conditions.

Numerous other studies of environmental exposures, ranging from recreational and
therapeutic drugs to dioxin contaminated land and incinerators, have been conducted
by individual member EUROCAT registries or countries, and references can be
found on the EUROCAT website (www.curocat.ulster.ac.uk/pubdata/publications.
html).

One of the challenges is to turn this strand of surveillance, now consisting of ad hoc
pieces of research, into a truly systematic surveillance approach, with a clear system
of identification and prioritisation of exposures to be evaluated.

4.2.  Envirovigilance

Postmarketing drug surveillance, or pharmacovigilance, is a vital part of congenital
anomaly surveillance. Statistical monitoring may pick up a change in frequency of a
specific type(s) of congenital anomaly, the surveillance system can provide a rapid
population-based response to the observations of the “alert clinician” or the
surveillance system can be used to assess how well the use of known teratogenic
drugs is avoided in pregnancy. To be truly effective however we need to operate on
the borderline between surveillance and research, investing in registry-based case-
control approaches with extensive and accurate data on women’s medication history
during pregnancy, and linkages between congenital anomaly registries and clinical
databases of women with specific diseases (epilepsy, diabetes). Some individual
registries have been active in pharmacovigilance, but ongoing collaborative activity
in this area within EUROCAT has only recently begun. An additional issue growing
in prominence is the use of assisted reproductive technologies (ART) (Hansen ef al.,
2002), where again linkages between congenital anomaly registers and ART
registers should provide more precise and accurate data on congenital anomaly risks.

In EUROCAT, we have suggested that an analogous form of surveillance to
pharmacovigilance should be “envirovigilance”, the post-licensing surveillance of
environmental chemicals resulting from industrial and agricultural practices. The
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elements of the envirovigilance strategy for EUROCAT are essentially as described
above (sections 4.1.1, 4.1.2, and 4.1.3). Whereas pharmacovigilance finally leads to
a better balancing of costs and benefits for the individual, envirovigilance would
lead to a better balancing of costs and benefits of industrial and agricultural practices
for the community.

The EUROHAZCON study of hazardous waste landfill sites was a feasibility study
in relation to building an envirovigilance system (Dolk et al., 1998; Vrijheid ef al.,
2002a, b). It showed that the standardisation of registry methods and coding worked
on by EUROCAT since 1979 made pooling congenital anomaly data across Europe
relatively straightforward. The main difficulties with proceeding to routine
surveillance lay in variable access in different countries to geocoding (to high
geographic resolution) of cases and controls, variable access to and categorisation of
socio-economic status as a confounding factor, and variable and generally
insufficient access to appropriate detailed environmental exposure information.
Envirovigilance of the future therefore, now depends crucially on building
environmental information systems in Europe which can be routinely accessed.

One would not expect epidemiologic surveillance on its own to establish beyond
doubt the level of risk associated with an environmental exposure. Where there is an
indication of a potential problem from surveillance, specially designed
epidemiological research studies are needed with extensive exposure assessment.
Complementary toxicological and teratological approaches are also needed for
problem detection and investigation.

Surveillance requires the maintenance of high quality complete data on fetuses and
babies born with congenital anomalies. The public may assume that its health is
being protected by routine surveillance, but in fact this activity is at risk from the
logistical (and associated financial) difficulties imposed by requirements in some
countries to ask for parental consent for the inclusion of children in any database
(Busby et al., 2005¢). The duty to obtain consent is often not balanced by the duty to
give parents the opportunity to participate in the future protection of child health.
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Summary

Teratology is the branch of medical science which studies the contribution of the
environment to abnormal prenatal growth as well as morphological or functional
developmental defects. Despite some pioneering research, the clinical and scientific
interest in clinical teratology only developed because of the rubella pandemics in
1941 and the thalidomide tragedy in the late 1950s. The following decades have
seen a definition of criteria for proof of human teratogenicity, the classification of
drugs used in pregnancy, and the development of the “Teratogen Information
Services” in developed countries.

Teratogens are chemical, physical or infectious agents, or a maternal status/disease
whose prenatal exposure during the pregnancy can provoke developmental defects.
Susceptibility to teratogenic agents depends on the combination of several factors,
including the genotype of the mother and/or of the fetus, dosage, the gestational
period at exposure, pharmacokinetics and the pharmacodynamic of the substance.

The methodology for the identification of teratogens includes animal studies,
prospective epidemiologic studies and retrospective epidemiologic studies. The
criteria for “proof” of human teratogenicity have not been defined although some
criteria have been proposed and applied in the clinical/animal/epidemiologic studies.
At present, some international classifications of drugs used in pregnancy are

P. Nicolopoulou-Stamati et al. (eds.), Congenital Diseases and the Environment, 147-160.
© 2007 Springer.



148 M. CLEMENTI AND E. DI GIANANTONIO

available, but their usefulness and reliability have been criticized. For this reason, in
the 1980’s Teratogen Information Services were set up in order to provide public
and health professionals with appropriate information on drug risk during
pregnancy.

1. Introduction

Teratology is the branch of medical science which studies the contribution of the
environment to abnormal prenatal growth as well as morphological or functional
developmental defects (Smithells, 1980). The term teratology derives from the

Greek word rgpao, which means terrible vision, monster.

Although a few pioneering studies were conducted in the early 20" century (Hale,
1933; Warkany and Nelson, 1940), the interest of the medical and public media only
developed following the evidence that rubella was responsible for a well-defined
phenotype of embryopathy (Greg, 1941); and the thalidomide tragedy in the late
1950s and early 1960s (Smithells, 1962). The latter definitely demonstrated that the
environment plays a significant role in determining congenital malformations.

The consequences were an increase of basic, clinical and epidemiological research
in the fields of environmental teratogenesis, and the worldwide launch of restrictions
and controls (experimental, epidemiological, and clinical) with the intention of
avoiding the introduction of teratogenic agents into the human environment.
Furthermore, teratogen information services (TIS) were introduced in the 1980’s;
consequently, information resources such as Reprotox and TERIS (Friedman and
Polifka, 1994; Scialli ef al., 1995) were available.

Congenital malformations are a heterogeneous group of individually rare conditions.
The birth prevalence of congenital malformations is about 3-5%. Both genetic and
environmental factors can cause birth defects. However, the causes of about 60 to 70
percent of birth defects currently are unknown. Only 2-3% of birth defects are
classified as teratogen-induced malformations, and they appear to be caused by a
combination of one or more genes and environmental factors such as drug or alcohol
abuse, infections, or exposure to certain medications or other chemicals.

The aim of this chapter is to discuss the principles of teratology and to present the
characteristics of teratogens and the methodology used to identify new teratogens.
Almost all of the data presented here is focused on drug exposure (De Santis ef al.,
2004) and infectious diseases, which are the main interests of clinical teratology. In
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fact, limited data is available on environmental factors such as air pollution, water,
soil, and food. The studies on these latter issues regard mainly the dioxin exposure
(in particular the Seveso disaster) and waste sites, which are the subjects of other
chapters of this book. It is very difficult to define, according to the methodology
used in clinical teratology, the exact exposure in pregnant women as well as the
control samples. It is difficult to compare experimental animal data to human
exposure.

2. Teratogens

Teratogens are environmental agents, which can affect normal prenatal
development. Teratogens can be physical agents (for example X-rays or
temperature), chemicals (for example drugs, pesticides or vitamins), infectious
agents (for example the rubella virus) or diseases which the mother is suffering from
(for example diabetes) (table 7).

Table 7. Characteristics of teratogens

Agent
Physical, chemical, infectious agent, maternal status/disease
Sensitivity period
1* trimester (cell growth and cell differentiation, embryogenesis),
2" & 3" trimester  (histogenesis, function and growth)
Factors determining teratogenicity
Dose, genetic predisposition, interaction with other agents
Teratogenic general effects
¢ Structural abnormalities
- Malformations
¢ Fetal and infant mortality
- Miscarriage, embryolethality, stillbirth
* Impairment of physiologic function
- Endocrinopathy, deafness, blindness, neurodevelopmental effects, impairment of
reproduction function
¢ Altered growth
- Growth retardation or enhancement, delayed or early maturation
Teratogenic specific effects
Specific anomalies, syndromes
Risk
Absolute risk, relative risk

Teratogenic exposure can affect prenatal development by altering gene expression,
cell proliferation or migration, programmed cell death, function and production of
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proteins and metabolism. Some agents can act directly on the embryo/fetus, whereas
others operate by altering the maternal metabolism. The outcome can be a
morphological/structural defect or a functional anomaly; it may already be evident at
birth or appear later in childhood or adulthood.

In the years after the thalidomide tragedy, several aspects of teratology were
developed:

- Basic principles of teratology,

- Methodology for preclinical studies, in particular animal studies,
- Pharmacokinetics in pregnancy,

- Classification of drugs used in pregnancy,

- Institution of Teratogen Information Services (TIS).

2.1.  Basic principles of clinical teratology

After Wilson’s definition (1977), the basic principles which determine the potential
of an environmental agent to induce morphological (i.e. structural malformation) or
functional anomalies in an exposed embryo/fetus have been developed (Finnel,
1999).

The principles are:

a. Susceptibility to teratogenic agents depends on the genotype of the mother
and/or the fetus. Such gene-teratogen interactions may explain why the
range of effects seen after identical exposures can be so broad. The best-
known example is the thalidomide tragedy. It has been estimated that only
about 50% of the exposed fetuses developed the thalidomide embryopathy.

b. Susceptibility to teratogens depends on the stage of pregnancy during
which teratogenic exposure occurs. This means that the same agent can
produce specific abnormalities at specific times during gestation.
Furthermore, there is a particularly sensitive time period for every
teratogenic agent (for example thalidomide, coumarin or the rubella virus)
and consequently a teratogen does not provoke malformations if there is
not an exposure during the sensitive period.

c. Each teratogenic agent acts in a specific way.
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d. There is a dose-effect relationship ranging from no effects up to a lethal
outcome for most teratogenic agents. However, some exceptions are
known, and among these thalidomide is the best example.

e. Teratogenic effects are death, malformations, intrauterine growth
retardation and functional anomalies.

The first principle has largely been developed within the last decades. Many studies
have demonstrated genetic susceptibility as a major factor in determining the
teratogenic effect of environmental factors (Streissguth and Dehane, 1993; Hall et
al., 1997; Finnel et al., 2002). In the last few years, the genomic sequences of
different organisms have become available and subsequently it is now possible to
search for changes in gene-expression in early stages of development related to
specific exposures (Lee et al., 2004; Nemeth et al., 2005).

2.2.  Animal studies

Animal studies are important because, in some instances, they have shed light on the
mechanisms of teratogenicity because when an agent causes similar patterns of
anomalies in several species, human teratogenesis should also be suspected.

The various endpoints considered in these studies are fertility, embryo lethality,
organogenesis/teratogenesis, growth retardation, and postnatal physiological,
biochemical, developmental, and behavioural effects. Different species (i.e. rats,
mice, rabbits and dogs) should be investigated because of a well-known species-
specific sensitivity.

Mechanism of action studies should always be initiated to determine the active
metabolites that result in deleterious effects, if any, and in order to find out whether
animals and humans do respond similarly to the toxin and its metabolites.

In animal studies, toxic exposure should occur in the same way as it occurs in
humans. Animals should be exposed to different dosages, including those affecting
humans. Pharmacokinetics, metabolism, excretion and tissue concentration of the
substance should be determined.

However, the results of animal studies can not be used to determine the risk in
humans (Brent, 2004), and it must be taken into consideration that:

a. the side-effects could be different in animals and humans,
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b. an agent proven safe in animals could be deleterious in humans,

c. an agent deleterious in animals could be safe in humans.

2.3.  Pharmacokinetics in pregnancy

Maternal physiologic changes in pregnancy may alter the pharmacokinetics of drugs
and result in a decrease of the blood concentration of most pharmaceutical products.
In fact the total body water increase causes a shift of the concentration of protein-
binding drugs and the drugs themselves. In addition, many physiological
modifications in the maternal body modify the clearance rate, mainly in late
pregnancy, of many substances (in particular drugs) (Loebstein et al., 1997). These
modifications include the following:

- changes in total body weight and body fat composition,
- delayed gastric emptying and prolonged gastrointestinal transit time,

- increase in extra cellular fluid and total body water,

- increased cardiac output, increased stroke volume, and elevated maternal
heart rate,

- decreased albumin concentration with reduced protein binding,
- increased blood flow to the various organs (e.g. kidneys, uterus),
- increased glomerular filtration rate,

- changes in hepatic enzyme activity, including phase I CYP450 metabolic
pathways (e.g. increased CYP2D6 activity), xanthine oxidase, and phase II
metabolic pathways (e.g. N-acetyltransferase).

In addition, the placenta metabolism, including the distribution within the fetus, has
to be taken into consideration (Shiverick et al., 2004).

All of these subjects have already been studied in animals.

A significant amount of pharmacological research has been conducted to improve
the quality and quantity of the data available for other altered physiologic states (e.g.
in patients with renal and hepatic disease) and for other patient subpopulations (e.g.
pediatric patients). The need for pharmacokinetic, toxicokinetic, pharmacodynamic
studies in pregnancy is no less than for these populations, nor is the need for the
development of therapeutic treatments for pregnant women.
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2.4.  Methods to identify human teratogens

There are different theoretical approaches to the identification of an environmental
agent as a human teratogen: laboratory screening methods, animal studies, case-
reports, clinical observations and epidemiological studies.

Seldom, if ever, have teratogens been identified following designed epidemiological
studies. Usually an increased prevalence of particular birth defects leads to the
discovery of a teratogenic agent.

The best-known example is the thalidomide tragedy; independently identified by
clinicians in Australia, Germany and England in the early 1960s (McBride, 1961;
Lenz, 1962; Smithells, 1962) and confirmed by epidemiological studies 2 years
later. Recently the methimazole teratogenicity was first recognized by clinicians
(Clementi et al., 1999) and only later confirmed by a multicentrical study (Di
Gianantonio et al., 2001). The list of human teratogens identified by clinicians
includes: rubella virus, aminopterin, trimethadione, PCBs (polychlorinated
biphenyl), coumarin, alcohol, lithium, diethylstillbesterol, misoprostol, and many

more.

Case-reports are often considered anecdotal, but they stimulate further “ad hoc”
research. They carefully describe defects in children with proven exposure to
particular agents at the sensitive stage of pregnancy (i.e. when the organ is
developing). Epidemiological studies, on the other hand, often have the statistical
power to confirm or exclude hypotheses. Including large numbers of exposed
individuals, they analyse confounding factors, and use appropriate control groups.

Epidemiological studies may either be retrospective in nature or prospective
cohorts’ studies. Prospective studies minimise recall bias, but are time-consuming. It
takes a lot of time to collect enough data to give statistically significant results and
they are not useful for evaluating the relative risks of rare malformations. Even large
multicentrical prospective studies often fail to provide conclusions for low-risk
teratogens, i.e. an agent producing congenital defects in less than 10 infants among
1,000 prenatal exposures (Shepard, 2002).

On the other hand, prospective data permits an evaluation of almost all
environmental effects; covering the entire spectrum of developmental outcomes and
including the frequency of spontaneous abortion.

Retrospective case-control studies (data wusually obtained from congenital
malformation registries or hospital records) are less costly and easier to conduct, but
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they have other weaknesses, such as the inaccuracy of data collected from medical
records and recall bias. However, for rare malformation/rare exposure, the case
report method is commonly used. The two methodologies can complement one
another (Martinez-Frias and Rodriguez-Pinilla, 1999; Ornoy and Mastroiacovo,
2000).

2.5.  Classification of drugs used in pregnancy

About 80% of pregnant women all over the world use at least one drug on
prescription or drugs bought over the counter. In many cases, the exposure is very
early, especially for unplanned pregnancies, where the mother is unaware of the
pregnancy.

Proper prescribing of drugs in pregnancy is a challenge and should provide
maximum safety to the fetus as well as therapeutic benefit for the mother. However,
the prescribing physicians often find themselves in difficulty. Safety warnings on
package leaflets as well as databases, such as the “Physicians’ Desk Reference” are
out-dated and in some cases even misleading. The label ‘“contraindicated in
pregnancy” can signify two things: toxic for the embryo/fetus or no scientific data
on humans available so far.

Since the early 1980s, classification systems in Sweden (1978), the USA (1979), and
Australia (1989) have set up risk assignment systems with the intention of guiding
physicians to a better assessment of fetal risk. These classifications have been based
on data obtained from human and animal studies. The three systems comprise of
different categories: the “safest drugs”, drugs only used by a limited number of
pregnant women but without known increase of reproduction toxicity in animals;
drugs that may have certain risks for the fetus; and drugs demonstrated to be
teratogenic.

These systems have been useful in earlier years for easy and fast consultations.
However, the given information was found to be insufficient for individual
assessments of embryo-fetal risks. Scarce and ambiguous information still renders it
difficult to estimate teratogenic risks and developmental toxicity. Recently the three
different systems have been criticized for differences in the sub classification of
drugs; and thus are limited regarding usefulness and reliability (Addis et al., 2000;
Merlob and Stalh, 2002).
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2.6.  Criteria for proof of human teratogenicity

The criteria for “proof of human teratogenicity” has not been defined, although an
amalgamation of criteria has been proposed and published in each edition of the
Catalog of Teratogenic Agents since 1986 (Shepard, 2002) (table 8).

Table 8. Major criteria for proof of human teratogenicity (modified from Shepard, 2002)

1. Proven exposure to agent at critical gestational period

2. Consistent findings by two or more epidemiologic (possibly prospective)
studies including exclusion of bias, control of confounding factors, large
samples, careful definition of major/minor defects

3. Definition of clinical findings for rare defects associated with rare exposures

4. Teratogenic effect should make biologic sense

There must be proven exposure to a specific agent at critical times in prenatal
development and at least two independent epidemiological studies should have
evidence of a statistical correlation between exposure and the increase of specific
congenital malformations (isolated or associated in a recognizable syndrome). The
studies should comprise of large numbers of exposed individuals, random control
groups and should try to eliminate bias and confounding factors.

For rare exposures associated with rare malformations, the presence of well-
delineated single case reports is usually considered sufficient (for example the
exposure to methimazole associated with choanal and/or oesophageal atresia)
(Clementi et al., 1999; Di Gianantonio ef al., 2001).

2.7.  Teratogen Information Services (TIS) in Europe

TIS were set up in the 1980s in order to provide public and health professionals with
appropriate information on drug risks during pregnancy. Until then, data on prenatal
exposure to possible teratogenic agents, and drugs in particular, had not been
available easily and were difficult to interpret (Clementi et al., 2002; Felix et al.,
2004; Schaefer et al., 2005).
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Pregnant women and health professionals of various disciplines (in particular
general practitioners, obstetricians, and midwives) do seek advice from TIS.
Counselling can be requested under various circumstances, requiring different
approaches to risk assessment and communication:

1. if pharmacotherapy is intended in pregnancy, usually because of a maternal
chronic disease,

2. when exposure has taken place in pregnancy,

3. when a newborn, exposed prenatally to a particular agent, is affected with
a malformation and a specific diagnosis is required.

TIS units vary in staff size, methodology and the population size they account for.
Some provide information mostly to physicians, others to the public. Different ways
of counselling have been established within the various TIS, with different emphasis
on written or oral counselling. In some units, follow-up is limited to special
exposures, whereas others try to follow every eventual outcome.

TIS carry out studies with data prospectively ascertained from earlier pregnancies
and can give results on morphological defects (major malformations), pregnancy
outcomes (spontaneous abortions, late fetal death, stillbirth, and live births),
intrauterine growth, and neonatal effects (such as sedation, hypoglycaemia, heart
rhythm anomalies, and withdrawal or toxicity symptoms).

In 1990, members of 13 European programmes engaged in pregnancy counselling
and risk evaluation met in Milan and founded the European Network of Teratology
Information Services (ENTIS). This institution is registered in the Netherlands, at
the National Institute of Public Health and Environmental Protection (RIVM) in
Bilthoven. At present, it is made up of 33 active members.

The main objectives and functions of ENTIS were defined as follows:
1. to recognise, to detect and to prevent causes of birth defects,

2. to stimulate and facilitate the exchange of experience between the different
TIS in Europe,

3. to improve skills in counselling and risk assessment in pregnancy,
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4. to provide training by giving information on teratology,

5. to create joint solutions for counselling procedures, databases and
terminology,

6. to hold annual meetings, in order to enhance scientific collaboration and
improve TIS specific organisational procedures,

7. to create and maintain an ENTIS website (www.entis-org.com) for the
public and health professionals and for communication among ENTIS
members in a password protected forum.

Since its foundation, ENTIS has successfully conducted several studies on drug
risks in pregnancy. Nevertheless, for many groups of drugs, a substantial teratogenic
risk has not been able to be established so far. Among these are: calcium channel
blockers during first trimester, tricyclic antidepressants, selective serotonin reuptake
inhibitors, proton pump inhibitors, haloperidol/benfluridol, H2-blocker, mesalazine,
Yellow fever vaccination during first trimester, quinolones, and vitamin A
supplementation.

One of the major results obtained by the TISes is to alleviate unnecessary and
unrealistic fears of pregnant women and to reduce the rate of induced abortions
because of involuntary prenatal exposure to drugs (Garbis, 1990).

3. Conclusions

It goes without saying that some pregnant women need to be on medication and the
avoidance of any treatment after conception may often be unwise for maternal well-
being. Therefore the prescription of drugs in pregnancy should provide maximal
safety to the fetus as well as therapeutic benefit to the mother.

The embryo or fetus represents an additional “patient” with specific and defined
pharmacometabolical needs. In the case of maternal treatment, the fetus, although
not requiring therapy itself, is exposed to the therapy and may suffer
pharmacological effects.

Therefore, the first rule in treating pregnant women/women of reproductive age is to
only prescribe drugs sufficiently tested for their eventual toxicity and teratogenicity.
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In recent decades, clinical teratology has been a field of interest for geneticists,
embryologists, obstetricians, pharmacologists and many other specialists.

The list of known teratogens includes low-risk teratogenic agents and therefore
accurate counselling, risk assessment and appropriate backup therapy can be offered
to pregnant women. Many web sites provide information to public and physicians
(table 9).

Table 9. Websites useful on clinical teratology

Address Characteristics
WWW.entis-og.com Web site of ENTIS
WWWw.otispregnancy.org Website of OTIS
www.teratology.org Teratology society
WWWw.etsoc.com European Teratology Society
www.motherisk.org Motherisk program, Canada
www.ifts-atlas.org/ifts/index.html Atlas of congenital malformations

However, new substances and drugs are being introduced into the market every day.
Women suffering from chronic diseases or malformations are able to become
pregnant, thanks to substantial medical progress (for example transplant recipients,
patients affected with phospholipid syndrome). Unfortunately, in these cases,
laboratory tests and animal studies are of no help. Epidemiological studies and
careful clinical evaluations will eventually provide information.

New molecular technologies will initiate a different development of clinical
teratology (Polifka and Freidman, 2002). In recent years, genetic polymorphisms
and variants of drug-metabolising enzymes that may produce significant alteration
in clinical responses to drug treatment have been identified in humans. Genetic
polymorphisms that result in changes of the elimination of drugs or other agents
could be expected to increase teratogenicity.

In the future, pharmacogenomics will unearth new evidence for the understanding of
how certain genetic polymorphisms influence teratogenic processes in humans.
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Summary

Hot spots of pollution have shown that dioxins can cause congenital malformations,
prematurity and intra-uterine growth retardation. In regions with background
concentrations, like in Europe, there has generally been no indication of an increase
in congenital malformations in relation to dioxins.

Specific types of malformations, such as cleft lip and palate, were found to be
associated with exposure to a mixture of chemicals in clouds formed by open
burning of chemical waste in Amsterdam, The Netherlands. While such defects have
been seen in rodents, occurrence in humans had previously not been documented. In
a similar fashion, renal abnormalities like agenesis and dysgenesis were found in
Chapaevsk, also previously only noted in animal experiments (See sections on
Amsterdam Diemerzeedijk and Chapaevsk).

P. Nicolopoulou-Stamati et al. (eds.), Congenital Diseases and the Environment, 163—181.
© 2007 Springer.
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The finding in Chapaevsk of a high incidence of congenital hydrocephaly without
spina bifida 4/1,000 births is remarkable. Congenital hydrocephaly is a rare
condition, in general 2.0-3.9/10,000 births (Abbott, 1995). However, this specific
malformation is also found in the offspring of mothers with type 1 diabetes.
Abnormal glycosylation is assumed to play a role and cause congenital
malformations as expressed in an increased level of Hemoglobin A 1c (glycosylated
hemoglobin) in mothers with type I diabetes.

We suggest that in both situations (Chapaevsk and pregnant women with type 1
diabetes) the same metabolic mechanism might be the cause of malformations.

Animal experiments have shown that dioxins can deplete vitamin A stores in the
liver. In other animal experiments, vitamin A can counteract negative effects of
PAHs, including dioxins. This vitamin is necessary for glycosylation. And the
vitamin might be important as a prevention, the more so because recent research in
the Netherlands revealed a 48% deficiency of this vitamin in the diet of women
trying to fall pregnant. In general, more attention to keeping a balanced vitamin A-
status in general, and in women with type 1 diabetes especially, is recommended.

1. Introduction

Dioxins and dioxin-like polychlorinated biphenyls (PCBs) are halogenated
hydrocarbons, members of a group of structurally similar environmental pollutants,
the Persistent Bioaccumulating Toxicants (PBTs). Other PBTs include
polybrominated biphenyls (PBBs) and perfluoro-octane-sulfonate (PFOS). PCBs
were commercially mainly used as additives to hydraulic oils and plasticisers. The
industrial manufacture of PCBs was essentially banned in 1977 but they are also by-
products of many chemical and thermal reactions containing organic substances and
chlorine, and are produced by smelt furnaces and waste incinerators. They are highly
persistent in the environment and found in many levels of the food chain, notably in
fish and animal fat (Koppe and Keys, 2001). Some PCB congeners have effects like
dioxins and are thus referred to as dioxin-like PCBs.

The term “dioxins” refers to the group of polychlorinated dibenzo-p-dioxins
(PCDDs) and dibenzofurans (PCDFs). The most toxic form of dioxin is 2,3,7,8-
tetrachlorodibenzo-p-dioxin  (2,3,7,8 TCDD). Dioxins are not produced
commercially, with the exception of small quantities for research, but are formed as
unwanted by-products during combustion processes involving chlorine, such as
waste incinerators, in metal processing or in industrial processes like the production
of insecticides. As a result of reduction measures, especially for incinerators at the
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end of the 1980s, dioxin emissions in Western Europe have decreased (Zeilmaker et
al., 2002).

The toxicity of dioxins and the dioxin-like PCBs are generally expressed in Toxic
Equivalent (TEQ). Every congener has a specific Toxic Equivalency Factor (TEF)
relative to 2,3,7,8 TCDD, which has a TEF of 1. This is a system for ranking the
relative potencies of the dioxin-like activity of the different congeners so that the
toxic effect of mixtures of dioxin-like chemicals can be summated. I-TEQs refer to
international TEQs; however, WHO TEQs are currently used.

It must be borne in mind, however, that in the environment and in animals and
humans, most PCBs are non-dioxin-like, and hence do not contribute to the dioxin
TEQ. These latter chemicals do not use the aryl hydrocarbon receptor pathway,
which is used by the dioxin-like PCBs.

In Europe, most studies address the exposure to background levels of dioxins as
found in the European countries. Various abnormalities have been found, some
transient - like the increase in liver transaminases in relation to postnatal exposure
and reduced thyroid hormone, as expressed by an increase in thyroid stimulating
hormone (TSH) in relation to prenatal exposure. Others effects seem to be persistent,
like an abnormal lung function (restriction and obstruction) and neurophysiologic
abnormalities, like an increase in the P300 latency after visual evoked potentials.
Furthermore, a persistent (until the age of 8 years) decrease in the number of
thrombocytes, and immunologic abnormalities, in different mother-baby cohorts
have been documented (ten Tusscher and Koppe, 2004; ten Tusscher et al., 2003;
ten Tusscher ef al., 2001; ten Tusscher, 2002; Patandin ef al., 1999; Patandin et al.,
1998; Koopman-Esseboom et al, 1994; Vreugdenhil et al., 2002). However, no
overt congenital malformations have been described in relation to these background
levels.

In contrast, higher doses of dioxins, as found in hot spots, have been related to
congenital malformations in human beings. In striking similarity to children of
diabetic mothers, high dioxin exposure has been associated with congenital
hydrocephaly without spina bifida. This might indicate a similar aetiology in
mothers of type I diabetes and mothers exposed to high levels of dioxins (discussed
later in this paper).

Acute dioxin poisoning will first be addressed, followed by a review of hot spots of
dioxin pollution in relation to congenital malformations.
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2.  Acute dioxin poisoning

2.1.  Animal studies

The most commonly seen acute effects of exposure to TCDD in animals are
lethality, wasting syndrome, enlargement of the liver, thymic atrophy, skin
abnormalities and endocrine effects. Animals die 1-6 weeks after exposure to TCDD
(McConnell, 1984).

The wasting syndrome is characterized by weight loss or reduced weight gain and a
depletion of adipose tissue. Rats exhibit a tendency to hypothermia.

There is an enlargement of the liver based on hyperplasia and hypertrophy of
parenchymal cells and there is an increase in microsomal mono-oxygenase activity.

Most TCDD is excreted in the feces. Abnormal hyperplasia of the gastric epithelium
and the urothelium is described.

In all animals studied, TCDD affects immune function, and thymus atrophy is well
known (Vos, 1984).

One of the most pronounced endocrine effect of TCDD in rats is the strong decrease
in thyroxine levels. There is depletion in the liver of vitamin A stores and effects on
the skin; for example hyperkeratosis and immune suppression resemble vitamin A
deficiency. There is a good relation between acute toxicity of TCDD and its effect
on vitamin A status (depletion) in rats, guinea pigs and hamster (Thunberg, 1984).
Congenital malformations described in animals are hydronephrosis in mice and rats
and cleft palate in mice (Pratt, 1984).

2.2, Acute dioxin toxicity in man
2.2.1.  Yushchenko

Chloracne is seen as the hallmark of acute dioxin poisoning, recently illustrated in
the well known case of the poisoning of Yushchenko.

In 2004 Yushchenko was intoxicated with 1-2 mg of dioxin. He suffered gastro-
intestinal complaints, developed severe chloracne and disturbances of many vital
systems in his body. It takes some time to develop chloracne, as is seen in victims of
Seveso, and this makes the date of the poisoning uncertain. It was told by the
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Austrian doctors that many systems in his body were dysregulated. However, precise
information is not available.

2.2.2.  Two secretaries

Other examples of severe poisoning are the cases of two secretaries in Austria. In the
autumn of 1997, two secretaries commenced working in a new building. Shortly
thereafter both developed signs of dioxin intoxication (Geusau, 2001). A 30 year old
woman developed a centro-facial chloracne after intoxication with about 1.5mg
dioxin, while the other woman, with a lower intake of 0.4mg, had gastro-intestinal
symptoms during several months following the autumn of 1997. Chloracne spreads
over the whole body and is very itchy. A year after intoxication, Patient 1 had only a
few pustules on her back, but a year later her whole back was covered with many
severely inflamed cysts. The level of dioxin in the first secretary was 144.00 pg/g fat
in blood, and of the second 26.000 pg/g fat in blood.

In patient 1, a moderate elevation of blood lipids (cholesterol and triglycerides),
leukocytosis, anaemia, secondary amenorrhoea and a decrease in the number of
thrombocytes (74 x 109 /1) was found.

In patient 2, these parameters were almost normal, although she also demonstrated a
decline in the number of thrombocytes: lowest measured 154 x 10° /1.

Chloracne is a severe skin condition with both hyperkeratotic and hyperproliferative
responses, that is, both altered differentiation and proliferation of the epidermis. In
addition, an inflammatory response is often seen in the dermis. A proliferative
response of multiple cell types in the dermis is involved.

2.3. Hormones

The endocrine system seems to be vulnerable to chemical effects. Free thyroxine
(FT4) was decreased in both secretaries, while in the less intoxicated secretary the
thyroid stimulating hormone (TSH) was increased. DHEAS (dehydro-epi-
androsterone), FSH (follicle stimulating hormone), estradiol, progesterone and
testosterone were all decreased to subnormal levels in patient 1; patient 2 was
normal in this respect except for progesterone. Prolactin was increased in both
patients.

The scales of the skin were highly polluted with dioxins and both secretaries
probably lost much dioxin via this route (Geusau ef al., 2002). The half-life of their
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dioxin concentration was much shorter than usual, probably because of this effect
and possibly through increased (stimulated) liver enzyme activity ( 1.5 and 2.9 years
respectively in secretary 1 and 2 versus 7 years at low background concentrations)
(Geusau et al., 2002).

2.4.  Thrombocytopenia

Thrombocytopenia is an early characteristic parameter of dioxin intoxication.
Thrombocytopenia was seen in BASF workers in 1953 (Ott ef al., 1994), in Japanese
workers (Watanabe et al., 2001), in the above mentioned secretaries and in The
Netherlands in relation to background exposure to dioxins (ten Tusscher et al.,
2003). This might be explained by a shift in the bone-marrow progenitor cells from
megakaryocytes to erythroblasts caused by an accumulation of delta-
aminolaevulinic acid (ALA, figure 2). Figure 2 is based on a compilation of
information in the articles of Piomelli and of Sassa (Piomelli, 1993; Sassa et al.,
1984).

The figure of the heme synthesis pathway demonstrates the route. PCBs and dioxins

induce ALA-synthetase, resulting in an increase in ALA, which is further enhanced
by the inhibiting effect of dioxin on the URO-decarboxylase

Glycine Succinyl CoA

ALA-synthetase H
PCBs,dioxins etc ++
ALA
ALA-dehydratase l <= Lead, heavy metals
PBG
|
URO’GEN
URO-decarboxylase l <= PCB:s, dioxins etc,
mercury, hexachlorbenzene, lead
COPRO’GEN
Ferrochelatase | = —— Lead, heavy metals
HEME
Bilirubin 4+ l
HEMOPROTEIN P450

Figure 2. Heme synthesis

The prognosis of acute poisoning is not good. Chloracne disappears, after an initial
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worsening, slowly during 25 years. Life expectancy is shortened by about 8 years.
Dioxins increase the aging process (Karamova ef al., 2001).

3. Hotspots of dioxin pollution
3.1. Amsterdam Diemerzeedijk 1961-1973

In 1961, open chemical combustions commenced at the “Diemerzeedijk”. In the
period until 1970, between 4,000 and 14,000 tons per year were burned. The
chemical waste came from all over Europe, including Germany, Czechoslovakia and
Finland. Every three months the fires were started and many complaints from the
inhabitants in the surrounding areas were voiced, regarding the smell and the
sedimentation powders that fell over their areas. The site turned out to be highly
polluted with dioxins. Serendipitously, an increase in the number of children with
non-syndromal orofacial clefts was found in this area, close to the place of
incineration. Seven per thousand orofacial clefts were seen in the study area versus
one to two per thousand in the control area. Levels of dioxins were not measured at
the time. The sharp rise in the incidence of cleft lip and palate came as an unpleasant

surprise. In animal studies, dioxins have been shown to cause cleft lip and palate
(ten Tusscher et al., 2000; Abbott, 1995).

Per 1,000 births (live + stillborns)
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Figure 3. Data from Zeeburg maternity clinic in proximity to open burning of chemicals,
Wilhelmina Hospital far west of the incineration site
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Figure 4. Baby with non-syndromal orofacial cleft lip and palate (provided by Janna G.
Koppe)

3.2.  Yusho-disaster 1968

In 1968 an epidemic of a strange disease occurred in Western Japan. The epidemic
concerning 18,000 people was caused by a brand of commercial rice-oil contaminated
with PCBs and related compounds. Clinical signs in adults were pigmentations of
skin, nails and mucous membranes, together with acne-like eruptions on the skin and
an increased eye discharge. Some victims also experienced vomiting, diarrhoea and
jaundice. The disease was named “Yusho”, meaning “oil disease”. 13 pregnant
women, intoxicated during pregnancy, transferred the toxic compounds to their
fetuses with serious effects in the offspring: an increase of congenital malformations
and perinatal deaths. The pronounced skin pigmentation of some affected newborns
resulted in their name: “Coca-Cola” babies. This often occurred in combination with
pigmented nails and gingiva. The babies were growth retarded. Two of the thirteen
babies were stillborn. At follow-up, these children were apathetic and dull with 1.Q.s
in the seventies (normal is 100).

3.3.  Yucheng-disaster 1978

Ten years later, in 1978, a similar disaster took place on Taiwan with more pregnant
women involved. Once again around 2,000 people were intoxicated. An
epidemiologic study was done in 117 children born to women with Yucheng (Rogan
et al., 1988). At birth the children were generally growth retarded, had dysplastic
nails (similar to that seen in phenytoin syndrome), antenatal teeth, spotty
calcifications of the skull, widely open fontanels and conjunctivitis. Many developed
severe respiratory problems in the first year of life and 20 percent died before the
age of four due to this. The children have poorer cognitive development and the
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P300 latencies were significantly longer, suggesting that a higher cortical function
was affected than the sensory pathway. (Chen, 1990; Chen ef al., 1992). There was a
catch-up growth in these children. However, hearing impairment and abnormal
sexual development (smaller penis) have been described (Guo et al, 1993; Guo et
al., 2004). Nail changes were persistent until the age of 11 years. Besides PCBs, the
rice-oil was also contaminated with dioxins, formed after heating of the oil, similar
to in the YUSHO disaster. Abnormalities are probably not only related to PCBs, but
to dioxins formed by heating of the PCB-oil.

3.4. Seveso-disaster 1976

Near the small town Seveso, in Northern Italy, the ICMESA chemical plant was
located. It produced intermediate compounds for the cosmetics and pharmaceutical
industry, including 2,4,5 trichlorophenol (TCP), a toxic, nonflammable compound
used for the chemical synthesis of herbicides. On Saturday, 10 July 1976, a major
chemical accident occurred: a hazardous emission during a period of twenty
minutes. A large area including the communities of Seveso, Meda, Desio, Cesano
and Maderno (all part of the province of Milan) were contaminated. The air
emission contained a total of about 300 kg, including between 300 g and 130 kg of
dioxin, pure 2,3,7,8 tetrachlorodibenzo-dioxin. Three days later, it was learned that
many small animals such as cats and poultry had died in the area, while dogs were
resistant. A week after the incident, Prof. Aldo Cavallaro made the first diagnosis of
a dioxin intoxication. The most striking clinical sign was chloracne as demonstrated
in the child shown in figure 5.

Figure 5. Child living in Seveso showing the characteristic chloracne, developing in the
weeks after an acute intoxication (modified from Bertazzi, 1998)
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Many pregnant women chose to abort their fetus out of fear of congenital
malformations. In a later study, no increase in congenital malformations was noted.
However, in the years 1976-1978, the incidence of aberrant cytogenetic findings in
miscarriages was increased (Bertazzi, 1998).

A new finding was the change in sex ratio, in the offspring of men intoxicated with
dioxins. Sex ratios of the children from exposed fathers and/or mothers were
compared. Serum samples were collected from 239 men and 296 women. 346 girls
and 328 boys were born to potentially exposed parents between 1977 and 1996,
showing an increased probability of female births (lower sex ratio) with increasing
TCDD concentrations in the serum samples from the fathers (p = 0.008) The effect
starts at 15-20 ng per kg bodyweight in fathers and they had to be exposed before
the age of nineteen. Then the sex ratio was 0.38 instead of the expected one of
0.514.

On average, the sex-ratio of the children decreases with increasing paternal TCDD
concentration (Mocarelli et al., 2000): a dose-response effect.

At follow-up of the Seveso population, an increase in various forms of cancer was
seen, although recently this has been denied. Strikingly, in the publication of the
book “Twenty years after Seveso”, an increase in rectal cancer (Bertazzi, 1998) was
described, similar to a Lancet publication of an 11-year old boy exposed to dioxins,
in Times Beach Missouri, where he resided from 1979-1983. Anorectal cancer at
this age is very rare (1 in 10 million). In 1982 a widespread contamination of the soil
took place in Times Beach, due to spraying of unpaved roads with oil containing
waste products (TCDD) of a hexachlorophene factory (Pratt ef al., 1987).

In a recent publication, an increase in breast cancer is published in the Seveso
women, contrary to earlier publications. There is a dose related increase in incidence
and especially in premenopausal women (Koopman-Esseboom et at., 1994). In
addition and epidemiological study on the IARC chlorphenol cohort indicates an
increase in breast cancer ( Vreugdenhil et al., 2002).

3.5. Vietnam: Agent Orange spraying 1962-1971

During the Vietnam war in the period 1962-1971 the herbicide Agent Orange was
used by the American and Allied forces to defoliate the trees, in order to better spot
the enemy. Spraying took place especially around the outer circumference of an
installation/base. Agent Orange, a mixture of the herbicide 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T) and 2,4 dichlorophenoxy-acetic acid (2,4-D), was
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contaminated with dioxins. TCDD content was not measured, but probably varied
between 0.02 and 47 ppm. There is a significant amount of uncertainty about the
quantity of dioxins spread. The total quantity of herbicides disseminated in South
Vietnam is unknown. In total about 67 million litres were used, of which 45 million
were of Agent Orange. In a group of American Vietnam War veterans, the so-called
Ranch Hand cohort, a telephone interview was held in 2000, amongst 1499 Vietnam
War veterans and 1428 non-Vietnam veterans. Hepatitis, poor current health, limited
type and amount of work, and all cancers were significantly increased in the group
of Vietnam War veterans. A significant increase in diabetes was seen in relation to
current dioxin levels in the blood of 385 participants (332 Vietnam veterans and 53
Non-Vietnam veterans, 7.49 ppt in the high group versus 1.79 ppt in the low group
in serum). In contrast, other health conditions mentioned by the interviewed group
were not related to current dioxin levels (Michalek et al., 2001a, b).

In an Australian publication of 8,517 case-controls studied, no increase in congenital
malformations was found in the group of veterans of the Vietnam Army Service
(Donovan et al., 1984).

In the weekly published journal Time (2002), a publication of congenitally
malformed children was published, relating this to the spraying of herbicides under
the civilians in Vietnam. Short stature and eye abnormalities leading to blindness
were seen. The published outcomes have remained controversial, under the guise
that the publication was not scientific, coming from a communist country. For more
information on Vietnam, see the article in this book addressing Agent Orange,
Health Outcomes and Birth Defects.

3.6. Bashkortostan: 1965-1985

Another well-known hot spot is the city of Bashkortostan close to the Russian Urals.
From 1965 to 1985 large scale production of the herbicide 2,4,5-T took place in the
CHIMPROM factory. Workers came into contact with high doses of dioxins,
through the herbicides containing between 30 and 100 mg pure TCDD. In the adults,
the typical clinical signs seen were chloracne, increase in cholesterol and
triglycerides, hypertension and a well documented state of hypercoagulation and an
increase in the hematocrit. Exposed workers died 8 years younger from cancer
compared to a control city, UFA, in the neighbourhood, and mortality in general was
8 years younger, indicating that dioxin stimulates the aging process.

Reproduction was disturbed. There were more spontaneous miscarriages: 6.9%
versus 5.7% in Ufa. There was a preponderance of girls among the first infants, 120
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versus 100: that is, a changed sex ratio similar to that seen in Seveso. A tendency to
chromosome aberrations was found in the peripheral blood lymphocytes (Karamova
etal., 2001).

3.7.  Chapaevsk 1967-1987

This Russian city in the Samara Region has one of the largest documented
environmental polluters: the Middle Volga chemical plant. From 1967 to 1987 the
factory produced hexachlorocyclohexane (lindane) and its derivatives. Currently,
dioxins are found everywhere. The town’s drinking water contains between 28,4-
74,1 pg/litre. Cow’s milk contains levels of 17.32pg TEQ/g fat of pure TCDD. The
mean concentration in human milk was 42 pg TEQ/g fat, but in female factory
workers, levels in blood were 412 pg TEQ/g fat. Both lung cancer and breast cancer
are increased.

Effects on reproduction entailed:

3.7.1.  Prematurity

Significant disruptions in reproductive function were detected. The spontaneous
abortion (miscarriage) rate was 24 %. Premature labour was 45.7% in Chapaevsk,
with half of all women delivering prematurely.

In this respect, the finding of devlieger in Belgium is very interesting. He describes
an unexplained 40% rise in the incidence of prematurity in the period 1991-2001.
This was also seen in France, Norway and the USA. Environmental factors (as is
seen in Chapaevsk) are hypothesized to play a role in this unexplained rise and
research in this area is urgently needed (Devlieger et al., 2005).

3.7.2.  Intra-uterine growth retardation

In Chapaevsk, the number of low birth weight babies was 7.4%, higher but not
statistically significantly higher than the 5.1 — 6.2% of surrounding cities in the
samara region.

3.7.3.  Congenital morphogenetic conditions

The most frequent congenital morphogenetic conditions seen were epicanthus, shawl
scrotum for boys, clinodactyly and broad first fingers of hands. The average rate of
dysmorphic signs was 4.4 per child on a scale of 1-10.
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3.7.4.  Congenital malformations

The average frequency of congenital malformations is 11.8 per 1,000 births and this
is lower than published by Eurocat in Europe. But there is a strikingly significant
increase in congenital hydrocephalus, without spina bifida, and an increase in
agenesis and dysgenesis of the kidney. The latter being a well known congenital
anomaly in relation to dioxin exposure in animals (Revich et al., 2001).
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Figure 6. Congenital malformations in Chapaevsk per 1,000 births. Range (Band) Eurocat

1997. Columns Chapaevsk (1982-1997) No 4 = congenital hydrocephaly, "*" = significant

different from the Eurocat data, no 14 kidneys: a/dysgenesis (Modifed from Revich et al.,
2001)

3.7.5.  Congenital hydrocephaly without spina bifida

The specific finding of congenital hydrocephaly (4/1,000 births) in Chapaevsk is
interesting, since the abnormality is rare and in general 2.0-3.9/10,000 births.
Congenital hydrocephaly without spina bifida is, however, a well-known specific
anomaly seen in the offspring of mothers with type I diabetes (figure 7).

In 1885, Lecorché documented two cases of congenital hydrocephalus in the
offspring of two mothers with type I diabetes (Lecorché, 1885) long before insulin
was used. In Amsterdam, in a group of 173 women with type I diabetes giving birth,
a 10% congenital malformation rate was seen during the years 1963-1979 (Koppe et
al., 1983) and between 16 malformed children, two had a congenital hydrocephalus.
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Figure 7. A child of a diabetic mother, exhibiting congenital hydrocephaly
(Provided by Janna. Koppe)

According to the Priscilla White classification (the higher in the alphabet the more
severe the maternal type I diabetes), the congenital malformations in this group of
mothers were the following:

- Group A: one case: Down’s syndrome,

- Group B: three cases: inguinal hernia, Down’s syndrome, heart
defect + costovertebral anomaly,

- Group C: five cases: heart defect + situs inversus, large
haemangioma, Pierre-Robin sequence, sacral agenesis, congenital
hydrocephaly,

- Group D: seven cases: heart defect + sacral agenesis + anus atresia
+ rectal atresia, misformed ribs and congenital hydrocephaly,
misformed ears, urethral stenosis, double scrotum with repeated
urinary tract infections, accessory ears, sacral agenesis (Koppe et
al., 1983).

Congenital malformations are still a problem in the offspring of mothers with
diabetes. Meticulous control of blood sugar levels three months before conception
helps to lower the rate, but not all can be prevented.
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3.7.6.  Increasing type I diabetes

The incidence of type I diabetes has increased over the last decade, probably as a
result of environmental factors (Gillespie et al., 2004). This will probably lead to an
increase in congenital malformations in the near future.

4. The role of vitamin A

Vitamin A is necessary for the mono-glycosylation of proteins. Animals deficient in
vitamin A are more susceptible to negative effects of poly-aromatic-hydrocarbons
(PAHs), like dioxins. In animal experiments the effect of PAHs are reversed with the
help of extra vitamin A (Aust, 1984).

An aberrant glycosylation is also hypothesised to be the cause of congenital
malformations in the offspring of mothers with type I diabetes. The higher her
concentration of HbA1c (glycosylated hemoglobin) the more chance there is that the
child will be malformed.

An interesting article in science focuses, on retinoic acid (Keegan et al., 2005).The
authors emphasise the importance of vitamin A already during the phase of
gastrulation, for a balance between cardiac and non-cardiac identities. This is
important for the prevention of cardiac malformations and abnormalities in the
skeleton, vertebrae and ribs (Box 1). Combinations of these anomalies are often
found. See also the congenital malformations summated above in the Amsterdam
group of babies of mothers with type I diabetes.

Box 1. Relation between retinoic acid, and cardiac differentation in Zebra-fish. Reprinted
abstract with permission from Keegan et al. Retinoic Acid Signaling Restricts the Cardiac
Progenitor Pool. Science 2005; 307:247-9. Copyright 2005 AAAS.

“Organogenesis begins with specification of a progenitor cell population,
the size of which provides a foundation for the organ’s final dimensions.
Here, we present a new mechanism for regulating the number of
progenitor cells by limiting their density within a competent region. We
demonstrate that retinoic acid signaling restricts cardiac specification in
the zebra-fish embryo. Reduction of retinoic acid signaling causes
formation of an excess of cardiomyocytes, via fate transformations that
increase cardiac progenitor density within a multipotential zone. Thus,
retinoic acid signaling creates a balance between cardiac and non-cardiac
identities, thereby refining the dimensions of the cardiac progenitor pool.”
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It is well known that dioxins and other PAHs lower the levels of, and interfere with,
retinoic acid metabolism and depletion in the liver is found after dioxin intoxication
(ten Tusscher et al., 2003).

Vitamin A is an important vitamin, with a surplus and a deficit both being
detrimental to the developing embryo.

In the light of the recently published knowledge in Science, it is of concern that a
Dutch study of preconceptional nutritional intake, found that 48 % of women, trying
to fall pregnant, have a diet deficient in vitamin A (de Weerd, 2003).

5. Conclusion

Dioxins cause congenital malformations, prematurity and intra-uterine growth
retardation, as seen in various pollution hot spots. In regions with lower background
concentrations, like Europe, there is no indication of an increase in congenital
malformations in relation to dioxins.

Analyses of individual congenital malformations, cleft lip and palate and renal
abnormalities, like agenesis and dysgenesis, are described in humans, and in animal
experiments (see Amsterdam Diemerzeedijk and Chapaevsk).

The novel finding in Chapaevsk of a high incidence of congenital hydrocephaly
without spina bifida is alarming. This rare condition is also seen in the offspring of
mothers with type I diabetes. Abnormal glycosylation is assumed to play a role in
causing the malformations in mothers with type I diabetes as expressed a.o. in an
increased level of Hemoglobin Alc. In animal experiments, vitamin A may
counteract the negative effects of PAHs, including dioxins.

A meticulous care to establish a balanced vitamin A status periconceptionally is
recommended.
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Summary

There are many difficulties in establishing a causal link between exposure to
chemicals and human diseases or disorders, when a mixture of chemicals is the
causal factor under examination, and when controls have also some degree of
contamination. Despite this, significant risk increases have been demonstrated for
various congenital malformations including central nervous system, cardiovascular,
urogenital and limb defects, and orofacial clefts, all of which have been shown after
parental exposure to several or to specific pesticides. The same has been observed
for intra uterine growth retardation and neurodevelopment impairments, involving
short term or longer term functional anomalies. However, so far, epidemiological
research has had very little influence on the authorisation of pesticides.

The adequacy of the risk assessment, which is the basis of the authorisation of
Pesticides Directives, is questioned. The shortcomings in active substance regulatory
testing are highlighted, together with the lack of consideration for combined effects,
potential toxicities of formulated products, the poor consideration of vulnerable
groups, and pesticide exposure evaluation deficits.

In order to compensate for the shortage of information and for the potentially large
societal costs of filling this deficit, arguments are presented for the adoption of
precautionary exposure reduction measures. These could include exclusion criteria
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based on pesticide intrinsic properties, the substitution principle and mandatory
national pesticide dependency reduction programmes, with targets and timetables,
accompanied by a significant promotion of low input crop production systems.

These cost effective precautionary measures, to prevent or reduce health impacts of
pesticides, should now be considered for adoption as the revision of the plant
protection products authorisation Directive and a Thematic Strategy on the
sustainable use of pesticides are on the political agenda.

1. Introduction

Pesticides are synthetic chemicals developed to kill or control certain organisms
and, as a consequence, having the potential to cause adverse effects to non-target
organisms. However, most of time their use involves deliberate release into the
environment.

This paper reviews epidemiological findings, illustrating the degree of association
between parental pesticides exposure and congenital diseases, as well as some
experimental findings. At the same time, it will discuss the limitations of the tests
required in the pesticides authorisation Directives which contribute, together with
poor evaluation of exposure, to the inaccurate assessment of the risk, which is the
basis for the authorisation of each individual pesticide. This paper also discusses key
precautionary policy measures which need to be adopted, in order to reduce
exposure to pesticides and to prevent pesticide contribution to diseases.

Establishing a causal link between exposure to one specific pesticide or several
pesticides and health problems is difficult, as human diseases or health disorders are
the result of many interacting influences, including radiation, chemicals, genetic
background, lifestyle choices, and dietary habits. Only when a chemical or a group
of chemicals exert a very strong impact has it been possible to highlight an
association. It is much more difficult to prove small but existing influences of
chemicals on health. A weak association is largely attributable to the lack of
specificity of association, when a mixture is the causal factor under examination. In
the case of pesticides, it is often difficult to isolate the effects of specific products
because, in many cases, there are simultaneous exposures to several pesticides and
the type of pesticides used varies with the season. Moreover, the power of
epidemiology is further weakened, as there are no true control groups. Everyone has
some degree of contamination with relevant pollutants. Studies focusing on
gestational exposure are, however, of particular interest, as they consider the most
important potential link between endocrine disrupters and human health.
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The difficulties in assessing real risk and determining a causal link are underlined by
an increasing number of scientists, including health professionals (Sanborn et al.,
2004; Paris Appeal, 2004; Prague Declaration, 2005), who call for precautionary
exposure reduction. These calls are timely, as modifications to the pesticides policy
are now being prepared at European level. The European Commission is soon to
publish a proposal for revision of the Directive 91/414/EEC of 15 July 1991
concerning the placing on the market of plant protection products. Moreover, a
Commission’s proposal for a Thematic Strategy ‘on the sustainable use of
pesticides’ will address the use phase of pesticides, which up to now has not been
regulated at all, as only the authorisation phase was addressed These proposals will
have to be discussed and finally adopted by the European Parliament and the
Council during 2006-2007.

2. Congenital disorders

Congenital disorders are, of course, only one of the numerous health outcomes
associated with pesticides exposure, as shown in the ‘Systematic Review of
Pesticides Human Health Effects’ coordinated by Sanborn et al., 2004. Congenital
disorders include congenital malformations but also functional impairments
expressed later in life and likely to result from embryo/fetal exposure during key
windows of sensitivity.

As far as embryos, fetuses and infants are concerned, many pesticides are
transferred across the placenta and via breast milk. Moreover, since in the female,
ova are formed in the fetal stage of development, and environmental contaminants
have been found in follicular fluid, the next generation of children may be affected
by their grandmother’s exposure (Chance and Harmsen, 1998). Mothers can be
directly exposed through food, water and other drinks, occupational use, gardening
and household use (including by handling of treated pets), use by professional
applicators, and if the house is located near sprayed field or in an intensive pesticide
use area. Mothers can also be indirectly exposed by their partner’s professional or
amateur use. Indeed, pesticides and dust with adsorbed pesticides can be brought
back home on clothing, shoes, vehicles...

For most of the epidemiological studies mentioned, more information on the
methodological aspects, such as population description; pesticide types and
exposure assessment; covariates; statistical analysis; as well as on the quality rating
of the studies, can be found in the review of Sanborn et al. (2005).
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2.1 Congenital malformations

The prevalence of birth defects is usually derived from data on fetuses that survive
until birth. However, such an approach ignores malformations associated with
syndromes incompatible with fetal life or those borne by fetuses electively aborted
due to prenatal screenings. Despite those limitations, increases in risks associated
with pesticides exposure have been shown for various birth defects.

2.1.1.  Several birth defects

A case control study conducted in Spain (Garcia ef al., 1998) showed an association
between paternal agricultural work and various congenital malformations, such as
nervous system, cardiovascular, musculoskeletal, other multiple and unspecified
defects, oral clefts and hypospadias/epispadias. Some increased risks were shown
for aliphatic hydrocarbons (adjusted Odds Ratio (OR) = 2.05 (0.62-6.80), inorganic
compounds (adjusted OR = 2.02 (0.53-7.72) and glufosinate (adjusted OR = 2.45
(0.78-7.70) as well as a significant association for pyridil derivatives (adjusted OR =
2.77(1.19-6.44). Garcia et al. (1998, 1999) subsequently defined two exposure
periods: the acute risk period (father three months prior to conception and/or first
trimester of pregnancy and mother one month prior to conception and/or first
trimester of pregnancy) and a non acute risk period. The authors showed a
significant association between maternal agricultural work in the acute risk period
and the birth defects mentioned in the 1998 publication (adjusted OR = 3.16 (1.1-
9.0)). Fathers who reported ever handling pesticides had an adjusted OR = 1.49
(0.94-2.35), mainly related to an increased risk for nervous system and
musculoskeletal defects.

Another case control study conducted in Finland (Nurminen et al., 1995) showed an
association between parental agricultural pesticides exposure and pooled birth
defects (orofacial clefts, central nervous system and skeletal defects). The adjusted
OR for agricultural work in the first trimester of pregnancy was 1.4 (0.9-2.00).
Pesticides used include 2,4-D, MCPA and dimethoate.

In a retrospective cohort study, Crisostomo and Molino (2002) recorded exposures
three months before conception up to the first trimester of pregnancy and showed
that conventional pesticide users in the Philippines were four times more at risk for
birth defects (spontaneous abortion, various birth defects and preterm delivery), OR
= 4.56 (1.21-17.09), than farmers using integrated pest management (IPM).

One Minnesota study (Garry et al., 1996) showed the highest rate of a variety of
birth anomalies per 1,000 live births for pesticide applicators: 30.0 versus 26.9 for
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the general population, the lower rates occurring in non-crop regions. Adjusted OR
for all anomalies was 1.41 (1.18-1.69) comparing with general population.

Sherman (1995) reports data on four cases involving an unusual pattern of birth
defects affecting the eye, ear, palate, teeth, heart, feet, nipples, genitalia and brain.
Each of the children was exposed in ufero to a pesticide product containing
chlorpyrifos. Romero ef al., (1989) observed multiple cardiac defects, bilateral optic
nerve colobomas, microphthalmia, cerebral and cerebella atrophy and facial
anomalies at birth after a mother’s contamination, due to entering a cauliflower field
contaminated with residues of oxydemeton methyl, mevinphos and methomyl, when
the fetus was 4 weeks old.

2.1.2. Central nervous system defects

A case control study (Shaw et al., 1999) in the USA showed, for mothers exposed
one month before and three months after conception, a significant increased risk for
neural tube defect with an OR = 1.6 (1.1-2.5) when professionals applied pesticides
to their homes and an OR = 1.5 (1.1-2.1) when they lived within 0.25 miles of an
agricultural crop.

A Norwegian case control study (Kristensen et al., 1997) showed an OR = 3.49
(1.34-9.09) for hydrocephaly associated with parental agricultural work exposure in
orchards and greenhouses and an OR of 2.76 (1.07-7.13) for spina bifida.

2.1.3. Cardiovascular defects

A case control study (Loffredo et al, 2001) in Maryland and Virginia (USA)
resulted in an association between mothers exposed to any pesticides during the first
trimester of pregnancy as well as during the preceding three months and
transposition of the great arteries: OR = 2.0 (1.2-3.3). The OR was 2.8 (1.3-7.2) for
maternal exposure to herbicides, 4.7 (1.4-12.1) for exposure to rodenticides in the
form of pellets, powder or food imitators and 1.5 (0.9-2.6) for exposure to
insecticides.

Bivariate analysis of total anomalous pulmonary venous return and exposure in life
style, hobbies and work showed association for exposure to pesticides (OR = 2.7
(1.2-6.4) in the Baltimore — Washington Infant Study (Correa-Villasenor et al.,
1991).
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2.14.  Orofacial clefts

In a case control study (Nurminen et al., 1995), oral clefts were associated with
parental agricultural work: adjusted OR = 1.9 (1.1-3.5).

In another case control study (Shaw et al., 1999), multiple cleft lip with/without
cleft palate was associated with paternal occupational and household exposure one
month before and three months after conception : OR = 1.7 (0.9-3.5).

2.1.5. Urogenital defects

In an ecological study (Garcia ef al., 1996) in Spain, provinces were categorized by
four levels of exposure to pesticides. Cases of orchidopexy were associated with the
three highest levels of exposure (OR = 2.32 (1.26-4.29)) and the increase of risk was
positively correlated with the exposure level: OR = 2.54, 4.29 and 5.74 for levels of
exposure 1, 2, 3, respectively.

In a Norwegian retrospective cohort study (Kristensen et al., 1997), parents’
pesticides exposure, based on money spend on the farm to buy pesticide and on
tractor spraying equipment, was significantly associated with cryptorchidism and
hypospadias: OR = 1.7 (1.16-2.50).

Weidner et al. (1998) in Denmark investigated, in a registered-based case control
study, parental occupation in the farming and gardening industry, among cases of
cryptorchidism and hypospadias. They showed that the risk of cryptorchidism but
not hypospadias was significantly increased in the sons of women working in
farming or gardening (OR = 1.38 (1.10-1.73)). The risk was more pronounced in the
sons of women working in gardening (OR = 1.67 (1.14-2.47).

A Dutch case control study (Pierik et al., 2004) related to cases of cryptorchidism
and hypospadias confirmed the previous findings of Weidner and found that paternal
pesticide exposure was associated with cryptorchidism (OR = 3.8 (1.1-13.4).

2.1.6.  Limb defects

Engel et al. (2000), in a retrospective cohort study in Washington State, compared
infants of mothers professionally exposed to pesticides with those of mothers not
exposed, as well as with those of mothers whose husbands were professionally
exposed. They found an increased level of limb defects for mothers agriculturally
exposed (OR =2.6 (1.1- 5.8)).
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Table 10. Congenital malformations epidemiology
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Authors

Exposure

Pesticide type ~ Malformations

OR

Garcia et al.,
1998

Garcia et al.,
1999

Nurminen ef al.,
1995

Crisostoma et
al., 2002

Garry et al.,
1996

Paternal
agricultural work

Parental
agricultural work
during acute risk
period

(1-3 months prior
to conception and
first trimester of .
pregnancy)

* maternal

* paternal

Parental
agricultural work
during first
trimester of
pregnancy

Parental
agricultural work
during 3 months
before and first
trimester
pregnancy
Conventional
pesticide users
compared to [IPM
users

Parental
agricultural work

* Aliphatic Various
hydrocarbons

* Inorganic
compounds

* Glufosinate

* Pyridil
derivatives

Various

* includes 2,4- Various

D, MCPA,

dimethoate Oral clefts

Various

Various

2.05 (0.62-6.80)

2.02 (0.53-7.72)

2.45 (0.78-7.70)
2.77 (1.19-6.44)

3.16 (1.10-9.0)
1.49 (0.94-2.35)

1.40 (0.90-2.00)

1.90 (1.10-3.50)

4.56 (1.21-17.09)

1.41 (1.18-1.69)
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Table 10. (Continued)

Authors Exposure Pesticide type Malformations OR
Kristensen et al., Parental 3.49 (1.34-9.09)
1997 agricultural work Spina bifida  2.76 (1.07-7.13)
in orchards and
greenhouses Chryptorchidis  1.70 (1.60-2.50)
Parental m and
:ig:rral work hypospadias 5 50 (1.06-5.90)
limb reduction
agricultural work
in grain farming
Shaw et al., Mothers exposed Neural tube
1999 3 months before defects
and 3 months
after conception
* Indooruse 1.60 (1.10-2.50)
* Proximity 1.50 (1.10-2.10)
sprayed
fields )
Fathers’ Multlple cleft 1,70 (0.90-3.40)
. lip
occupational and (withAwithout
household
cleft palate)
exposure 1 month
before and 3 after
conception Limb 1.60 (1.00-2.70)
Mothers exposed anomalies
after professional
application at
home 1 month
before and 3
months after
conception
Loffredo er al.,  Mothers exposed * All pesticides Transposition  2.00 (1.20-3.30)
2001 3 months before o Herbicides of great 2.80 (1.30-7.20)
and3months . Rodenticides  2rteries 470 (1.40-12.10)
after conception | cticides 1.50 (0.90-2.60)
Correa-Villasnor Parental exposure Total 2.70 (1.20-6.40)
etal, 1991 anomalous

venous return
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Table 10. (Continued)

Pesticide Malformations OR

type

Authors Exposure

Garcia et al.,
1996

Weidner et al.,

1998

Pierik et al.,
2004

Engel et al.,
2000

Schwartz and
Logerfo, 1988

Kricker et al.,
1986

Provinces

characterized by 4

levels of exposure

* For the 3
highest levels
of exposure

Mothers in
farming/gardening

Mothers in
gardening

Maternal
agricultural work
Maternal
agricultural work
Mothers in
counties of:

* high
agricultural
productivity

* high pesticide
use

Maternal

professional/house

- hold exposure

during first

trimester

pregnancy

e for 1 exposure

e for more than 1
exposure

Orchidopexy

Cryptorchidism

Cryptorchidism

Cryptorchidism

Limb defects

Limb reduction

Limb reduction
+ 1 other
anomaly

Limb reduction

Limb reduction
+ 1 other
anomaly

Limb reduction

2.32(1.26-4.29)

1.38 (1.10-1.73)

1.67 (1.14-2.47)

3.80 (1.10-13.40)

2.60 (1.10-5.80)

(RR)

1.70 (1.10-2.70)

2.40 (1.20-4.70)

1.90 (1.20-3.10)
3.10 (1.50-6.50)

(RR)

3.10 (1.80-5.30)
7.00 (2.80-17.50)
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Kristensen et al. (1997) found an association between parents in grain farming and
limb reduction defects (OR = 2.50 (1.06-5.90)) and Shaw et al. (1999) established
that women exposed during one month before and three months after conception
who reported that a professional applied pesticides to their home had increased risk
for limb anomalies (OR = 1.6 (1.0-2.7)).

A case control study (Schwartz and Logerfo, 1988) using California birth records
from 1982, 1983 and 1984, compared cases with limb reduction defects and
randomly selected controls with regard to parental occupation and maternal county
of residence. The relative risk (RR) among mothers who resided in a county of high
agricultural productivity, as compared with minimal agricultural productivity, was
1.7 (1.1-2.7), while the RR associated with residence in a county with high pesticide
use, compared with minimal pesticide use, was 1.9 (1.2-3.1). When they limited the
cases to children with limb reduction defects who had at least one additional
anomaly, and compared them to the control births, the corresponding RR were 1.6
(0.7-3.6) for parents involvement in agricultural work, 2.4 (1.2-4.7) for a county
with high agricultural productivity and 3.1 (1.5-6.5) for a county with high pesticide
use.

Lin et al. (1994), in a case-referent study utilizing New York State congenital
malformation register data, did not find significant positive association between
parental farming occupations and potentially pesticide-exposed occupations and
overall limb reduction defects. However, when considering the group of limb
reduction defects associated with other congenital defects, a weak but consistent
positive association was shown with parental involvement in either pesticide-
exposed work or agricultural occupations.

An Australian study (Kricker et al., 1986), showed limb reduction associated with
maternal professional/household exposure: RR = 3.1 (1.8-5.3) for one exposure
during the first trimester of pregnancy and 7.0 (2.8-17.5) for more than one exposure
during that particular period.

2.2, Other congenital disorders

Other congenital disorders associated to pesticide exposure can be the result of short
or longer term functional anomalies and include those linked to intrauterine growth
retardation (IUGR) or neurodevelopmental impairment.
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2.2.1.  Intrauterine growth retardation

IUGR, usually defined as birth weight below the 10th percentile of a reference
standard for a given gestational age, could be considered as a functional congenital
disorder. It is indeed associated not only with poor neonatal health but with
considerable chronic problems in adulthood, such as hypertension, type 2 diabetes,
atherosclerosis and cardiovascular disease (Barker et al, 2002). Sanborn et al.
(2004) reviewed ten papers from Europe, the United States, Canada, Mexico and the
Philippines, to examine the association between pesticide exposure and birth weight,
IUGR, “small for gestational age” and preterm delivery. The results of this review
suggest that there may be a possible association between occupational exposure to
agricultural chemicals and IUGR but, according to the reviewers, there is a need for
more advanced study design that include precise measurements of the date of the
last menstrual period.

2.2.2.  Neurodevelopmental impairments

As underlined by Schettler et al. (2000), it is widely recognised that
neurodevelopmental disorders result from complex interactions among genetic,
environmental and social factors, that impact progeny during vulnerable periods of
development. However, the toxic exposures deserve special scrutiny because they
are preventable causes of harm. Those impairments include attention deficit
hyperactivity disorder (ADHD), learning disabilities, mental retardation, autism and
autism-like disorders, memory losses, aggressive behaviour and dyslexia. They also
could include reading skills, intro/extraversion, social adjustment, attention span and
impulsivity.

Schettler et al. (2000) report on the contribution of chemical contamination,
including pesticides to an epidemic of developmental, learning and behavioural
disabilities affecting America’s children today. The authors of the 2003 Commission
baseline report on neurodevelopmental disorders (Commission Baseline Report on
neurodevelopmental disorders, 2003) stated that recent data confirm, for the
European Union, the apparent increase in ADHD, autism and neurobehavioral
problems but were of the opinion that it is hard to say whether such increase is due
to broader diagnostic criteria or to environmental factors. These authors, however,
acknowledged that the rise in hypospadias could be correlated with a rise in
neurodevelopmental disorders, as the same hormone disruption mechanism could be
involved.

Extensive information on neurodevelopmental properties of toxicants is only
available for a few chemicals. Regulatory toxicity testing for pesticides does not yet
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allow the detection of toxicities to a human’s developing brain. Moreover, as new
research is contemplated, a question can be raised about the degree to which animal
data can predict neurological consequences of exposure in humans. Rice et al.
(1996) concluded that rodent studies often vastly underestimate the sensitivity of the
human brain.

Brain development begins early in the uterus and continues into adolescence.
According to Laessing et al. (1999), it is known to be subject to environmental
influences at all phase of development (cellular division, migration, differentiation,
formation and pruning of synapses, apoptosis and myelination). Interference with
any stage of this cascade of events may alter normal progression of subsequent
stages, so that even short-term disruptions may have long-term effects later in life.
Each of these events is subject to disruption by environmental agents, and brain and
behaviour are likely to be the most sensitive endpoints vulnerable to endocrine
disruption. Thyroid hormones play a major role. Sex steroids contribute to, among
other factors, sexual differentiation of the brain centres, and thereby, to the
development of sexual identity and sexual behaviour. It is therefore perfectly
possible that subtle neurodevelopmental effects arise from low-level exposures to
pesticides, some of which are by design neurotoxic.

Human studies relating to pesticide impacts on neurodevelopment are very scarce.
Neurodevelopmental effects, such as impaired stamina coordination, memory and
capacity to represent familiar subjects in drawing, were found in pre-school children
in pervasive pesticide exposure situations in Mexican valley agriculture, and likely
resulted from maternal, in utero, and early childhood exposures (Guillette et al.,
1998). A variety of organochlorine pesticides were measured in the umbilical chord,
blood and breast milk of individuals in the pesticide-exposed community but
additional exposure to other pesticides were also likely. Garry ef al. (2002) showed,
in Minnesota, adverse neurological and neurobehavioral developmental effects
among the children born to users of glyphosate (OR = 3.6 (1.3-9.6)).

If human studies are scarce, specifically designed animal studies show
neurodevelopmental impairments caused by some organophosphate, carbamate,
organochlorine and pyrethroid pesticides (Ahlbom et al., 1995; Spiker and Avery,
1977; vom Saal et al., 1995; Malaviya et al., 1993; Commission Baseline Report on
neurodevelopmental disorders, 2003). For instance, offspring of rats given the
organophosphate chlorpyriphos, at 6.25, 12.5 and 25 mg/kg/day by injection at days
12-19 of gestation, had fewer muscarinic cholinergic receptors in their brains and
markedly altered righting reflex and cliff avoidance tests (Chanda and Pope, 1996).
In addition, when rats are treated by gavage with 5 mg chlorpyriphos /kg/day at
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gestational day 6 until postnatal day 11, offspring have a decreased brain weight and
a decreased auditory startle response (Makris et al., 1998). Other tests on rats
showed that chlorpyriphos also decreases DNA synthesis, independent of its
cholinergic mechanisms, resulting in deficits in numbers of cells in the developing
brain. The low concentration of chlorpyriphos necessary to impair DNA synthesis
and cell division are actually lower than exposure levels of children under some
pesticide home-use conditions (Slotkin, 1999; Campbell et al., 1998). According to
Slotkin (2004), these effects occur at exposure levels that did not elicit the
traditional signs of cholinergic hyperstimulation and that were devoid of apparent
systemic toxicity. Accordingly, the ability of chlorpyriphos to elicit developmental
systemic toxicity became disconnected from the accepted methods of detection and
hence from the existing regulatory guidelines. Many recent publications describe
further the neurodevelopmental effects of chlorpyriphos. However, despite these
findings, chlorpyriphos has just been reviewed and accepted on the EU positive list
of the authorisation directive 91/414/EEC. Doses of 0.5 mg/kg of the organochlorine
DDT were given on day 3, 10 and 19 of life, to mice which were examined at 4
months of age. The young animals exposed at day 10 of age were the only ones to
show significant increases in activity at adult age and decreases in muscarinic
cholinergic receptor levels (Eriksson et al., 1992). These results show a short
window of vulnerability. Mice given small doses such as 0.21, 0.42, 0.70 and 42
mg/kg of the pyrethroid bioallethrin I on day 10 of life show reduction in muscarinic
cholinergic receptor levels and hyperactivity (Eriksson and Fredriksson, 1991).

Table 11. Other congenital disorders epidemiology

Authors Exposure Pesticide type Other disorders OR
Garry et al., Parental Glyphosate Neurological 3.60 (1.30-
2002 agricultural and behavioural  9.60)
work effects
Guillette et Maternal Organochlorines Lower stamina,
al., 1998 exposure + other pesticides  ability to catch
balls, memory,
fine eye-hand
coordination,
ability to draw a
person.
Sanborn et Parental Intrauterine Possible
al., 2004 occupational growth association but
review of 10 exposure retardation need for more

papers

advanced study
design
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The hyperactivity of the adult mice increased with increasing level of exposure
through the 0.70 mg/kg dose but then fell sharply with the 42 mg/kg dose. This
means that testing at higher doses of exposure may fail to identify an adverse effect
only seen at lower doses of exposure. Current methods for dose selection for
pesticide regulatory testing may miss this effect and should be re-examined. Porter
et al. (1999) exposed adult mice to mixtures of aldicarb, atrazine and nitrates in their
drinking water, at concentrations within the range of exposures regularly
encountered in human drinking water in mid-West agricultural regions of the United
States. They found, among other effects, that mice became significantly more
aggressive after exposure.

3. Does European pesticide policy protect our health?
3.1.  The plant protection product authorisation directive

The risk assessment is the basis for inclusion on a positive list of active substances
accepted at European Union level and hence for their authorisation in pesticide
products. However, the risk is not properly assessed, as both toxicity and exposure
are poorly evaluated.

3.1.1.  Regulatory testing shortcomings

In Directive 91/414/EEC concerning the placing on the market of plant protection
products, there are still no specific tests for the identification of possible endocrine
disrupting properties of the active substance. The 90-day oral toxicity study in
rodents gives only an indication of immunological effects (OECD Test Guideline
(TG) 408, incorporated in Directive 2001/59/EC, 28th adaptation to technical
progress of directive 67/548/EEC, since end of August 2001 and hence of
application in Directive 91/414/EEC). Neurotoxicity testing in adults has only been
mandatory for some neurotoxic pesticides, such as organophosphates and
carbamates.

Core tests required for the active substance, such as the multigenerational teratology
short term toxicity and long term toxicity/carcinogenicity and eventually
neurotoxicity tests, may indicate a potential impact on the developing nervous,
immune, reproductive or endocrine systems. However, some pesticides may have
effects on these systems, in the absence of any sign from the results of these core
tests (Tirado, 2002; EU SCF, 1998).
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Developmental neurotoxicity tests are rarely conducted on the active substance of
pesticides. The OECD has prepared a draft Test Guideline, TG 426 on
developmental neurotoxicity studies, but this test is not yet a requirement under the
authorisation Directive. Of critical concern is the possibility that developmental
exposure to neurotoxicants may result in an acceleration of age-related decline in
function (Reprosafe Conference, 2003)

Some active substances may interfere with the developing immune system and give
rise to persistent adverse effects, such as reduced ability to respond to immune
challenge. Therefore, the EU SCF 1998 noted the need to consider the criteria that
might trigger a requirement for immunotoxicity studies in developing animals.

As far as developmental endocrine and reproductive toxicities are concerned, the
multigenerational study (usually two generations) and the teratology study designs
(respectively following OECD TG 416 and 414, as since 5 July 2004 those testing
requirements are incorporated in Directive 2004/73/EEC, 29th adaptation to
technical progress of Directive 67/546/EEC and hence of application in Directive
91/414/EEC) do not adequately detect all endocrine disrupting effects of active
substances. Therefore, they are in the process of being updated. All vulnerable
periods of development are covered only in the two-generation study design. Late
effects are partly covered in young adults, especially in relation to reproductive
function and developmental neurotoxicity, but potentially important late effects are
not assessed (Reprosafe Conference, 2003). Effects becoming manifest during
ageing, including cardiovascular and various metabolic diseases, are not included in
the guidelines for reproductive toxicity. Besides these limitations, it has to be
remembered that, before 5 July 2004, tests in Directive 91/414/EEC for two-
generation and teratology studies were done according to Directive 88/302/EEC of
18 November 1987, adapting to technical progress for the 9th time Council
Directive 67/564/EEC, and were, consequently, even much less developed. This
implies that normally all existing and new active substances accepted on the
European positive list, but still tested according to Directive 88/302/EEC test
requirements, may be even less screened for potential developmental toxicity
properties and that pesticides presently on the market in Europe are very unequally
tested.

3.1.2.  No consideration for combined effects

Even the known cumulative effects of multiple pesticides that have a common
mechanism of toxicity are not considered. Moreover, recent studies have shown, in
humans (Zeliger, 2003) as in vitro (Seralini, 2003; Howard, 2003; Richard et al,,
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2005), that pesticides mixture effects can occur, even when each component is
present at a dose that individually is not supposed to produce effects, and can even
produce unpredictable new effects. These observations undermine the belief that
threshold doses can be applied meaningfully for the risk assessment.

3.1.3.  Toxic properties of the formulated products are not properly evaluated

According to annex III of Directive 91/414/EEC, for formulated products those
toxicological studies which are required are limited to acute toxicity. So-called inert
ingredients added to the formulated product are not tested but only the available
toxicity data relating to those non-active substances are considered. The new
authorisation legislation in preparation could, however, require some testing for
some formulants such as safeners and synergists. Those substances would also have
to be accepted, or not, onto a EU positive list. Some in vitro studies show that
combined effects can occur, between the active ingredients in the product and its
inert ingredients (Howard, 2003; Seralini, 2003). For instance, new findings
(Richard et al., 2005) show that Roundup can have endocrine disrupting properties
and that its formulation products amplify the effects of the active ingredient
glyphosate.

3.1.4.  No systematic review of the scientific literature is required

Data in the open literature, generated from studies that do not comply with the
current test guidelines, should be taken more into account in risk assessment. This
view was also expressed in its Opinion of November 2003 by the Commission’s
Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE). The
CSTEE noted that available data on endocrine disrupter effects, especially for
pesticides, have not been used to any great extent in risk assessment under Directive
91/414/EEC and considered that this information should be assessed (Opinion of the
Scientific Committee on Toxicity, 2003)

3.1.5. No exclusion criteria are defined for active substances, based on intrinsic
properties

As the authorisation of each pesticide is based on risk assessment, pesticides
showing toxic properties of concern in regulatory tests can continue to be marketed
if their individual exposure is estimated to be too low to result in an unacceptable
risk for humans or the environment.

A fundamental element of risk assessment is the assumption of a threshold dose
below which there are no effects. For instance, as declared by Kortenkamp et al.
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(2005), co-signatories of the Prague Declaration, this may not be tenable when
dealing with endocrine disrupters, because certain hormonally active chemicals act
in concert with natural hormones already present in exposed animals.

Additional and more stringent exclusion criteria for persistence and bioaccumulation
are also needed. At present, according to annex VI of Directive 91/414/EEC, a plant
protection product cannot be authorised if the half life of the active substance or of
relevant residues in soil exceeds 3 months. No cut-off criteria is given for
persistence in other media. Where there is a possibility of aquatic organisms being
exposed, a bioconcentration threshold factor of the active substance in those
organisms of 1,000 or 100 has been defined, beyond which no plant protection
product can be authorised, being 1,000 or 100 according to the degree of persistence
of the active substance. When there is a possibility of birds and other non target
terrestrial vertebrates being exposed, the product cannot be authorised if the
bioconcentration factor related to their fat tissue exceeds 1, after normal use of the
product.

3.1.6.  Exposure evaluation deficits

To assess the risk of each pesticide, exposure of organisms is calculated using
mathematical models, assuming normal conditions of use for the product. Pesticide
use data are rare and incomplete in Europe. Until now, sales data have usually been
used as a proxy for use data, which is rather imprecise. According to Eurostat,
Member States usage data are shown to be different to that of the pesticides
industry. Therefore, Eurostat is developing a Regulation on the collection and
reporting of data on the sales and use of pesticides. Farmers will, as of January
2006, have to make a record of all their pesticides applications, according to
Regulation EC/852/2004 concerning the hygiene of foodstuffs. This will help
Member States to report usage data to Eurostat, which will publish regular reports.
A publicly accessible geographical mapping of each pesticide use would indicate hot
spots of exposure and meet citizens’ right to know, but there is no guarantee that
such reporting will be requested. Moreover, aggregate exposure, the total exposure
to a pesticide, occurring via all routes and pathways such as inhalation, dietary and
non-dietary ingestion and dermal contact, are not considered in the risk assessment.
No data of human biomonitoring are available for risk assessment at European level.

3.1.7.  The substitution principle and comparative assessment are not considered

If a substance is of concern and if there are one or several other substances for the
same product type, or other non-chemical methods or practices of crop management
which present less risk to health and environment, this substance of concern should
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be replaced. This substitution principle will probably be integrated in the review of
the authorisation Directive, but its relevance will depend on the criteria used to
define a substance of concern and on whether non-chemical practices of crop
protection are considered.

3.2.  The thematic strategy on the sustainable use of pesticides

According to the Commission Communication COM (2001) 31 of 24 January 2001
on the Sixth Environmental Action Programme, there is a sufficient evidence to
suggest that the scale and trends of problems caused by pesticides are serious and
growing. Therefore, in order to guarantee a high level of health and environmental
protection, the Decision No 1600/2002 of 22 July 2002, laying down the
Community Environmental Action Programme 2001-2010, calls to elaborate a
Thematic Strategy on the sustainable use of pesticide to address the use phase of
pesticides and to achieve (art. 7, 1, Sth indent):

‘... a significant overall reduction in risks and of the use of pesticides
consistent with the necessary crop protection.’

Recent consultations launched by the Commission during the elaboration of the
Thematic Strategy made clearer the intentions of the Commission. . It is expected
that a part of the Thematic Strategy proposal, to be published by the Commission
during 2006, will consist of a Framework Directive. It is highly probable that,
according to that Directive proposal, Member States will be required to implement
national action plans to reduce risks from pesticide use. Some minimal measures
might be required for these national reduction plans, such as: training and
certification of users, certification and monitoring of spraying equipment, pest
forecasting systems, specific requirements but no ban for aerial spraying, some
protection for the aquatic environment, designation of zones where the use of
pesticides has to be reduced or banned, systems for collection of packaging and
obsolete pesticides, promotion of organic farming and integrated pest and crop
management.

However, the Commission seems to intend to reduce risks from pesticide usage,
mostly by reduction of the use of ‘unintended’ pesticides. In theory, the use of
‘unintended’ pesticides can be avoided by using the authorised products in the
correct way, according to good farming practice, but without aiming at pesticide
dependency reduction. The Commission is of the opinion that there is no direct link
between the overall reduction of the quantities of pesticides used and the risks
involved, as some new low dose pesticides can result in higher risks than some high
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dose pesticides. Therefore, the Commission does not propose to set out legally
binding reduction targets and does not presently intend to adopt precautionary usage
reduction measures. However, this absence of link between usage reduction and risk
reduction remains to be proven, when overall use reduction is the result of pesticides
dependency reduction measures which also address new low dose pesticides.
Precautionary pesticide dependency/use reduction, as measured by a treatment
frequency index, seems indeed to be the best way to cope with the difficulties in
determining the real risk associated with pesticide use.

Besides the absence of targets and timetables for national risk reduction plans,
there is an alarming real shortage of financial incentives or other support for farmers
to convert towards integrated crop management (ICM) and organic farming, whose
development is essential for pesticide dependency reduction. No pesticide tax will
be requested to finance measures in the national reduction plans such as research,
training and advice on integrated crop management, aimed at pesticide dependency
reduction and further promotion of organic farming.

4. Conclusions

Establishing a causal link between exposure to pesticides and health problems is
difficult. Human diseases are indeed the result of many interacting influences. Weak
associations are largely attributable to lack of specificity of association, when a
mixture of chemicals is the causal factor under examination, and when controls have
also some degree of contamination with relevant pollutants. Despite those
difficulties, significant associations have been shown between in utero exposures to
pesticides and various congenital malformations or congenital functional diseases or
disorders. Associations have also been shown for specific active substances.
However, so far, epidemiological research has had very little influence on pesticide
authorisation and use. New toxicological findings increasingly show chemicals’
impacts at every level of exposure. Therefore, the epidemiological link is even more
difficult to highlight. These factors contribute to justify the fact that negative
epidemiological results are not reported here. The assumption is that epidemiology
tends to produce more false negatives than false positives.

At the same time, the risk assessment of pesticides, which is the basis of the
authorisation of each individual pesticide, lacks reliability, as both toxicity and
exposure are poorly evaluated. Regulatory testing has to be strongly improved in
order to integrate new scientific findings, including those related to endocrine
disrupters, to low dose effects, to combination effects, to particular windows of
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vulnerability during the embryo/fetal life and to effects of inert ingredients.

Exposure evaluation of each individual pesticide has to be based on field pesticide

usage data and aggregate exposure has to be considered.

Congenital diseases are not the only health impacts of pesticides and all classes of

pesticides include substances of potential health concern. In this context, it seems

relevant to remember the opinion of the Ontario College of Family Physicians about

the need for exposure reduction:

It also

‘The results of the systematic review [of Pesticide Human Health Effects]
do not help indicate which pesticides are particularly harmful. Exposure to
all the commonly used pesticides — phenoxyherbicides, organophosphates,
carbamates, and pyrethrins — has shown positive associations with
adverse health effects. The literature does not support the concept that
some pesticides are safer than others; ; it simply points to different health
effects with different latency periods for the different classes.’ and that
‘...our message to patients should focus on reduction of exposure to all
pesticides, rather than targeting specific pesticides or classes.” (Sanborn et
al., 2004, ch.11)

seems relevant to remember elements of the conclusions of the 2003

Reprosafe conference on reproductive toxicology and chemicals, in favour of

precautionary measures.

‘Estimates should be made of the very large gap between the current
toxicity testing guidelines and those required to adequately assess all risks
from all important and relevant impacts on humans, wildlife and eco-
systems, from all relevant exposure opportunities, across all relevant time
windows; with all relevant dose regimes; supported by all necessary
monitoring and modelling of likely exposures, and with sufficient statistical
power to detect all unacceptable impacts. The large costs of filling that
information gap should then be estimated and widely publicised. Society
could then agree on the more cost effective precautionary and proxy
measures that are needed to compensate for the absence of adequate
information in order to strike a better balance between economic activity
and the hazards arising from it.” (Reprosafe, 2003, p.12)

Cost effective precautionary measures to reduce health impacts of pesticide use,

such as
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* meaningful exclusion criteria for active substances, based on intrinsic
properties,

*  substitution of substances of concern, considering not only the replacement of a
chemical by another but also alternative crop production practises,

* inclusion of integrated crop management (ICM) in the definition of ‘proper
use’ of pesticides,

should now be considered for adoption in the context of the revision of the
authorisation of plant protection products Directive 91/414/EEC.

Cost effective precautionary measures, aimed at pesticide dependency reduction and
organic farming should be considered for adoption as well, such as

* mandatory national pesticide dependency / use reduction programmes with
targets and timetables,

* accurate and publicly accessible pesticide use reporting,

* sufficient support to farmers to convert to ICM,

in the context of the elaboration of the Thematic Strategy on the sustainable use of
pesticides.
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Summary

Thalidomide was first synthesised in 1954 and subsequently marketed in 1956. In
pre-clinical studies, thalidomide was found to have no apparent side effects.
Consequently, it was distributed as an “over-the-counter” drug and used by pregnant
women in order to combat morning sickness. In 1961, a significant increase of
congenital limb defects in prenatally-exposed newborns became evident. As a result,
thalidomide was withdrawn from the market, due to its severe teratogenic effects. It
has been estimated that about 6,000 children were affected with thalidomide
embryopathy. The clinical findings of the embryopathy are unusual and
characteristic.

Despite the fact that scientists have studied thalidomide over the years, its
pharmacokinetics, metabolism and teratogenic mechanisms have never been fully
understood.
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In recent years, thalidomide has been rediscovered and used for the treatment of
several immunological diseases and inflammatory dermatoses, especially
lepromatous leprosy. A specific programme (STEPS) to support the appropriate use
of thalidomide is being implemented in the United States, in order to avoid
thalidomide related birth defects; whereas, on the other hand, an increase of
thalidomide embryopathy in newborns from under developed countries has been
noted.

1. Introduction

Thalidomide ((alpha)-(N-phthalmido)glutarimide) was synthesised in 1954, in the
former West Germany, by Chemie Grunenthal GmbH. Thalidomide was studied in
adult rodents for various kinds of toxicities, and even very high dosages were not
found to have apparent side effects. Clinical trials noted the drug to be an effective
sedative, helpful in treating anxiety, insomnia, gastritis and tension. An overdose
apparently seemed to be impossible in humans, since huge amounts were only noted
to prolong sleep without provoking further side effects (Mellin and Katzenstein,
1962), and thus confirming the low toxicity which had been described in animals.
The drug, thought safe, was distributed to employees of the company. In this period,
one newborn was affected by anotia, but the malformation was not considered to be
related to the prenatal exposure to thalidomide.

At first, thalidomide was marketed in Germany in 1956 for the treatment of
influenza under the name Grippex. After the discovery of its sedative properties, it
was promoted as a remedy for sleeplessness and sold in 46 countries (with the trade
name Contergan in Germany in 1957, Distavil in UK and Kevadon in Canada in
1958, etc.). It was supposed to be a “no-side-effect” treatment and distributed as an
“over-the-counter” drug.

Because of its effectiveness in treating morning sickness, it was used frequently by
women in order to treat their nausea during pregnancy (Ances, 2002). The
production of thalidomide increased in the late 1950s and reached about 15 tons in
Germany by 1960. In the United States, however, following concerns about the
development of peripheral neuropathies by the FDA primary reviewer of the
thalidomide application, Dr. Frances Kelsey, the drug was never approved.

Soon after, in the early 1960s, an increasing number of newborns with congenital
limb defects were noted by some “alert” physicians all over Australia (Mc Bride,
1961), Germany (Lenz, 1962) and England (Smithells, 1962).
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Subsequently, the drug was withdrawn from commercial sale in 1961 (Public Affair
Committee, 2000). It has been estimated that worldwide there have been more than
6,000 children affected by the “thalidomide embryopathy” which is characterized by
variable degrees of reduction deformities of the limbs and many other non-skeletal
malformations (table 12). This number does not include spontaneous abortions and
fetal deaths, in which diagnosis was not made. Ad hoc studies, performed after the
thalidomide tragedy, have demonstrated that the specific pattern of malformations
observed in humans is presented only in rabbits and nonhuman primates, while other
species (chicken, dogs, rats, mice) do not seem to be susceptible.

2. PharmacoKkinetics

Thalidomide ((alpha)-(N-phthalmido) glutarimide) is a derivative of glutamic acid.
Thalidomide is off-white to white, odourless, crystalline powder that is soluble at
25°C in dimethyl sulfoxide and sparingly soluble in water and ecthanol. The
empirical formula for thalidomide is C3H;9 N,O, and the gram molecular weight is
258.2. It consists of a left-sided phthalimide ring and a right-sided glutarimide ring.
The right-sided glutarimide ring is similar in structure to other hypnotic drugs. It is
believed that this portion of thalidomide mediates its sedative properties.
Thalidomide is slowly absorbed from the gastrointestinal tract. Peak plasma
concentrations occur approximately 4 hours after the dose is administered (Tseng et
al., 1996). Food does not affect peak concentrations although absorption of
thalidomide increases after a high fat meal in healthy subjects (Teo et al., 2000).

The absolute bioavailability of thalidomide has not been determined in humans;
however, in animal studies bioavailability ranged from 67% to 93% (Chen et al,
1989).

The drug is distributed extensively throughout the body fluids and tissues. It has
been found also to accumulate in semen; thus male patients on thalidomide should
use a contraceptive if engaging in sexual activity with a female partner of
childbearing potential (see paragraph STEPS). The exact metabolic route and
sequence of thalidomide has not been determined in humans so far (Micromedex,
2006). The drug is mainly metabolised through a nonenzymatic pathway, which
leads to spontaneous hydrolysis in plasma (Product Information: Thalomid(R),
2001; Schumaker et al., 1965). Results of in vitro studies have suggested that
pharmacological effects of thalidomide might be secondary to those of metabolites
formed via hepatic metabolism by the hepatic cytochrome P450 system (Wood and
Proctor, 1990; Ando et al., 2002), similar to those already described in animals
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(Czejka and Koch, 1987). However, in the only well-conducted pharmacokinetical
study, no metabolites of the drug could be detected in plasma or urine samples
(Chen et al., 1989). The mean elimination time is 5-7 hours. Less than 0.7% of the
drug can normally be found in urine samples, confirming that there is no renal
excretion.

3.  Mechanism of action

The exact mechanism of action of thalidomide has not yet been clearly defined, and
the mechanisms leading to teratogenicity have remained elusive.

During the last 40 years, at least 30 hypotheses about its mechanism of action have
been suggested. Some of them have been proved to be false. Many others still have
to be analysed adequately (table 12).

Table 12. Thalidomide proposed mechanisms of action (modified from Stephens and
Fillmore, 2000)

Mechanisms supported by data
Angiogenesis inhibitor

Axial limb artery degeneration

B vitamin antagonism (folic acid)

Cell death

Cell-cell interactions

Decreased mesonephric induction of chondrogenesis
Direct effect on the limb bud

Distalization without outgrowth

Down regulation of certain integrins

Faulty chondrification and calcification
IGF-I and FGF-2 antagonist

Intercalation into DNA

Interference with glutamic acid metabolism
Nucleic acid synthesis

Oxidative DNA damage

Pteroylglutamic acid antagonism
TNF-alpha antagonist

The anti-inflammatory, immunomodulatory and anti-angiogenic effects of
thalidomide have been studied extensively.
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Inhibition of the monocyte-derived TNF-alpha

Investigations have shown that various anti-inflammatory and immunomodulating
effects are due to the suppression of excessive tumour necrosis factor alpha (TNF-
alpha) production (Sanpaio et al., 1991; Sanpaio et al., 1993) and down-modulation
of selected cell surface adhesion molecules involved in leukocyte migration.
However, this mechanism is still unclear and the inhibition incomplete and selective.
Increased plasma TNF-alpha concentrations have been observed in some patient
groups (HIV-seropositive patients) (Jacobson et al., 1997).

Inhibition of leukocyte chemotaxis

Other immunomodulatory and anti-inflammatory properties include the inhibition of
leukocyte chemotaxis into areas of inflammation and subsequently a reduction of
phagocytosis by polymorphonuclear leucocytes (Klausner et al., 1996).

Immunomodulation

Thalidomide also seems to modulate interleukins, even if results of the effects on
specific interleukins and interferon gamma have so far been equivocal. Effects on
CD4+ cells and variable effects on other mediators of intercellular pathways have
also been implicated.

Angiogenesis

Thalidomide inhibits angiogenesis (the formation of new vessels), which is a
fundamental process in the growth of organs in the embryo and tumours/metastases.
The angiogenesis effect has been hypothesized to explain the limb malformations in
the embryopathy and the effect has been demonstrated in laboratory experiments
(D’Amato et al., 1994; Tabin, 1998). The angiogenesis inhibition may be of special
importance regarding the treatment of patients with solid tumours and some other
diseases. A very interesting hypothesis of the thalidomide mechanism of action in
the inhibition of angiogenesis (Stephens and Fillmore, 2000). The authors suggest
that thalidomide (or its metabolic products), by binding to the GC (GGGCGG)
promoter region of the aV and b3 integrin, interferes with the transcription and
suppresses angiogenesis.

It is noteworthy that this mechanism of action, although proven in laboratory and
animal tests, has not been demonstrated to be the cause of the thalidomide
teratogenicity.
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4. Thalidomide side-effects

Teratogenicity is thalidomide's most severe side effect, and therefore thalidomide is
absolutely contraindicated in pregnancy.

From the epidemiological data obtained in the 1960s, it was possible to establish the
period of greatest sensitivity, which lies between 20 and 36 days after fertilization or
34-50 days after the last menstrual period (Lenz and Knapp, 1962).

Table 13. Major clinical findings in thalidomide embryopathy (Smithells and Newman, 1992)

Ear Absent ears
Microtit
Absent auditory canal
Narrow/atretic auditory canal
Deafness (conductive/neurosensorial)
Abnormal auditory ossicles

Eyes Anophthalmia

Microphthalmia

Coloboma of iris/retina/choroid
Nose Choanal atresia
Heart Fallot tetralogy

Patent ductus arteriosus
Ventricular septal
Other congenital cardiac malformations
Abdomen Bowel atresia/obstruction
Inguinal hernia
Anal atresia
Genital Abnormal labia
Female general abnormalities
Recto-vaginal fistula
Hypospadias
Hypoplastic scrotum

Cryptorchid testes
Kidney Renal agenesis
Ectopic kidneys
Hydronephrosis
Skeletal Reduction deformity of arms/legs

Absent/hypoplastic humerus
Radio-humeral synostosis
Absent thumbs/digits
Hemivertebrae
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The risk of a fetus exposed to thalidomide in this sensitive period could not be
clearly defined but might well be 50% or more. No dose-effect has been observed
and no safe dose of thalidomide has been established.

The clinical spectrum of the thalidomide embryopathy is very unusual, specific and
characteristic (see table 13)

Limb reduction defect is the most common reported birth malformation. It is
characterized by a wide range of severity from complete absence of limbs to milder
defects, such as thenar hypoplasia, absent phalanges or hypoplasia of the shoulders.
In the upper limbs, the defects are usually symmetrical with the preaxial bones being
more severely affected. The thumb is most often involved, then the radius, the
humerus and the ulna.

External ear abnormalities, showing a spectrum from anotia to sensorineural
deafness secondary to inner ear anomalies, are very common. Ocular anomalies,
such as coloboma, glaucoma and microphthalmia (Miller and Stromland, 1999) have
been reported as well as facial palsy, heart (atrial septum defect, ventricular septum
defect, and Fallot tetralogy), gastrointestinal (intestinal atresias), renal and genital
malformations.

Other side effects in adults include peripheral neuropathy, hypotension, neutropenia
and hypersensitivity. Among these disease patterns, the peripheral neuropathy is the
most common and potentially severe one. The peripheral neuropathy can be
irreversible.

It has been demonstrated that thalidomide does not cause second-generation birth
defects (Smithells, 1998).

5. “New” indications

Although thalidomide was withdrawn from the market in 1962 and never approved
in the United States, it has been an interesting research field for a number of
scientists in the last decades.

Thalidomide reappeared in 1965 when Sheskin (1965), a dermatologist from Israel,
made a fortuitous discovery while treating his leprosy patients with thalidomide. He
prescribed thalidomide for its sedative properties, and noticed a significant
improvement or healing of the skin disecase erythema nodosum leprosum (ENL)
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within the first 2 days of treatment. This finding caused a revival of interest and the
desire to know more about the immunomodulatory properties of thalidomide.

Several studies on the mechanisms of action have determined the effectiveness of
thalidomide as an immunosuppressive. In particular, the inhibiting effect of
thalidomide on the synthesis of TNF-alpha and thus slowing down immune response
might be an important approach to the treatment of some severe diseases. In
addition, thalidomide slows down the viral replication of Human Immunodeficiency
Virus (HIV) (Moreira et al., 1997).

At present, the only FDA-approved indication for thalidomide is the acute treatment
of the cutaneous manifestations of ENL, a systemic disorder that typically occurs as
a complication of lepromatous leprosy. A specific and comprehensive program has
been developed to regulate the prescription, dispensing and use of the drug: the
System for Thalidomide Education and Prescribing Safety (STEPS) (Gillis, 1997;
Ances, 2002). The following “new” indications (table 14) have been identified in the
last decades:

Table 14. “New” indications for thalidomide prescription

FDA-approved indication:
*  Moderate to severe erythema nodosum leprosum
Literature-supported oncology and AIDS indications:
e Refractory multiple myelomaRefractory chronic graft-vs-host disease AIDS-
related cachexia AIDS-related mucocutaneous ulcers
Potential Oncology uses (requires additional research):
¢ AIDS-related Kaposi's sarcomaPlasma cell leukemiaMiscellaneous advanced
solid tumours (e.g., breast, CNS, prostate)
Potential oncology uses (potential for new phase I research):
¢ Cancer cachexiaSevere, uncontrollable night sweatsCombination therapy with
anthracyclines (antiangiogenesis and cardioprotective?)Combination therapy
with chemotherapy and/ or radiation  (antiangiogenesis and effect on
mucositis?)
Autoimmune diseases/inflammatory dermatoses:
¢ Beucet disease
e Chronic discoid lupus erythematosus
e Graft-versus-host-disease (GVHD)
e Jessner's lymphocytic infiltration
¢ Langerhans' cell histiocytosis
¢ Lichen planus
e Pemphigoid
¢ Sarcoidosis
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51 Leprosy

After the first report (Sheskin, 1965), numerous studies were able to confirm the
effectiveness of thalidomide as a treatment for type II leprosy reaction, which is a
manifestation characterized by the appearance of vasculitic nodules and severe
neuritis due to destruction of the Schwann cells (Sheskin, 1980; Zwingerberger and
Wendt, 1996).

Leprosy is a severe disease which frequently occurs in some parts of the world, in
particular South America. Unfortunately, no specific programs and stringent
controls are required in these countries where thalidomide is commercially available
for the treatment of leprosy. Subsequently, some cases of thalidomide embryopathy
have already been noted within the last years (Castilla ef al., 1996).

5.2.  Human Immunodeficiency Virus (HIV)

Many studies have demonstrated that thalidomide improves the “wasting syndrome”
(weight loss without clear identifiable cause) associated with AIDS (Balog et al.,
1998).

The reason for thalidomide treatment again lies in the inhibition of TNF-alpha
synthesis.

Thalidomide has also proven to be effective in the treatment of AIDS-related Kaposi
sarcoma as well as oropharyngeal, rectal, esophageal and genital ulcers in
seropositive patients (Gardner-Medwin et al., 1994).

5.3.  Beucet disease

Beucet disease is a type of systemic vasculitis with recurrent oral and genital ulcers,
skin lesions, panuveitis and arthritis. Thalidomide has been proved to be effective in
the treatment of ulcers, but the therapeutical success is restricted as ulcers reform
after suspension of treatment (Gardner-Medwin et al., 1994).

54. Dermatological and autoimmune disorders

Thalidomide has more recently been rediscovered to be a powerful
immunomodulatory and anti-inflammatory agent and has shown promise in the
treatment of various dermatological diseases. Among these are chronic Graft Versus
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Host disease (GVHD) (Rovelli ef al., 1998), systemic lupus erythematosus (knop et
al., 1983), pyoderma gangrenosum, prurigo nodularis and lychen planus. All of
these are able to be treated successfully.

5.5. Cancer complications

Thalidomide has also demonstrated benefits in the treatment of many tumours, for
example multiple myeloma and solid tumours, as well as cancer complications.
These studies are still ongoing and results will be available in the future (Kumar et
al., 2002).

The list of cancers being treated so far with thalidomide is in table 14.

6. STEPS programme (System for thalidomide education and prescribing
safety)

The STEPS program, in response to the teratogenicity of thalidomide, is the most
stringent program ever issued in the United States for any kind of treatment.

STEPS includes:

- Educational material for physicians and pharmacists about the possible
risks associated with thalidomide treatment,

- A video for patients undergoing thalidomide treatment,
- Monthly pregnancy tests, (urine/blood),

- The signing of an informed consent form after a detailed explanation of the
risks,

- Participation in a patient survey,

- Thalidomide can only be prescribed by physicians registered to the STEPS
program, and is prescribed only for the patient himself. It must not be
passed on to someone else.

During the treatment, the patient is not allowed to donate blood and female patients
should forgo sexual activity if not using an effective method of contraception (IUD,
hormonal method, tubal ligation or partner’s vasectomy) and also an additional



THE THALIDOMIDE EFFECT 217

second one (latex condom, diaphragm, cervical cap). Male patients should use latex
condoms if engaging in sexual contact with pregnant women or women with
childbearing ability. At the moment, thalidomide is not marketed in Europe, but
used in clinical controlled trials as well as to treat selected groups of patients (i.e.
HIV, cancer, leukemia). This explains why no guidelines as to where and how to
prescribe thalidomide are available in any European countries. STEPS, therefore,
will have to also function as something of a guideline for these countries, which
don’t have their own programme.

7. Lessons for environmental teratology

Malformations and teratogenic effects have been observed and described by
contemporary witnesses since Antiquity. Pictures and statues from the Middle
Eastern and Greek culture, as well as mythologies, show us early knowledge of
malformations and birth defects. Nevertheless, until the 1950s, scientists showed
little or no interest in the field of environmental teratology.

The atomic bombing of Hiroshima and Nagasaki in the summer of 1945 lead to an
exposure of millions of people to radiation and subsequently a number of studies
(Boice, 1990; Otake et al., 1990) were conducted, in order to analyse the effects of
radiation on the development of cancers and the incidence of other diseases.
However, the interest was mainly focused on radiation induced mutations (Schull,
2003).

The congenital rubella syndrome, first described and published by the Australian
ophthalmologist Sir Norman McAlister Gregg in 1941 (1892-1966, Sydney), was
another groundbreaking incidence towards the understanding of teratology but still
did not attract scientists’ attention.

However both “lessons” appeared against a historical background where people
were little interested in anything but the war, its consequences and the fight to
survive. So, even though there was immediate world wide protest against further
atomic experiments and for nuclear disarmament, it was the thalidomide tragedy
which heralded a new area.

Physicians and patients, as well as public media, were aroused by the evidence that
drugs could cause birth defects. The very thought that the introduction of new
substances could not only effect the health of individuals but also influence the
development of embryos and fetuses was terrifying. New programs were launched,
with strict rules for the adoption of new treatments and drugs, as well as existing
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ones. New institutions were founded and new instruments created, in order to
control the health of individuals and the prescription of drugs during pregnancy, in
order to avoid birth defects: clinical teratology was born.

8. Conclusions

Thalidomide, which for a long time has been associated with one of the worst
medical tragedies in the last century, has actually been something of a “milestone”
in the further development of teratology. It provoked the desire and the need to
know more about the effects of drugs taken during pregnancy, as well as the
development of birth defects and the important role of environmental influences on
the genesis of birth defects. Subsequently, in the 1970s and 1980s many principles
of teratology were built on what physicians and scientists had learned from the
malformations caused by thalidomide.

The vast amount of research work carried out on the different aspects of thalidomide
at that time may have paved the way for a possible reappearance of the drug,
creating the possibility of being able to treat a whole new catalogue of conditions.
Thalidomide has raised great hope and expectation all over the world for a new
approach to the treatment of various diseases such as HIV, multiple myeloma and
many others. Nevertheless, despite the fact that great interest in its potential use for
treatment of different kinds of disorders has been created, at least two problems will
have to be faced. Firstly, the dark side of its history will always render it difficult for
some people to accept it and to trust its abilities. Secondly, it will be difficult to
issue programs as strict as STEPS, which might lead, once more, to an increase of
the number of children being born with severe birth defects, such as missing or
shortened limbs. This will be especially difficult in those countries where there is a
great demand for thalidomide at present (under developed countries with a high
incidence of HIV and leprosy).
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Summary

Exposure of the developing animal male fetus to environmental pollutants, in
particular to endocrine disrupting chemicals (EDC), is responsible for sexual
maturation anomalies and reproductive malfunction in adult life. Human maternal-
infant exposure during pregnancy is of special importance because it represents a
very likely window of high susceptibility that can lead to severe and irreversible
effects during critical developmental periods. This chapter reviews the
epidemiological evidence linking EDC exposure to human male tract
malformations, e.g. cryptorchidism and hypospadias, focusing on exposure to
pesticides as potential EDCs. Epidemiological studies have yielded contradictory
results and do not provide sufficient grounds to confirm the hypothesis that
environmental estrogens are associated with these urogenital anomalies. The main
reason for the conflicting data may be the difficulty of comparing studies that
consider different exposure times and study populations, and do not use the same
clinical definitions or diagnostic criteria for these diseases. In addition, the EDC
hypothesis poses several challenges to the exposure assessment process that need to
be addressed: i) classification of exposure by using direct determinations instead of
crude proxies, ii) interpretation of complex dose-effect relationships based on U- or
inverted U-shaped dose-response curves, iii) estimation of exposure that takes
account of the highly heterogeneous chemical classes implicated, and
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iv) development of biomarkers that allow investigators to quantify exposure to
mixtures of EDCs and to differentiate their effects from those of endogenous
hormones.

1. Introduction

It has been suggested that exposure of the developing male fetus to environmental
pollutants is responsible for anomalies of sexual maturation and reproductive
malfunction in adult life (Sharpe and Skakkeback, 1993; Kennedy and Snyder,
1999; Skakkebaek et al, 2001). In particular, recent human data have focused
attention on human exposure to endocrine disrupting chemicals (EDC) during
pregnancy, because it may play a role in the development of male sexual disorders
(Male, 1995; Toppari et al., 1996; Oliva et al., 2001; Itoh et al., 2001). Male sexual
differentiation and reproductive functioning are critically dependent on the ratio of
androgen to estrogen, and an imbalance in this ratio may be responsible for male
congenital anomalies, supporting the EDC hypothesis. Male congenital
malformations include hypospadias, a urethral opening on the underside of the penis
or on the perineum, and cryptorchidism, a failure of one or both testicles to descent
into the scrotum. These are birth defects of exclusively prenatal origin with an easy
and early diagnosis, making them a good choice as biomarkers of EDC exposure
and effects.

EDCs are defined as exogenous substances or mixtures with the ability to disrupt
normal endocrine homeostasis and alter endocrine system function, thereby
producing adverse health effects in an intact organism or its progeny or in (sub-)
populations (Colborn and Clement, 1992; European, 2001). Pesticides are well-
known chemical pollutants that have been associated not only with male genital
malformations but also with semen quality and testicular, prostate, ovarian, and
breast cancer (Garry et al., 1996; Koifman et al., 2002). Because of their ubiquity
and persistence in the environment, pesticides can be found in soil, water, wildlife,
and in the adipose tissue of mothers, reaching children during pregnancy and
lactation (Olea et al., 1999). Some pesticides are EDCs, including compounds with
estrogenic or antiandrogenic properties as well as those with antihormonal activities.
Although most EDC pesticides have been characterized as acting in the living
organisms in an estrogen-like manner (Soto et al., 1995), e.g. DDT and endosulfan,
they can also induce anti-androgen activity, e.g. p,p’-DDE and vinclozolin (Sohoni
et al, 1998; Gray et al, 1999), or more complex interactions affecting endocrine
homeostasis (Sultan ef al., 2001).
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If, indeed, the environment plays a critical role in the pathogeny of male tract
malformations, there is a need to determine the nature of the environmental agents
responsible and to assess the exposure of susceptible populations (Sultan et al.,
2001). In this regard, maternal-infant exposure is of special importance because it
represents a very likely window of susceptibility that can lead to severe and
irreversible effects at critical moments of development. Furthermore, in the case of
persistent fat-soluble chemicals, their bioaccumulation in adipose tissue may imply a
risk for women throughout their lifetime, not only during pregnancy. This chapter
reviews the epidemiological evidence linking EDC exposure to human male tract
malformations, e.g. cryptorchidism and hypospadias, focusing on exposure to
pesticides as potential EDCs.

2. Review of the epidemiological evidence

There is epidemiological evidence from many countries of an increasing adverse
secular trend in male reproductive outcomes (Carlsen et al., 1992, 1995; Auger et
al., 1995; Paulozzi et al., 1997; Swan et al., 2000; Preiksa et al., 2005; Toft et al.,
2005), although data from several registries reveals wide inter-country variations
(Paulozzi et al., 1999; Toledano et al., 2003; Dolk et al., 2004; Martinez-Frias ef al.,
2004). Human exposure to EDCs at certain times of life influences normal
maturation and may result in impaired male reproductive development and function.
Pregnancy is a period of rapid growth, cell differentiation, immaturity of metabolic
pathways, and development of vital organ systems. Each normal developmental
process occurs during a specific period of a few days or weeks, and it is in this
window of particular susceptibility that exposure may exert potential adverse health
effects, such as urogenital anomalies. These sensitive periods largely occur during
the first trimester, usually before the pregnancy has been recognized. Embryos may
be affected by chemicals with long and short biological half-life to which the mother
was exposed before their conception (Dolk and Vrijheid, 2003; Swan et al., 2005).
The history of diethylstilboestrol (DES), a potent estrogenic drug, illustrates the
biological plausibility of the EDC hypothesis in humans. DES was prescribed to
women between 1947 and 1971, mostly to prevent abortions and pregnancy
complications (Gill ef al, 1977). Although DES is the best documented endocrine
disrupter in humans, it is not possible to extrapolate from DES to other endocrine-
disrupting compounds because the dosage and probably the action mechanism may
considerably differ. Basic and clinical studies have clearly demonstrated that
exposure to DES during critical period of development is associated with disorders
in the reproductive system (Gill ef al., 1977; Bibbo et al., 1977; Stenchever et al.,
1981; Stillman, 1982; Toppari et al., 1996; Newbold, 2001) among other adverse
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effects. Thus, boys exposed to DES in utero were found to have an increased risk of
hypospadias (Klip et al., 2002).

Despite the above evidence, epidemiological studies to date are not considered to
provide sufficient grounds to confirm the hypothesis that environmental estrogens
contribute to urogenital anomalies (e.g. cryptorchidism and hypospadias) or
impaired semen quality. Discrepancies in the scientific community about adverse
trends in male reproductive health could be related in part to the difficulties in
comparing studies from different time periods, with distinct study populations, and
with varied clinical definitions and diagnostic criteria for these diseases. Moreover,
epidemiologists traditionally analyse the incidence and risk factors separately for
each disorder. Skakkebaek et al. (2001) proposed that trends on sperm counts,
demand for assisted reproduction, testicular cancer, hypospadias, and undescended
testes, are components of a single underlying entity, the so-called testicular
dysgenesic syndrome (TDS), and that environment and life-style factors are the
most likely causes, with minor participation of the genomic background
(Skakkebaek et al., 2001).

Studies of occupational exposure, especially in relation to EDCs and uro-genital
malformations, are not abundant. The occupational activities of parents have
sometimes been associated with increased risk, as is the case of farmers and
gardeners (Kristensen ef al., 1997; Weidner et al., 1998; Garcia et al., 1999), vehicle
use (Irgens et al., 2000), forestry, carpentry, and service station attendants (Olshan
et al, 1991). However, other authors found no association between male
reproductive health and work in agriculture or gardening (Restrepo et al., 1990;
Weidner et al., 1998) or other occupations (Aho et al., 2003), or they associated
health disorders with environmental exposure in a wider sense (Robaire and Hales,
2003).

Recently, occupational exposure of the father was strongly associated with
cryptorchidism in a nested case-control study conducted by Pierik et al. (2004) in
the city of Rotterdam. Based on a cohort of 8,695 boys recruited at child health care
centres during the first days of life, the authors compared 78 cryptorchidism cases
and 56 hypospadias cases with 313 age-matched controls. Their main aim was to
identify risk factors for cryptorchidism and hypospadias, focusing on exposure to
EDCs. A parental questionnaire, completed within a few weeks of delivery,
collected data on personal characteristics, health, and occupation. Occupational
exposure was assessed by generic questions to elicit the description of jobs held in
the year before pregnancy, and by a checklist for self-reported exposure to ionizing
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radiation, physical exposures and to chemicals with endocrine activity or previously
described as male reproductive toxicants, such as pesticides. They assessed
occupational exposure by applying a job-exposure matrix for potential EDC (Van
Tongeren et al, 2002). The study concluded that paternal exposure should be
included in studies on risk factors for urogenital malformations, because the
pesticide exposure of fathers was associated with cryptorchidism in their progeny
(expressed as odds ratio [OR]) (OR 3.8, 95% CI 1.1-13.4) and their smoking habit
was associated with hypospadias (OR 3.8, 95% CI 1.8-8.2). These authors found no
association between the occupational exposure of mothers and any abnormality.

A register-based case-control study in Denmark investigated parental occupation in
farming or gardening in the year of conception (Weidner ef al., 1998). All live-born
males between 1983 and 1992 with a diagnosis of cryptorchidism (6,177) or
hypospadias (1,345) were compared with a random control group of 23,273 boys
born in the same period. The risk of cryptorchidism, adjusted for year of birth and
birth weight, was greater in sons of women working in farming or gardening (OR
1.38; 95% CI, 1.10-1.73). The effect was even stronger when the analysis was
restricted to mothers working in gardening (OR 1.67; 95% CI, 1.14-2.47).
Interestingly, maternal occupation in farming and gardening had no significant
effect on the risk of hypospadias (OR 1.27, 95% CI, 0.81-1.99). Interestingly, the
occupation of the father had no effect on the risk of either cryptorchidism or
hypospadias.

In contrast to the above studies, other authors found no association between
cryptorchidism and maternal exposure to pesticides (Restrepo et al, 1990) or
between hypospadias and occupational exposure to EDCs (Vrijheid et al., 2003)
during pregnancy. Restrepo and co-workers selected cases and controls from among
the offspring of 8867 floriculture workers and their spouses included in a prevalence
survey in 1982-1983 for adverse reproductive outcomes in Colombia. They
compared 222 cases of congenital malformations with 443 randomly selected
controls matched by maternal age and birth order, determining exposure to
pesticides during the pregnancy by means of a questionnaire. The exposure variable
was treated as categorical (working or not working in floriculture during
pregnancy), and the Mantel-Haenszel test was used for statistical analysis of the
different types of congenital malformations, followed by multivariate analysis to
control for confounding. Although the relative risk of cryptorchidism after maternal
exposure to pesticides during pregnancy was 4.6, the confidence interval (not
specified) and p value (>0.05) indicate imprecision and uncertainty in the statistical
estimate. The authors concluded that there was no significant association between
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the 16 cases of cryptorchidism and maternal exposure to pesticides during
pregnancy.

The Vrijheid study (2003) analysed the relation between risk of hypospadias and
maternal occupation. Hypospadias (n = 3,471) diagnosed at birth and recorded on the
National Congenital Anomaly System in England between 1980 and 1996 were
included. The potential exposure to EDC was measured as a surrogate for exposure,
using the same job-exposure matrix as the Pierik study discussed before (Van
Tongeren et al., 2002), categorizing 348 individual jobs titles into three categories
according to their unlikely, possible, or probable exposure to seven groups of EDCs:
pesticides, polychlorinated organic compounds, phthalates, alkylphenolic
compounds, biphenolic compounds, heavy metals, and other hormone disrupting
chemicals. Hairdressers, cleaners, and painters were the largest occupational groups
with probable exposure to EDCs. There was some indication of an increased risk of
hypospadias in the offspring of hairdressers and some workers with reported
exposure to phthalates. Although the job-exposure matrix developed by the authors
was unable to distinguish among exposure levels, compound potencies, action
mechanisms, possible interactions, or changes in exposure over time, this was a very
interesting approach that deserves further exploration. Vrijheid et al. (2003)
concluded that their results should be interpreted with caution and insisted on the
need for validation of the job-exposure matrix by the assessment of real exposure in
human tissues.

Non-occupational exposure to environmental estrogens can occur through domestic
use of pesticides in homes and gardens, consumption of treated foodstuffs or
contaminated drinking water, or residence in agricultural areas associated with
contaminated air, water or soil, among other routes. Studies of residential exposure
to pesticides have used proxy measures of exposure such as pesticide usage at the
residence, residence in or near pesticide application areas, or residence near
agricultural crops (Dolk and Vrijheid, 2003). Thus, Dolk et al. (1998) investigated
1089 cases of congenital anomaly and 2366 control births without malformation in a
collaborative European (Eurohazcon) study on the risk of congenital anomaly
among people living near hazardous-waste landfill sites. The study was set up to
analyse the risk of congenital anomaly among people exposed to chemicals present
in hazardous-waste landfill sites. Hypospadias was one of the outcomes examined in
this study. Twenty-one such sites were included, and the distance of the mother’s
place of residence from the nearest one was used as a surrogate measurement of
exposure to the chemical contaminants within it. An area of 7 km radius around each
landfill was considered, and a zone of 3 km radius around each site was defined as
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the “proximate zone” within which most exposure to chemical contaminants would
occur. Socioeconomic status and maternal age were recorded as confounding
variables. Residence within 3 km of a landfill site was associated (borderline
significance) with a higher risk of hypospadias (OR 1.96, 95% CI 0.98-3.92).

Kristensen et al. (1997) adopted a different approach, studying 192,417 children
born to farming families in Norway from 1967 to 1991 and relating different birth
defects to the purchase of pesticides and the amount of pesticide spraying equipment
on the farm, with no consideration of parental occupation. They found a significant
positive relationship with cryptorchidism and a non-significant association with
hypospadias. The prevalence of specific defects at birth was determined
retrospectively, and the purchases of pesticides in 1968 (from the 1969 census) and
tractor-drawn pesticide spraying equipment present on the farm in 1979 (from the
1979 census) were used as proxies of exposure. ORs were calculated from
contingency tables, and multiple logistic regression was used to control for potential
confounders such as maternal age or birth order. The adjusted OR and 95% CI for
cryptorchidism in association with pesticide purchase on the farm was 1.70 (1.16-
2.50). The association was stronger when the analysis was limited to vegetable
farms (adjusted OR 2.32; 95% CI, 1.34-4.01). The odds ratio for hypospadias was
only moderately increased in association with the presence of spraying equipment
(adjusted OR 1.38; 95% CI, 0.95-1.99). A small increase in statistical precision was
noted when the analysis was limited to the presence of tractor spraying equipment
on grain farms (adjusted OR 1.51; 95% CI, 1.00-2.26).

It has been suggested that epidemiological studies will benefit from a more accurate
way of measuring exposure to EDCs, for example by determining their presence in
tissues and fluids of the mother-child pair. In this regard, Hosie et al (2000)
quantified an important number of chemical residues in children, including DDT
and metabolites, polychlorinated biphenyls, toxaphene, hexachlorocyclohexane,
chlorinated cyclodienes and chlorinated benzenes, using fatty tissue of 48 boys
undergoing surgical procedures, 18 with cryptorchidism and 30 controls. All of the
substances were detected in all boys studied. The statistical analysis only revealed
highly significant differences in presence of heptachlor epoxide (HE) and
hexachlorobenzene (HCB) between controls and patients with cryptorchidism, with
both HE and HCB showing higher mean concentrations in patients with
cryptorchidism than in controls.

In another study along the same lines by Longnecker et al. (2002), maternal
exposure was assessed by determining the serum levels of DDE, a well known EDC,
in the third trimester of pregnancy, in a large sample of mother-child pairs. The
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authors used a nested case-control design with subjects selected from the
Collaborative Perinatal Project, a birth cohort study conducted in the US. The
project had open enrolment between 1959 and 1966 and was designed to investigate
the relationship between maternal exposure to the pesticide and birth defects,
including cryptorchidism and hypospadias. Approximately 75% of subjects born
into the study could be followed up to the age of 7 years. Among the male offspring,
219 boys with cryptorchidism and 199 with hypospadias were eligible for the study
and were matched with 599 male controls randomly selected from the same cohort.
Maternal exposure was assessed by determining the serum levels of DDE in samples
collected and stored during the third trimester of pregnancy. The data were
categorized into five DDE concentration strata, and the odds of having a birth defect
in relation to DDE level were estimated using logistic regression. After examining
stratum-specific effects for several possible confounders and comparing the highest
category of serum DDE to the lowest, the adjusted ORs were 1.3 (95% CI, 0.7-2.4)
for cryptorchidism, and 1.2 (95% CI, 0.6-2.4) for hypospadias. The authors
described their findings on an association between DDE and the risk of
malformation as inconclusive.

3. The case of southern Spain

The hypothesis of an association between pesticide exposure and genital tract
malformations was explored in southern Europe by Garcia-Rodriguez et al. (1996),
suggesting a relationship between cryptorchidism and geographical variations in
exposure to pesticides in Spain. This was an ecological study that aimed to correlate
the incidence of cryptorchidism with the use of pesticides by geographic area in the
Spanish province of Granada. For improved case definition, only males up to the age
of 16 undergoing orchidopexy at the University of Granada Hospital between 1980
and 1991 were selected, 270 such cases being identified. The place of residence was
recorded for all cases, and the health care district (the smallest administrative unit)
was used as the basic geographical unit. For each geographical unit, the orchidopexy
rate was calculated and compared to the degree of pesticide use on a 4-point scale
(from lowest-0, to highest-3), as reported by the Regional Agrarian Agency.
Logistic regression analysis results indicated that the frequency of orchidopexy in
different geographic areas increased in parallel with the degree of pesticide use,
except for the municipal area of Granada, where the use of pesticides was lower and
the rate of orchidopexy highest. The authors concluded that their results are
compatible with an association between exposure to pesticides and an increased risk
of cryptorchidism, although several methodological limitations in data analysis
make it necessary to evaluate the results with caution.
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Beside the ecological study investigating the variations of orchidopexy rates in
Granada province (Spain) in relation to geographical variations in pesticide use, few
studies have addressed the EDC hypothesis in southern Spain. Nevertheless, a
retrospective case-control study performed in the same geographical area found an
association between cryptorchidism and the father’s employment in agriculture
(Rueda-Domingo et al, 2001). Moreover, a frequent and abundant presence of
pesticide residues was reported in fatty tissues of children residing in the same area,
and some of the pesticides had been restricted or discontinued several years earlier
(Olea et al., 1999).

Because of the need for more robust data to support the endocrine disrupter
hypothesis, a prospective mother-child cohort was established in Granada province
(Spain) as part of a collaborative study that included several countries in Europe. A
case-control study, with hospital-based sampling, was nested within this project with
the aim of identifying the main risk factors for cryptorchidism and hypospadias and
their possible association with environmental factors, with special emphasis on
exposure to environmental chemicals with estrogenic activity (xenoestrogens). It
was also intended to determine whether the combined effect of environmental
estrogens, measured as the total effective xenoestrogen burden, is a risk factor for
cryptorchidism and hypospadias.

The cohort excluded mothers without serious chronic diseases, such as diabetes,
hypertension, or thyroid disease or those who developed any pregnancy
complication that could affect fetal growth and development. The cohort finally
included 706 boys out of 4455 newborn males at the San Cecilio University Hospital
of Granada province between October 2000 and June 2002. Out of those, 34 (5%)
were excluded because of medical complications, inability to collect biologic
specimens, non-residence in hospital referral area, and/or refusal to participate.
Testicular position was recorded after firm traction of the testis to the most distal
position along the pathway of normal descent. Cases studied were 27 boys born with
undescended testes (unilaterally and/or bilaterally), 19 boys born with hypospadias,
and 2 boys born with both diseases. Controls were matched with cases by
gestational age, day of birth, and parity (birth order), selecting three controls for
each case, although only 114 controls met the matched criteria. The final subsample
size for this study was 48 cases and 114 controls.

Information about characteristics of the mother, father, pregnancy, and birth was
obtained using a structured face-to-face questionnaire conducted by trained
interviewers, and by searching general hospital records from the maternity unit. The
levels of 16 organochlorine compounds as well the total effective xenoestrogen
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burden (TEXB) were measured in placenta samples from case and control boys.
Conditional and unconditional regression models were used for multivariate analysis
to estimate the ORs and 95% Cls.

Placentas collected at the time of delivery were immediately frozen at —70°C and
stored until their analysis. Bioaccumulated compounds were extracted from samples
(1.6 g of placenta) with hexane and eluted in a glass column filled with Alumine.
The eluate obtained was concentrated and then injected into the preparative HPLC.
The presence and identity of aldrin, dieldrin, endrin, lindane, methoxychlor,
endosulfan I and II, mirex, p,p-DDT, 0,p"-DDT, o,p -DDD, p,p -DDE, endosulfan
diol, sulfate, lactone, and ether was analysed by gas chromatography with electron-
capture detection, using p’-dichlorobenzophenone as internal standard and mass
spectrometry (GC/MS). More lipophilic xenoestrogens (alpha fraction) were
separated from endogenous hormones (beta fraction) by a high performance liquid
chromatography technique, using a previously developed methodology.

The statistical study was performed with conditional and unconditional logistic
regression analyses. Mean age of mothers was 29.5 yrs (range, 17-43 yrs); 57% had
low educational level (similar to that of fathers); 40% were multiparous, 19.25% had
preterm delivery, and 21% of deliveries were caesarean. No differences in matching
criteria (date of birth, gestational age, and parity) were observed between case-
matched controls and overall cohort. Risk of cryptorchidism and hypospadias
increased with lower birth weight, lower increase in maternal weight during
pregnancy, previous history of abortion, and parental exposure to pesticides. The
risk decreased with higher maternal age.

The estrogenicity of placenta extracts measured by TEXB was positive in 72.8% of
alpha fractions (mean 1.82 + 6.65 pM estradiol/g of placenta) and in 77.11% of beta
fractions (mean 2.04 £ 17.3 pM estradiol/g of placenta). Higher TEXB alpha and
beta levels were found in cases than in paired controls. Conditional logistical
regression analysis, adjusted for mother’s age at delivery and weight of the
newborn, showed the TEXB of the alpha fractions to be a risk factor for
cryptorchidism (p=0.031; OR 2.82, 95% CI 1.10-7.24).

Moreover, DDT and metabolites, endosulfan and metabolites, lindane,
aldrin/dieldrin/endrin, hexachlorobenzene, methoxychlor, and mirex were found in
placentas. The most frequently detected pesticide was p,p -DDE (84%) followed by
lindane (61%). The number of residues found in placenta samples was significantly
higher in cases than in controls (p = 0.002). The presence of lindane, DDTs, and



ENDOCRINE DISRUPTER EXPOSURE 235

endosulfan I was associated with increased risk of malformation, with ORs of 3.38
(95% CI 1.3-8.4), 2.6 (95% CI 1.2-5.7) and 2.2 (95% CI 0.99-4.8), respectively.
This risk was also associated with higher concentrations of lindane (p = 0.007) and
dieldrin (p = 0.052). In addition, the mother’s occupation was categorized, after
performing numerous more complex stratifications, into two levels (agriculture and
others). An almost 3.5-fold increased risk for urogenital malformation was observed
when the mother reported taking part in agricultural activities (OR 3.47; 95% CI
1.33-9.03). In contrast, no association was found when the father’s work was
categorized in the same way as the mothers. However, when a different approach to
assessing the occupational exposure of the father was adopted (by questions on
specific tasks and chemical exposure), occupational exposure was found to be a risk
factor for urogenital malformations, with an almost 3-fold increased risk for the
highest level. Finally, in order to explore the effect of a rural or urban setting on
mother-child exposure, the place of residence was categorized into populations
below (rural settings) and above (urban settings) 10,000 inhabitants, but no
association with either setting was observed. No association was seen with place of
residence.

Although the power of this study was limited, its findings are consistent with those
of other studies that have implicated environmental factors in cryptorchidism and
hypospadias, such as employment by the mother in agriculture and the
bioaccumulation of pesticides in placentas and their combined hormonal effects.

4. Difficulties in exposure assessment: Implications for future research

The EDC hypothesis poses several challenges to epidemiological research (Krimsky
et al., 2000). Among these, a correct exposure assessment is a major barrier because
of the complexity of the very heterogeneous chemical classes that are implicated.
Although some authors have claimed that EDCs are not capable of inducing full
effects because their levels are much lower than those of endogenous hormones, the
dose-effect relationship based on a threshold model may underestimate the activity
of environmental estrogens. EDCs induce an inverted-U dose-response curve, and
risk assessment in this area can not rely solely on linear measurements of effect
(Almstrup et al., 2002; Weltje et al., 2005).

In addition, the identification of pathways between the source of the chemicals and
human exposure is very complex. The evaluation process is further complicated by
the fact that many EDCs are persistent and accumulate in human tissues and that
there can be long latency periods between exposure and manifestation of a response
(e.g. in utero exposure may lead to developmental effects that are only evident when
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the offspring reaches the age of sexual maturity). Furthermore, although some EDCs
(e.g. many organochlorine pesticides) are no longer used in many countries, areas
that were heavily polluted in the past may serve as redistribution sources for these
compounds in the present. Finally, there is evidence that endocrine disrupters may
pass from countries where they are still in use to countries where they are not, via
atmospheric deposition or perhaps as residues in imported foods.

Misclassification of exposure is possible when registry and census data are used and
may also result from the use of crude proxies for exposure instead of direct
determinations. Although some specific occupations such as farming, gardening or
floriculture are known to be associated with exposure to significant pesticide levels,
exposure determination by questionnaire can introduce recall bias.

Over the past few years, the scientific community developed techniques that will
allow investigators to quantify exposure to EDCs and to discriminate between
endogenous hormones and xenoestrogens (Sonnenschein and Soto, 1998). This
methodology is critical for the future application of biomarkers in epidemiological
studies. To address this issue, we developed a method to assess the total effective
xenoestrogen burden (TEXB) in human samples (Soto et al, 1997; Rivas et al.,
2001; Fernandez et al., 2004). TEXB measures the cumulative estrogenic effect of
chemicals extracted from tissue specimens and fluids by determining the combined
effect of the xenoestrogens using the E-Screen bioassay for estrogenicity. This
bioassay compares the cell yield between cultures of MCF-7 human breast cancer
treated with estradiol and those treated with different concentrations of xenobiotics
suspected of being estrogenic (Soto et al., 1995). The process ends with assessment
of the proliferative effect, expressed in estradiol equivalents per gram of lipid
(Eeq/g), and assignation of the total estrogenic burden to each patient. This
standardized biomarker of human exposure to bioaccumulative xenoestrogens was
successfully applied as a tool to measure exposure in a case-control study of breast
cancer (Ibarluzea et al., 2004), and recent studies in south-eastern Spain have again
demonstrated the usefulness of this approach in exposure assessment.

There is adequate evidence of a link between EDCs and congenital malformation for
a precautionary approach to be taken, implementing measures to reduce community
exposure to these chemicals. Importantly, the planning of care for women of
childbearing age should take account of these environment concerns, not only
during pregnancy but also even before conception.
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Table 15. Characteristics of cited studies

Study Design and Effects Analysis
population
Restrepo, 1990  Case-control Cryptorchidism Mantel-
study of birth exposure during  (n=16) was not Haenszel test
defects nested in significantly RR 4.6
a prevalence pesticides used in  associated with 95%CI (7)
survey among maternal exposure
floriculture determined by
workers in questionnaire
Bogota,
Colombia,
conducted in
1982-1983
Garcia- Ecological study ~Geographical Orchidopexy Logistic
Rodriguez, to search for (n=270) increased  regression
1996 variations in pesticide use. when the highest OR 2.32
orchidopexy Each area was level of pesticide
rates in the use was compared (1.26-4.29)
Spanish province with the lowest
of Granada, from
1980 to 1991
Kristensen, 1997 Retrospective Cryptorchidism Contingency
cohort from pesticides based ~ was associated with tables
register-based pesticide purchase
1 1 *
study of occupation in the  (*). The effect was OR* 1.70
prevalence for stronger when only
specific birth determined by vegetable farms (1.16-2.50)
defects, in farm purchases of were considered (#)
Norway from chemicals aqd Hypospadias was  QR* 2.32
1967 to 1991 tractor spraying  only moderately
equipment, from  gegociated with (1.34-4.01)
five agricultural  yqct0r spraying
and horticultural equipment OR1.38

(0.95-1.99)
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Table 15. (Continued)

Study Design and Exposure Effects Analysis
population
Weidner, Register-based case-  Exposure to Cryptorchidism Contingency
1998 control study of pesticides based  (n=6,177) was tables
cryptorchidism and on parental associated with
hypospadias, in occupation in the mother’s (*) but not OR* 1.38
Denmark from 1983  farming and with father’s
to 1992 gardening occupation. The (1.10-1.73)
industry effect was higher OR# 1.67
for gardening (#) (1.14-2.47)
Hypospadias OR 1.27
(r.1:1.,345) was not (0.81-1.99)
significantly
associated with
parental occupation
Dolk, 1998 Multicentre case- Exposure to Hypospadias Logistic
control study, using  chemical (n=45) was regression
data from seven contaminants borderline
regional registers of  based on associated with
congenital anomalies distance of the residence near OR 1.96
in five countries from maternal landfill sites (0.98-3.92)
Europe. The study residence from
period was different  the nearest
for each area (at least hazardous-waste
5 years) landfill site (21)
Garcia, Case-control study to  Occupational Selected congenital Logistic
1999 assess the prevalence exposure to defects (n=261) regression
of congenital pesticides, were associated
malformations in mainly as a result with mothers
eight public hospitals of agricultural involved in OR 1.30
during 1993-1994 in  work, during the agricultural (0.70-2.40)
the Autonomous month before activities (*). OR1.20
Community of conception and  Fathers handling (0.60-2.40)

Valencia, Spain

the first trimester
of pregnancy,
determined by
questionnaire

pesticides also
increased the risk

#
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Table 15. (Continued)

Study Design and Exposure Effects Analysis
population
Irgens, 2000 Register-based Paternal Hypospadias (n=3) Contingency
cohort study of occupational was associated with tables
birth defects, exposure based vehicle mechanics,
ising all ts' job t with
C(')mpr¥smg a o.n parents' jo no .Wl OR5.19
births in Norway title (36 agricultural work.
1970 -1993 occupational (1.31-14.24)
groups analysed)
Longnecker, Nested case- Maternal serum  Cryptorchidism Logistic
2002 control study ofa  concentrations of (n=219) was regression
prospective cohort  p,p’-DDT and modestly-to- OR* 1.30
of childre.n with D, p '-D]?E in the mode.rately (0.70-2.40)
neurologic third trimester of  associated when
disorders and other pregnancy boys with the
conditions in USA highest level of OR#1.20
from 1956 to 1966 DDE exposure (0.60-2.40)

were compared
with those with the
lowest.
Hypospadias
(n=199) was not
associated with
DDE level in serum

Aho, 2003 Finnish register- Exposure Hypospadias Poisson
based cohort study assessment was  (n=1,543) was not
of boys born in based on strongly related to
1970-1986 treated  residence at time employment in

regression

for hypospadias in  of delivery and either industry or
1970-1996 before  the proportion of agriculture
the age of 9 years  population

employed in

industry or in

forestry and

farming in each

municipality

(355)
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Table 15. (Continued)

Study Design and Exposure Effects Analysis
Population

Vrijheid, Register-based cohort  Occupation of  Hypospadias Logistic

2003 study from the mothers (348 (n=3471) regression
National Congenital  individual job  increased in the
Anomaly System of titles) recorded offspring of
all birth anomalies in ~ from the ONS  hairdressersand OR”possible”
England and Wales, register, with occupations 1.52
1980-96 special regard  exposed to (1.05-2.20)

to exposure to  phthalates before
potential social class
endocrine adjustment, (they OR”probable”
disrupting were the largest 145
chemicals occupation group (0.99-2.12)
(EDCs) with “possible”

or “probable”

exposure to

EDCs)

Pierik, 2004 Case-control study Parental Cryptorchidism Logistic
nested within a cohort occupational (n=78) was regression
of 8,698 male births,  exposure associated with
in the city of fieter‘mmled by pate.rn'al OR 4.50
Rotterdam (the job title in the  pesticide
Netherlands) from year before exposure (1.40-13.90)
October 1999 to delivery, according to the
December 2001. applying a job- JEM

exposure Hypospadias OR 3.40
matrix for (n=56) was (1.70-7.00)
potential associated with

EDCs, and paternal smoking

considering

self-reported

exposure to
EDCs.

Selected defects: nervous system, cardiovascular, oral clefts, hypospadias/epispadias,

musculoskeletal,

organohalogenated chemicals

and unspecified anomalies

& TEXB-alpha:

estrogenicity due to
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Summary

Sex chromosome mosaicism (45,X0/46XY karyotype) is often associated with an
intersex phenotype and testicular dysgenesis. Undescended testes (cryptorchidism),
hypospadias, and later on, infertility or subfertility and testicular cancer can be signs
of testicular dysgenesis syndrome (TDS). The underlying reason is rarely a
chromosomal abnormality, and for most cases, the etiology remains unknown. It has
been hypothesized that genetic and environmental (including life style) factors that
disturb gonadal development during pregnancy cause TDS, and the outcome
depends on the timing and extent of the disruption. In mild cases, only
spermatogenesis may be affected during adulthood, whereas in severe cases, the
child may have hypospadias or develop testicular cancer at young age. The
hypothesis is supported by clinical and epidemiological evidence that shows a strong
association of the risks for each of the TDS signs, i.e. a boy with cryptorchidism has
an increased risk of infertility and testicular cancer. Experimentally, we can induce
TDS-like changes in animals by treating them with endocrine disrupting
compounds. The challenge for the physicians treating TDS patients is to unravel the
developmental mechanisms and causative agents.
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1. Introduction

Adverse trends in the incidence of cryptorchidism, hypospadias, and testicular
cancer and in sperm counts have been reported during the last decade (Carlsen et al.,
1992; Group, 1992; Adami et al, 1994; Forman and Moller, 1994; Toppari et al.,
1996; Paulozzi et al., 1997; Swan et al., 1997). In addition to the fact that they all
show an increasing incidence, other associations have also been described between
cryptorchidism, hypospadias, testicular cancer and low semen quality. A birth cohort
effect has been observed, both in the incidence of testicular cancer and in the
decrease of the sperm quality, indicating that recent generations have more problems
related to reproductive health (Irvine, 1994; Bergstrom et al, 1996). All four
disorders (testicular cancer, cryptorchidism, hypospadias, and reduced semen
quality) share the same risk factors, e.g. low birth weight and impaired androgen
production/action during fetal life, and they are also risk factors to each other
(Damgaard et al., 2002; Sharpe, 2003). Testicular germ cell cancer arises from
carcinoma in situ (CIS) cells, presumably deriving from germ cells that have
escaped normal fetal differentiation (Skakkebaek et al., 1987; Rajpert-De Meyts et
al., 1998). Furthermore, subfertility, and cryptorchidism have also been described as
being associated with dysgenetic changes in testicular histology (Sohval, 1954; Huff
et al., 1993; Skakkeback et al., 2003). On the other hand, in line with the above
mentioned associations, patients with rare genetic abnormalities causing testicular
dysgenesis (like 45X0/46XY) have an increased risk for testicular cancer, often
combined with cryptorchidism and hypospadias (Aarskog, 1970; Scully, 1981;
Savage and Lowe, 1990). Based on the observed epidemiological and clinical
connections, it has been proposed that all these disorders, reflecting disturbed
function of Leydig or Sertoli cells or impaired germ cell differentiation, are
symptoms of a testicular dysgenesis syndrome (TDS) originating from the fetal
period (Skakkebacek et al, 2001). Nowadays, there is comparable data available on
the incidence of all four TDS-linked disorders in Denmark and Finland, and that will

be presented in the following.

2. Semen quality and testicular cancer

Geographical differences in the incidence of testicular cancer and low semen quality
have previously been described between Denmark and Finland. A study based on
cancer registers (which in Nordic countries have almost perfect coverage of the
incidence of cancers) showed that the incidence of testicular cancer has been
increasing in both countries since the 1950s, and that the rates have been higher in
Denmark as compared to Finland (Adami et al., 1994). The latest register-based
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figures suggest that a similar increasing tendency and a geographical difference still
exist, since the incidences were 7.8 and 1.3 per 100 000 person years in 1980 in
Denmark and Finland, respectively (Adami et al., 1994), whereas the current rates
are 10.3 and 3.2 per 100 000 person years, respectively (Ferlay et al., 2004)). The
current Danish rate is one of the highest reported in the whole world (Ferlay et al.,
2004).

Co-ordinated cross-sectional studies have shown that both fertile Finnish men and
young Finnish men not selected due to fertility have higher sperm concentration
than comparable Danish men (Jorgensen et al, 2001; Jorgensen et al, 2002).
Furthermore, up to 40% of young Danish men from the general population have
been shown to have such a low sperm concentration, below 40 x 106/ml, that it may
compromise their fertility (Bonde et al., 1998; Andersen et al., 2000). French and
Scottish fertile men have been reported to have higher sperm concentration than the
Danish men but lower than the Finnish men (Jorgensen et al., 2001). Although a
retrospective analysis suggests that the sperm counts of infertile Finnish men have
been high and have not changed significantly since the 1960s (Vierula et al., 1996),
reliable time trend analyses concerning changes in the semen quality are possible
only after the performance of comparable prospective studies in the future.

3. Birth rates of cryptorchidism and hypospadias

To explore whether the birth rates of cryptorchidism and hypospadias also show a
similar difference between Denmark and Finland, prospective cohort studies were
simultaneously performed in the two countries. These studies indicated that the
prevalence of congenital cryptorchidism at birth is higher in Denmark as compared
to Finland (9.0% and 2.4% of boys, respectively) (Boisen ef al., 2004). A difference
between countries existed still at the age of three months, though the rates had
declined in both countries due to spontaneous testicular descent (1.9% and 1.0%,
respectively). The birth rate of cryptorchidism has significantly increased in
Denmark as compared to the rate reported in the 1960s (Buemann ef al., 1961). In
Finland, no previous clinical studies have been performed in this area, and therefore
a temporal trend analysis is not possible. The current Finnish rate is lower, and the
current Danish rate is higher, than recently reported in two cohort studies performed
in Malaysia (4.8%) and Lithuania (5.7%) (Thong et al., 1998; Preiksa et al., 2005).
Danish boys also showed a higher birth rate of hypospadias as compared to the
Finnish boys (1.03% vs. 0.27%) (Virtanen et al, 2001; Boisen et al, 2005).
A recent cross-sectional study also showed a higher birth rate of hypospadias in the
Netherlands (0.73%) than in Finland (Pierik ef al., 2002). Comparison of the current
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Finnish rate to previous data, concerning boys born 1970-1986 and operated for
hypospadias by the age of eight years, indicated no increase in the birth rate of
hypospadias in Finland (Aho et al., 2000). Instead, comparison of the current Danish
figure with previous figures concerning hospital discharge data on newborn boys
suggests that the birth rate of hypospadias has also increased in Denmark (Sorensen,
1953; Boisen et al., 2005).

4. Discussion

Consistently higher rates of all four described disorders in Denmark, as compared to
Finland, supports the TDS hypothesis, suggesting that these disorders are
interrelated via a common origin in the fetal period. Although genetic differences
may partly explain the observed differences between Denmark and Finland, when
taken together with the increasing incidence of cryptorchidism, testicular cancer,
and hypospadias, it is more likely to be explained by non-genetic factors, such as
factors related to the environment and life-style. The so-called oestrogen hypothesis
originally stated that the increasing rates of male reproductive disorders would be
due to increased in utero exposure to estrogens (Sharpe and Skakkebaek, 1993).
Later on, this hypothesis has been expanded to also include environmental
chemicals having estrogenic or anti-androgenic effects and thus disturbing the
function of the endocrine system (Toppari et al., 1996). More recently, an imbalance
between fetal estrogen and androgen action has been proposed to have a role in the
development of TDS-linked disorders (Sharpe, 2003).

In experimental animals, disorders linked to the human testicular dysgenesis
syndrome, except for germ cell cancer, have been observed after exposure to
different chemicals having an endocrine disrupting activity (table 16) (Skakkebaek
et al., 2001; Damgaard et al., 2002; Fisher, 2004; Virtanen et al, 2005). Rats
exposed in utero to dibutyl phthalate (DBP) show abnormalities of Leydig cells,
Sertoli cells, and germ cells, and it has been proposed to be a model of human TDS
(Fisher et al., 2003). Exposure of fetal rats to DBP has been shown to reduce fetal
testicular Insl3 mRNA and testosterone production, which have been proposed to be
due to the delayed maturation of the Leydig cells (Wilson et al., 2004). Furthermore,
such exposure has also been associated with reduced testicular Insl3
immunoexpression in adulthood, both in cryptorchid and non-cryptorchid testes
(McKinnell et al., 2005). This may in turn affect spermatogenesis, since INSL3 has
been shown to have an anti-apoptotic effect on rat germ cells (Kawamura et al.,
2004). Thus, similar exposure during the fetal period may result in different
outcomes. This is consistent with the theory of human TDS manifesting with a
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varying number of symptoms, i.e. mild forms perhaps manifesting only with slightly
impaired spermatogenesis and the most serious forms showing all four symptoms
(Skakkebaek ez al, 2001). In humans, cryptorchidism has been associated with
increased chemical exposure level (Hosie et al., 2000) and it remains to be seen
whether further studies will reveal also other exposure-outcome relationships
concerning the human TDS.

Table 16. Examples of chemicals that have endocrine disrupting activity and that have caused
TDS-linked disorders in animal studies

Fungicides Procymidone Ostby et al., 1999; Wolf et al.,
Vinclozolin 2000; Gray et al., 2000
Industrial chemicals Bisphenol A vom Saal et al., 1998; Gray

Benzyl butyl phthalate (BBP)

et al., 2000; Fisher et al., 2003

Dibutyl phthalate (DBP)
Diethylhexyl phthalate (DEHP)

Pesticide congener 1,1-dichloro-2,2-bis(p- Gray et al., 1999

chlorophenyl)ethylene (DDE)
(congener of DDT)
Pharmaceuticals Diethylstilboestrol Yasuda et al., 1985; Walker
Ethinyl estradiol et al, 1990; Mclntyre et al.,
. 2001; McLachlan et al., 2001
Flutamide
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Summary

During the past decade, considerable information concerning the effects of
endocrine disrupters (EDCs) on animals and humans has been accumulated. These
compounds of anthropogenic or natural origin mimic the action of sex hormones,
thus disturbing the endocrine system. The present overview covers the different
classes of EDCs, such as pesticides (that act as androgen receptor (AR) antagonists,
i.e. anti-androgens), and phthalates and dioxins (which appear to inhibit fetal
testosterone synthesis). The effects of these compounds on steroidogenesis by
Leydig cells and reproductive development are reviewed and their possible key role
in connection with increasing frequencies of abnormalities in reproductive
development, such as hypospadias and cryptorchidism, is debated. Moreover, the
influence of different classes of EDCs on ovarian and adrenal steroidogenesis is also
described. In addition, putative interactions between EDCs and mediators of
inflammation, that can potentially intensify the inflammatory process, are discussed.
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1. Introduction

Via the food chain, air and water, man and wildlife are exposed to numerous agents
of anthropogenic or natural origin that can interact with the endocrine system. These
so-called endocrine disrupters either activate or inhibit various endocrine pathways,
depending on which cell-signalling receptors they bind to. The function of steroid
hormone receptors such as ligand-inducible transcription factors is crucial to normal
sex differentiation during embryonic development. Thus, inhibition of the action of
the androgen receptor (AR) by metabolites of pesticides and fungicides during male
sex differentiation and development often gives rise to abnormalities in reproductive
organs. Similarly, the reduction in androgen production by fetal Leydig cells caused
by exposure to phthalates leads to incomplete masculinization and various
malformations in the reproductive tract of both humans and animals. Androgen
deficiency during prenatal development is thought to disturb differentiation of the
Wolffian duct, a process crucial to the proper development of reproductive organs.

Furthermore, different classes of EDCs exert harmful effects on hormonal function
of ovaries and adrenals and can thereby affect reproductive potential and
homeostasis in humans and animals.

In addition, evidence that environmental EDCs can induce the production of pro-
inflammatory cytokines and thereby modulate inflammatory processes is beginning
to accumulate. Thus, interaction between low-grade endotoxinemia (possibly
originating from subclinical infection) and EDCs, involving pro-inflammatory
cytokines as mediators, may disturb steroidogenesis during a critical window of
development.

The aim of this review is to give an overview of the reported effects of EDCs on
testicular, ovarian and adrenal steroidogenesis with respect to reproduction, fertility
and metabolic homeostasis.

2.  The role of androgens in male fetal differentiation

Development of the male reproductive tract is a dynamic process requiring the
interaction of numerous factors and hormones. Among the major factors essential to
the proper development of the internal and external male reproductive tract are the
androgens testosterone and dihydrotestosterone (DHT) (Wilson, 1978). The testes of
the human male embryo begin to secrete androgens after 9 weeks of gestation.
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Development of the Wolffian duct, as well as virilization of external genitalia,
occurs between 9 and 15 weeks of gestation.

Testosterone, the levels of which peaks between 11 and 18 weeks of gestation,
stimulates differentiation of this Wolffian duct system into the epididymis, vas
deferens and seminal vesicles. Masculinization of the external genitalia and prostate
is mediated primarily by DHT, a more potent metabolite of testosterone produced by
the enzyme So-reductase. Simultaneously, the Sertoli cells of the fetal testis secrete
anti-Miillerian hormone (AMH), which induces regression of the Miillerian duct.

The actions of both testosterone and DHT are mediated by a nuclear receptor that is
expressed in both the internal and the external genitalia. In the human male fetus,
this androgen receptor (AR) is expressed as early as after 8 weeks of gestation, prior
to the onset of androgen secretion, and at a higher level in genital than in urogenital
structures. Upon high-affinity binding of its agonists, AR undergoes conformational
changes and is imported into the nucleus where it dimerizes (Wong et al., 1995).
This dimer then binds to an androgen response element located within introns or
flanking regions of responsive genes and activates their transcription (Tan et al,
1992). The resulting gene products are responsible for androgen-dependent
functions crucial to the sexual differentiation of developing tissues.

Binding of anti-hormones to AR is thought to induce a conformation that differs
from that associated with agonist binding, thereby altering the ability of this receptor
to activate gene transcription (Eckert and Katzenellenbogen, 1982). The models for
this anti-hormone action that have been proposed include two mechanisms that
differ with respect to the ability of AR to bind to DNA: Type I antagonists are
proposed to prevent binding to DNA, whereas Type II antagonists promote this
binding, but nevertheless do not allow initiation of transcription (Truss ef al., 1994).

The environmental anti-androgens identified to date exhibit low-to-moderate affinity
for AR and act as Type I antagonists (Kelce e al., 1995). It has been suggested that
binding of several ligand molecules to the same receptor dimer is required for AR
antagonism (Wong et al, 1995), but the specific mechanism(s) by which AR
binding to DNA is inhibited remains unknown. This mechanism could involve
enhanced AR degradation as a consequence of an inappropriate conformation,
and/or of an inability of rapidly dissociating ligands to stabilize the receptor
(Kemppainen et al., 1992).

Interestingly, the steroid-binding characteristics of AR isolated from the embryonic
urogenital tract are identical to those of the corresponding receptor in tissues of the
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adult reproductive tract (Bentvelsen et al., 1994). Thus, the greater sensitivity of the
developing male fetus to the anti-androgenic effects of environmental chemicals
may simply be a result of the lower levels of endogenous androgens present.
Accordingly, any event which impairs testosterone and/or DHT formation or the
normal functioning of the AR may result in deficient androgen action in a male fetus
and subsequent inadequate virilization of the newborn male (Sultan ez al., 2001).

3. Functions of the fetal Leydig cell

During the prenatal period, the fetal Leydig cell is the primary source of androgens.
During the fetal period, these cells secrete testosterone and other androgens which
regulate not only the masculinization of internal and external genitalia, but also
neuroendocrine function.

The development of fetal Leydig cells can be divided into three phases,
idifferentiation, fetal maturation and involution (Pelliniemi and Niei, 1969). In the
human fetal testis, the differentiation phase occurs at a fetal age of 8-14 weeks; fetal
maturation occurs during the 14th-18th weeks of gestation; and the phase of
involution extends from 18-38 weeks. Also, in humans, the maximum number of
Leydig cells per pair of testes (48x10°) has been reported to be present during weeks
13-16 of gestation (Codesal et al., 1990).

Initial expression of the enzymes of the steroidogenic pathway and the onset of
testosterone synthesis in fetal Leydig cells is independent of luteinizing hormone
(LH) and its receptor; but following the appearance of this hormone and its receptor,
they regulate testosterone synthesis trophically (Huhtaniemi and Pelliniemi, 1992).
In the rat, the full-length mRNA encoding the extracellular domain of the LH
receptor appears at a gestational age of 16.5 days and, employing in situ
hybridization, has been localized to the Leydig cells (Zhang et al., 1994).

The major androgen produced by fetal Leydig cells is testosterone (Murono, 1990).
Androgens are synthesized from cholesterol by the sequential actions of the
cytochrome P450 side-chain cleavage enzyme (P450scc), 3p-hydroxysteroid
dehydrogenase (3BHSD), cytochrome P450170—hydroxylase (P450c17) and
17B-hydroxysteroid dehydrogenase/17-ketosteroid reductase (17HSD/17KSR), all
of which are expressed in the fetal testis (Greco and Payne, 1994). Indeed, P450scc,
3BHSD, and P450c17 are expressed exclusively by the Leydig cells (Majdic et al.,
1998; Sha et al., 1996). However, O’Shaughnessy ef al. (2000) have shown that fetal
mouse Leydig cells synthesize predominantly androstenedione and that the enzyme
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isoform that converts this weak androgen into the more potent testosterone, 17[3-
hydroxysteroid dehydrogenase type III, is expressed primarily by Sertoli cells
(O'Shaughnessy et al., 2000).

In addition to androgens, fetal Leydig cells secrete insulin-like factor-3 (Insl3), also
referred to as relaxin-like factor, which acts on the gubernaculum of the testis and
plays a key role in guiding the testis during its transabdominal descent (Sharpe,
2001).

4. Impact of endocrine disrupters on male reproductive health

Normally, descent of the testicles into the scrotum is not completed until the third
trimester of gestation. In humans, initial, transabdominal phase of descent occurs at
10-15 weeks of gestational age and the fetal testicle migrates from the groin to the
scrotum during weeks 26-35 (Hutson ef al., 1994). Inguinal descent, the phase most
commonly disrupted, is dependent on testosterone. Cryptorchidism, a condition in
which one or both testicles fail to descend into the scrotum is the most common
ailment affecting newborn male children, exhibiting a frequency of 1-4% among live
male births. Epidemiological studies have revealed that the risk for cryptorchidism is
higher among the sons of women working with pesticides (Weidner ef al., 1998).
Furthermore, significantly higher concentrations of hexachlorbenzene and
heptachlorepoxide were found in the adipose tissue of boys with testicular
maldescent, compared to a control group (Hosie ef al., 2000).

The most common birth defects caused in humans by inhibition of AR action are
alterations in the development of the external male genitalia (Sweet et al., 1974).
During the first 12 weeks of gestation, a critical period in this development (Kalloo
et al., 1993), fetal androgens induce ventral folding and fusion of the urethral fold to
form the penis, as well as fusion of the labioscrotal folds to form the scrotum.
During the second and third trimesters of gestation, androgen-dependent growth of
these structures continues.

Another clinical problem that may be related to environmental anti-androgens is the
increasing incidence of hypospadias (incomplete fusion of the urethral folds of the
penis, causing the urethral opening to be displaced from the tip of the penis). It has
been reported that the exposure of fathers to dioxins in connection with the Seveso
accident in 1976 resulted in an increased incidence of hypospadias among their sons
(Baskin et al., 2001). Furthermore, isolated hypospadias in the human population are
seldom associated with mutations in the coding sequence of the AR gene (Allera
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et al., 1995), with a deficiency in steroid So-reductase (type 2) (Wilson ef al., 1993) or
with reduced levels of AR (Bentvelsen et al., 1995). Thus, the increased incidents of
human idiopathic hypospadias and cryptorchidism suggest that environmental anti-
androgens may disrupt the normal development of male genitalia in utero (Jirasek,
1971).

5. Effects of environmental anti-androgens on the reproductive development
and hormonal functions of Leydig cells

The environmental anti-androgenic compounds that have been well-characterized
include procymidone, linuron, vinclozolin and p,p’-DDT and its derivatives, all of
which are antagonists of AR and inhibit androgen-dependent tissue growth in vivo
(Gray et al., 1999b). None of these pesticides or their metabolites appear to display
significant affinity for the oestrogen receptor or to inhibit Sa-reductase activity in
vitro (Kelce et al., 1995).

5.1.  Procymidone

Procymidone(N-(3,5-dichlorophenyl)-1,2-dimethyl-cyclopropane-1,2dicarboximide)
is widely used as a fungicide for the control of plant diseases. The weak anti-
androgenic activity in these compound, reflected in a low affinity of its binding to
the androgen receptor in the prostate, probably explains why it causes
hypergonadotropism (Hosokawa et al., 1993). A feasible hypothesis is that long-
term administration of procymidone inhibits the negative feedback exerted by
androgens on the hypothalamus and/or the pituitary, thereby causing
hypergonadotropism in rats. The lesser ability of testosterone to bind to the androgen
receptor in this situation suppresses the inhibitory feedback of testosterone on LH
production, by preventing the hypothalamus and anterior pituitary from recognizing
the presence of testosterone. This results in hypersecretion of LH with concomitant
elevation of serum testosterone (see outline of proposed mechanisms in Figure 1).
Long-term hypergonadotropism and hyperstimulation of Leydig cells induced by
procymidone give rise to interstitial cell tumours in male rats (Murakami et al.,
1995).

Furthermore, in this same connection, long-term dietary administration of
procymidone to rats has been reported to lead to elevated serum levels of
testosterone and LH (Murakami et al, 1995). Recent findings from our own
laboratory reveal that dietary administration of procymidone to rats for three months
not only enhances serum levels of LH and testosterone, but that the Leydig cells
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isolated from these animals display an enhanced capacity for producing testosterone
in response to stimulation by hCG or (Bu)2cAMP, as well as elevated levels of
StAR, P450scc and P450c17 (Svechnikov ef al., 2005).

Mormal male sexual development EDCs (antiandrogen) exposure
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Figure 8. Schematic overview of the hypothalamo-pituitary-testis axis and the hypothesized
suppressive effects of anti-androgen exposure. Anti-androgens bind to the androgen receptor
(AR) disturbing the formation of the testosterone-androgen complex. The lesser ability of
testosterone (T) to bind to the AR suppresses the inhibitory feed back of T on LH production
by preventing the hypothalamus and anterior pituitary from recognizing the presence of T.
This results in hypersecretion of LH, development of hypergonadotropism and increased
production of T by Leydig cells. Blocking peripheral AR by anti-androgens inhibits androgen-
mediated effects on target organs resulting in incomplete masculinization and malformations
in the male reproductive tract of humans and animals

5.2. Linuron

Linuron (3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea) is currently being
marketed as a selective urea-based herbicide for pre- and/or post-emergence control
of weeds in crops, and potatoes. This compound binds to both rat prostatic and
human AR (hAR) and inhibits DHT-induced gene expression in vitro (Cook et al.,
1993). The anti-androgenic effect of linurone is observed clearly upon
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administration during gestation (Gray et al., 1999b; Lambright et al., 2000) or in a
Hershberger assay (Lambright et al., 2000). For example, administration of linurone
(100 mg/kg daily) to rats during days 14-18 of gestation induces epispadias,
decreases in the anogenital distance (AGD) and reduction of the size of androgen-
dependent tissues in male offspring (Gray et al., 1999b). Similarly, administration of
linuron (200 mg/kg daily) to sexually immature and mature rats for 2 weeks has
been shown to decrease the weights of accessory sex organs and increase serum
estradiol and LH levels, without altering the serum concentration of testosterone
(Cook et al., 1993). Cook et al. concluded that this inability of linuron to increase
testosterone levels may reflect the lower potency of this compound in comparison to
flutamide and that the elevation of serum estradiol may be due to enhanced
conversion of testosterone to estradiol via aromatase activity.

In addition, fetuses exposed in utero to linuron (50 mg/kg/day) demonstrated
neither significant changes in their intratesticular or serum levels of testosterone nor
abnormal clusters of Leydig cells (Mclntyre et al, 2002). In contrast, prenatal
exposure to linuron (75 mg/kg/day) from gestational day 14-18 has recently been
shown to decrease testosterone production by fetal Leydig cells (Hotchkiss et al.,
2004). This latter study suggests that linuron disrupts the development of androgen-
dependent tissues primarily by acting as an AR antagonist and inhibiting
testosterone synthesis by the fetal testis.

5.3 Vinclozolin

Vinclozolin is a dicarboximide fungicide that has two active metabolites, M1 and
M2, which have anti-androgenic properties. These metabolites compete for AR
androgen binding and inhibit DHT-induced transcriptional activation by blocking
AR binding to androgen response element DNA (Wong ef al., 1995).

It have been shown that oral administration of vinclozolin delayed pubertal
maturation, retarded sex accessory gland growth and increased serum LH,
testosterone and Soa-androstane, 3a,17B—diol concentrations (Monosson et al.,
1999). This effect of vinclozolin is thought to result from blocking the formation of
the testosterone-androgen receptor complex by this compound, as was described for
procymidone. Studies in vivo have also revealed that vinclozolin-treated male
offspring display female-like AGD at birth, retained nipples, undescended testes and
small sex accessory glands (Gray ef al., 1999a). Further, the most sensitive period of
fetal development to antiandrogenic effects of vinclozolin was found to be on
gestation days 16-17 (Wolf et al., 2000). Experiments in vitro have recently revealed
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that vinclozolin did not effect on basal and hCG-stimulated testosterone production
by rat Leydig cells in primary culture (Murono and Derk, 2004). In addition,
vinclozolin was recently reported to decrease spermatogenic capacity and to increase
the incidence of male infertility in rats. These effects were transferred through the
male germ line to nearly all males of all subsequent generations examined from F1
to F4 generations, suggesting an epigenetic mechanism of action (Anway et al.,
2005).

54.  p,p’ DDT and its derivatives

p,p -DDE, a metabolite of the environmentally persistent pesticide DDT, acts as an
antagonist of AR both in vivo and in vitro (Kelce et al., 1995). When p,p’-DDE (100
mg/kg daily) was administered to rats during development on days 14-18 of
gestation, the AGD was reduced and hypospadias, retention of nipples and reduction
in the weights of androgen-dependent tissues occurred (Gray et al, 1999b).
Moreover, long-term administration of p,p’-DDE to rat pups from the time of
weaning until approximatly 50 days of age did not significantly alter the weights of
accessory sex organs or serum hormone levels (Kelce ef al., 1995), but did produce
pronounced reductions in androgen-dependent tissue weights in the Hershberger
assay (Gray et al., 1999b). As with rats, administration of p,p’-DDT or p,p’-DDE to
rabbits during gestation induces reproductive abnormalities, including
cryptorchidism, in the male offspring (Gray ef al., 1999b).

It has also been suggested that p,p’-DDE causes abnormalities in the reproductive
development of wildlife (Facemire et al., 1995). For instance, high concentrations of
p,p’-DDE, together with enhanced susceptibility of the developing reproductive
system to this environmental anti-androgen due to a loss of genetic diversity, may be
contributing to the high incidence of cryptorchidism in the Florida panther
(Facemire et al., 1995).

Following the ban on DDT, methoxychlor (MC), a derivative of DDT, has found
increasing use as an insecticide. Methoxychlor is converted metabolically to several
monohydroxy- and dihydroxy-metabolites that exhibit estrogenic activity (Bulger et
al., 1978). Previous studies have shown that daily exposure of male Long-Evans
hooded rats to MC (100 or 200 mg/kg, by gavage) from the day of weaning to
approximately 97-100 days of postnatal age reduces both circulating levels of
testosterone and the hCG-induced stimulation of testosterone production by
decapsulated testes (Gray et al., 1989).
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HPTE, a metabolite of MC, binds to ERa (Waller et al, 1996) and acts as an
ERo agonist and ERf antagonist in human HepG2 hepatoma cells (Maness et al.,
1998). Recent studies have revealed that HPTE inhibits both the basal and hCG-
stimulated production of testosterone by cultured Leydig cells from adult rats,
primarily by interfering with P450scc, which converts cholesterol to pregnenolone
(Akingbemi ef al., 2000; Murono and Derk, 2004).

6. Effects of phthalates on Leydig cell function and reproductive development

Phthalates are widely used as plasticizers in the production of plastics, as well as
solvents in inks, and are present, among other places, in food packaging and certain
cosmetics (Thomas and Thomas, 1984). Although diethylhexyl phthalate (DEHP)
and monoethylhexyl phthalate (MEHP) disturb reproductive development in an anti-
androgenic fashion, neither of these compounds binds to AR (Parks et al., 2000). It
has now been established that such phthalates inhibit Leydig cell steroidogenesis at
different ages of fetal development.

For example, prenatal exposure of rats to DEHP attenuates serum levels of both LH
and testosterone in male offspring at 21 and 35 days of postnatal age (Akingbemi et
al., 2001). In contrast, treatment with DEHP for two weeks postnatally (beginning at
21 or 35 days of age) results in a significant decrease in the activity of 17BHSD and
reduces testosterone production by Leydig cells by 50%. On the other hand,
treatment of adult rats with DEHP does not influence their Leydig cell
steroidogenesis (Akingbemi et al, 2001). It has been concluded that the effects of
DEHP on Leydig cell steroidogenesis are dependent on the stage of development at
the time of exposure and may involve modulation of the activities of steroidogenic
enzymes and/or serum levels of LH.

Furthermore, prenatal exposure of rats to di(n-butyl)phthalate (DBP) during days 12-
21 of gestation gives rise to Leydig cell hyperplasia and adenomas, as well as
agenesis of the epididymis. Despite the increased numbers of Leydig cells present
after such exposure, testicular levels of testosterone are reduced at 18 and 21 days of
gestation age. It has been suggested that the proliferation of Leydig cells observed in
rat fetuses exposed to DBP may be a compensatory mechanism designed to increase
testicular steroidogenesis in response to levels of testosterone that are insufficient to
promote normal differentiation of the male reproductive tract (Mylchreest et al.,
2002).
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In addition to reducing testicular levels of testosterone, inhibition of fetal Leydig cell
steroidogenesis by phthalates causes numerous malformations of androgen-
dependent tissues in male rats, including a decrease in the anogenital distance,
hypospadias, epididymal agenesis and testicular atrophy (Gray et al., 2001). These
abnormalities are suggestive of sub-optimal virilisation of the Wolffian duct and
urogenital sinus. Recent investigations have revealed that treatment with phthalates
interferes with the transcription of several key genes involved in both cholesterol
transport and the biosynthesis of testosterone (Barlow ef al., 2003; Thompson et al.,
2004). Thus, Thompson et al. (2004) reported that such treatment attenuates the
expression of scavenger receptor B1 (SR-B1), steroidogenic acute regulatory protein
(StAR), P450scc, 3BHSD and cytochrome P450c17 in the fetal rat testis.
Interestingly, the suppression of testosterone synthesis induced by DBP is reversible,
with recovery coinciding with the clearance of DBP and its testicular metabolite
(Thompson ef al., 2004).

In summary, both DBP and DEHP induce a 60-85% reduction in fetal testosterone
levels during the critical period of reproductive development (Akingbemi et al.,
2001; Mylchreest et al., 2002). Thus, it is probable that exposure of fetuses to
phthalates may lead to incomplete masculinization and various malformations in the
male reproductive tract of humans and animals. This suggestion is supported by the
recent findings of a decreased anogenital distance in boys born to mothers with high
levels of phthalates in their urine. This report is one of the first directly associating
prenatal exposure to phthalates at environmentally relevant levels to adverse
outcome of male reproductive development in humans (Swan et al., 2005).

7. Effects of dioxin on androgen production by Leydig cells
and on reproductive health

Polychlorinated dibenzo-p-dioxins such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) are released into the environment as a by-product of the manufacture of
chlorinated hydrocarbons and other industrial processes, and are recognized as being
highly potent developmental and reproductive toxins. The toxicity of TCDD is
mediated by translocation of an aryl hydrocarbon receptor (AhR) nuclear
translocator complex into the nucleus, where it binds to dioxin-responsive elements
on DNA, and/or by interfering with various other signalling molecules in cells
(Reyes et al., 1992).

TCDD suppresses steroidogenesis by Leydig cells. Thus, Leydig cells in the testis of
rats exposed to this compound are reduced in size and number; contain a decreased
volume of smooth endoplasmic reticulum; and carry out weak steroidogenesis
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(Johnson et al, 1994). Additional experiments have demonstrated that
pharmacological treatment of rats with human chorionic gonadotropin (hCG)
preserves the Leydig cell cytoplasm and organelles in sufficient quantities to prevent
this disturbance of Leydig cell function by TCDD (Wilker et al, 1995). TCDD
treatment is also associated with inhibition of the mobilization of cholesterol and of
the activities of cytochromes P450scc and P450c17 in Leydig cells (Mebus et al.,
1987; Moore et al., 1991). Many or all of these alterations in steroidogenesis might
be explained by the recent finding that TCDD inhibits the formation of cAMP by
cultured Leydig cells (Lai et al., 2005).

Interestingly, a single dose of TCDD (ranging from 50 ng to 2 pg/kg) to rats or
hamsters during sexual differentiation gives rise to a number of reproductive
alterations in the male, including delayed puberty and reductions in the size of the
ventral prostate, seminal vesicle and testis (Gray et al., 1995). The observation that
these animals do not display decreased anogenital distance (AGD) or areolas
suggests that TCDD may also be affecting the developing reproductive tract via
pathways that do not involve the AR.

Much less is known about the potential effects of TCDD on the functions of human
Leydig cells. The report that serum levels of dioxin correlated positively with serum
levels of LH and negatively with testosterone levels in men exposed to dioxin in a
chemical plant (Egeland ef al., 1994), indicates that TCDD may exert a direct toxic
effect on the human Leydig cell.

8. Effects of endocrine disrupters on adrenal function

The rich supply of blood to the adrenal gland in relationship to its small tissue mass
enhances the relative exposure of this endocrine organ to xenobiotics. Moreover,
because of the high lipid content of the adrenal cortex, lipophilic compounds readily
accumulate in this region (Szabo and Lippe, 1989).

The DDT metabolite 3-methylsulfonyl-DDE (3-MeSO2-DDE) has been reported to
exert toxic effects on the mitochondria in the adrenal zona fasciculate of mice
(Jonsson et al., 1991). In vitro, this compound binds to the mitochondria-containing
fraction of the rat adrenal with an affinity that is 50-fold greater than that of its
binding to the post-mitochondrial supernatant fraction. Furthermore, transmission
electron microscopy has revealed that a single intraperitoneal injection of MeSO2-
DDE into a rat induces morphological changes in adrenal mitochondria, including
the disorganization and disappearance of central cristac (Jonsson et al., 1991). In
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addition, aryl methyl sulfone metabolites of PCBs and DDT competitively inhibit
CYP11B1-catalyzed activity in the mouse adrenocortical Y1 cell line (Johansson et
al., 1998). Polychlorinated biphenyls (PCBs) similar in structure to dioxin have been
shown to accumulate in the adrenal glands (Brandt, 1977) and to act as EDCs by
disturbing adrenocortical steroidogenesis. PCB 126 was recently found to attenuate
both basal and cAMP-induced androstenedione production, as well as the expression
of CYP17 mRNA in the human adrenocortical H295R cell line. In contrast, high
concentrations of PCB126 stimulate basal cortisol and aldosterone biosynthesis, and
up-regulate the expression of mRNAs coding CYP21B, CYP11BI, and CYP11B2 in
these same cells (Li and Wang, 2005). Similar observations have been made in
animal studies, where treatment of male rats with Arochlor 1254 (a mixture of
PCBs) by gavage for 15 weeks leads to elevation of the basal serum level of
corticosterone, without affecting the increase in corticosterone level caused by stress
(Miller et al., 1993). It has been suggested that high concentrations of PCB126
enhance the sensitivity and responsiveness of adreno-cortical cells to ACTH by up-
regulating the expression of membrane receptors (Li and Wang, 2005).

In our current studies we employ rat adrenocortical cells in primary culture (figure 9A)
as a convenient model for elucidating the effects of EDCs on the hormonal functions
of these cells. Recently, we have demonstrated that resveratrol, a compound that
occurs naturally in grapes and red wine (Gehm et al., 1997), markedly suppresses
adrenocortical steroidogenesis.

Figure 9. Light microscopic images of different types of steroidogenic cells in primary
culture. These cells were isolated from rats and analyzed for the expression of various
steroidogenic proteins. A) Untreated adrenocortical cells stained immunohistochemically for
11B-hydroxylase protein. B) Leydig cells stimulated with IL-lain vitro and stained
immunohistochemically for the StAR protein. C) Ovarian granulosa cells stained
immunohistochemically for P450scc

As seen in figure 10, resveratrol decreases the ACTH-stimulated production of
corticosterone by rat adrenocortical cells in culture by 40% (Supornsilchai,
unpublished data). Additional experiments revealed that progesterone could not be
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adequately metabolized to corticosterone by these cells, due to suppression of the
expression of cytochrome P450c21 (Supornsilchai et al., 2005). Resveratrol is
presently being used to treat several types of cancer and as a cardioprotectant, and
possible alterations in the hormonal functions of the adrenal gland should be
monitored during long-term therapy involving this substance.
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Figure 10. Resveratrol inhibits ACTH-induced activation of steroidogenesis in rat
adrenocortical cells. Primary cultures of rat adrenocortical cells were pre-incubated with
different concentrations of resveratrol for 24 h, following which fresh medium was added and
incubation continued in the presence of ACTH (0.1 ng/ml) with or without resveratrol for an
additional 24 h. Corticosterone in the medium was measured by RIA. The results presented
are the means * S.E of triplicate determinations and are expressed as percentages of control
value. Each experiment was performed four times with the same results. "P<0.05 compared to
incubation with ACTH alone

9. Effects of endocrine disrupters on the hormonal functions of ovarian cells

It has been long recognized that various groups of EDCs exert harmful effects on the
female reproductive system. Development of the female fetus and female
reproductive system is strictly regulated by the hormones produced by the
hypothalamus pituitary gonadal axis, including: gonadotropin-releasing hormone
(GnRH), produced by the hypothalamus; gonadotropins such as follicle-stimulating
hormone (FSH) and luteinizing hormone (LH), produced by the pituitary gland, and
estrogens produced by the ovary. The signalling pathways initiated by any of these
hormones may be a target for the toxic effects of endocrine-disrupting
environmental chemicals, since they all involve specific hormone receptors to which
xenobiotic toxicants may bind.
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Exposure of primary cultures of granulosa cells to DDE, the most stable metabolite
of DDT, decreases their FSH-stimulated synthesis of cAMP and progesterone and
increases their rate of proliferation (Chedrese and Feyles, 2001). In contrast, lower
concentrations of DDE up-regulate the expression of P450scc and enhance
progesterone synthesis in these same cells (Crellin et al., 2001). Clearly, the
alterations in steroidogenesis by granulosa cells induced by DDE are dose-
dependent. Similarly, methoxychlor, a methoxylated analogue of DDT that is more
labile and readily degraded also inhibits progesterone synthesis by cultured
granulosa cells, but without affecting the generation of cAMP, suggesting that the
site of action of this compound is downstream from this second messenger
(Chedrese and Feyles, 2001). Furthermore, it was reported recently that single
exposure of a co-culture of granulosa and theca cells to p,p’-DDT and its metabolite
p,p’-DDE increases estradiol secretion, suggesting an estrogenic effect (Wojtowicz
et al., 2004).

Phthalates are also thought to exert toxic effects on female reproduction. For
example, chronic exposure of female factory workers to elevated levels of phthalates
has been associated with decreased rates of pregnancy and higher rates of
miscarriage (Aldyreva et al., 1975). During pregnancy and delivery, both the mother
and fetus may be exposed to DEHP originating from the plastic in medical devices,
an exposure that can potentially disturb the normal development of the female
reproductive organs.

In studies on rats, treatment with DEHP decreases serum levels of estradiol,
prolongs the estrous cycle and prevents ovulation (Davis et al., 1994a). The
functionally significant reduction in estradiol level and the smaller follicles
observed, indicate that the granulosa cells of the ovary are a target for the toxic
effects of DEHP.

Primary cultures of rat granulosa cells (Figure 9C) respond to follicle-stimulating
hormone (FSH) by up-regulating steroidogenic enzymes and hormone production by
these cells can thus be monitored in vitro. Experiments with such primary cultures
have been employed to elucidate the mechanism by which phthalates suppress the
hormonal functions of rat granulosa cells. MEHP inhibits the FSH-stimulated
production of cAMP and progesterone by these cells, effects that can be prevented
by activators of adenylate cyclase or, in the latter case, by pregnenolone (Treinen et
al., 1990). However, MEHP also decreases estradiol production by FSH —stimulated
rat granulosa cells, indicating inhibition of aromatase activity (Davis et al., 1994b).
Further studies in this connection revealed that MEHP decreases aromatase mRNA
and protein in a dose-dependent manner (Lovekamp and Davis, 2001). In contrast,
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another mono-phthalate, MBP, had no influence on estradiol production by rat
granulosa cells (Lovekamp-Swan and Davis, 2003).

TCDD and other dioxins are also known to adversely affect female reproductive
functions in several experimental animals. A single dose of TCDD administrated to
the laboratory macaque induces abortion, accompanied by a decrease in the serum
level of estradiol (Guo ef al., 1999). Furthermore, rats exposed in utero to TCDD on
day 8 of gestation exhibit a 30% reduction in ovarian weight at 1.5 years of age,
compared to untreated animals.

Moreover, an early decline in the fertility of rats treated in this manner was also
evident, since only 19% of the exposed female progeny produced a fifth litter, as
compared to 61% in the control group. In addition, at 1 year of age, 47% of the rats
exposed in utero to TCDD exhibited persistent vaginal estrus, as compared to only
16% of the control animals (Gray et al., 1995). Such a state of continuous estrous
can lead to infertility, as well as alterations in the cycling levels of estradiol and
progesterone. It is of interest to note that in this same study, female progeny exposed
to an identical dose in utero on day 15 of gestation displayed a lower degree of
functional ovarian toxicity than those exposed on day 8§, although enhanced
frequencies of congenital malformations in the reproductive organs were apparent in
both groups. In addition, p-dioxins and other poly halogenated aromatic
hydrocarbons can increase the bio-availability of endogenous estrogens in target
tissues, through the inhibition of the enzymes involved in estrogen inactivation
(Kester et al., 2002).

The response of primary cultures of rat granulosa cells to TCDD is dependent on the
stage of sexual maturity of the animal at the time the cells are collected, the duration
of exposure, and the presence or absence of FSH (Dasmahapatra et al., 2000). In the
case of luteinized human granulosa cells TCDD significantly attenuates the
induction of P450 arom and P450scc by FSH and, in addition, exerts direct negative
effect on granulosa cell steroidogenesis, by decreasing PKA activity and
progesterone production (Enan et al., 1996). Furthermore, a recent study found that
TCDD attenuates induction of LH receptor mRNA by FSH in cultured rat granulosa
cells (Minegishi et al, 2004). Overall, it can be concluded that dioxin and its
derivatives exert significant harmful effects on the hormonal functions of the ovary
and can thereby disturb reproduction and fertility in humans and animals.

In addition, some heavy metals, such as cadmium, antimony and barium, were
reported to possess estrogenic activity, as revealed by transcriptional expression and
E-screen assay systems (Choe ef al., 2003). Further, in studies in vivo, exposure to
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cadmium was demonstrated to increase uterine wet weight, promote growth and
development of the mammary glands and induced hormone-regulated genes in
ovariectomized animals (Johnson et al., 2003).

Additionally, some environmental chemicals such as alkylphenols, bisphenol A and
several xenoestrogens may displace endogenous sex steroid hormones from human
plasma sex-hormone binding globulin (SHBG) binding sites and disrupt the
androgen-to-estrogen balance (Dechaud et al., 1999).

10. Endocrine disrupters, inflammation and androgen production

Increasing evidence indicates that single endocrine disrupting chemicals act in
synergy with other exogenous influences (including other EDCs) and endogenous
host response mediators, amplifying their deleterious effects on health. In daily life,
and contrary to the conditions in most experimental models, humans are never
exposed to single substances alone. Instead a complex mixture of environmental
xenobiotics including EDCs, microorganisms causing clinical and subclinical
infections, and a multitude of other influences are continuously challenging the
human organism. It is well known from chock and tissue injury models that hits
from two or more factors simultaneously may result in an aggravated tissue response
compared with the additive action of the single exposures alone (Colletti et al,
1996; Hagberg and Mallard, 2005). Local host-defence mechanisms play an
important role in these processes and may contribute to the tissue injury. Using the
developing brain as model, it was found that the deleterious effects of ischemia or
hypoxia at a level with little if any effect of these single factors alone were severely
and synergistically aggravated in the presence of low-grade infection,
experimentally mimicked by injection of endotoxin (Hagberg and Mallard, 2005).
The effects of endotoxin were found to be mediated by pro-inflammatory cytokines,
as cytokine inhibitors were shown to alleviate the injury.

An important finding in the present context was that endotoxin and even
physiological mediators such as hCG were able to stimulate the expression of a wide
array of pro-inflammatory cytokines by the testis at the transcriptional and
translational levels. Thus, following systemic exposure to endotoxin (Jonsson et al.,
2001) or treatment with hCG (Assmus et al., 2005), IL-1¢, and IL-6 showed de novo
expression in the testis and several other pro-inflammatory cytokines including IL-
la, IL-1ra and TNFq were increased (Jonsson et al, 1999). We also recently
demonstrated that another member of the IL-1 super-family, interleukin-18, is
expressed constitutively by the testis (Strand et al., 2005).
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There is also a direct link between EDCs and cytokine expression in different tissues
including the testis. Thus, mono phthalates were recently shown to enhance IL-6 and
IL-8 synthesis in the human epithelial A 549 cell line (Jepsen ef al., 2004) and acute
exposure to phthalates was found to induce a rapid and transient increased
production of IL-1 by the rat testis (Granholm et al., 1992). From the above
discussion, it might be hypothesized that exposure to EDCs during a state of chronic
or acute inflammation might exacerbate the inflammatory process through the
interaction with one or more pro-inflammatory cytokines, resulting in a synergistic
negative effect on androgen action (see below). If such exposure coincides with
hormone sensitive time-windows in fetal development malformations of
reproductive organs and injury to other differentiation processes may occur.

The testicular damage caused by phthalates includes damage to the cell membrane
of Sertoli cells, followed by the disruption and death of germ cells and an interstitial
inflammatory reaction (Creasy et al., 1987). DEHP-induced gonadotoxicity was
observed to be mediated by increased production of reactive oxygen species, since
antioxidant vitamins significantly accelerated regeneration of seminiferous
epithelium (Ablake et al., 2004). This observation is in line with the growing body
of data on the role of oxidative stress in the mechanisms of toxicity of several EDCs
(Abdollahi ef al., 2004). Thus, one common pathway by which both inflammatory
cytokines and some EDCs might exert their deleterious effects on target organs is
through the excessive generation of reactive oxygen species.

Chronic inflammation and systemic activation of immune responses are known to be
associated with a reduction in the plasma level of testosterone (Christeff et al.,
1987), due to the fact that pro-inflammatory cytokines such as TNFa, IL-1¢, and IL-
6 are potent inhibitors of the induction of testosterone production in adult Leydig
cells by hCG/LH (Hales et al., 1999; Saez, 1994). In contrast, IL-1 has also been
reported to stimulate basal androgen production by both adult (Moore and Moger,
1991) and immature (Svechnikov et al., 2001) Leydig cells in culture. We recently
demonstrated that this stimulation of steroidogenesis by IL-1 reflects up-regulation
of StAR in the mitochondria of these immature Leydig cells (figure 9B). Taken
together, the above findings clearly demonstrate that androgen production by Leydig
cells at different phases of development may constitute an important target for
inflammation-induced actions of EDCs.

Exposure to anti-androgens has also been reported to be associated with
inflammatory processes. The anti-androgen flutamide, which is used in the treatment
of benign hyperplasia of the prostate and hirsutism, may at low but significant
incidence cause an inflammation of the liver, diagnosed as hepatitis (Gomez ef al.,
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1992). Although the mechanism by which flutamide induces liver damage is still
unknown, some of these cases have been associated with peripheral eosinophilia and
neutropenia, suggesting involvement of the immune system and cytokines (Hart and
Stricker, 1989). Furthermore, when administered to pregnant rats, another anti-
androgen, a vinclozolin, induces chronic inflammation of the epididymides, prostate
and seminal vesicles in male offspring (Hellwig et al., 2000).

On the basis of the above discussion, we propose that exposure of pregnant women
experiencing acute or chronic inflammation to EDCs activates and/or intensifies
pathophysiological processes that may seriously disturb human prenatal
differentiation and exert deleterious effects on the future health of their offspring.
Pro-inflammatory cytokines may constitute a common pathophysiological pathway
in such responses.

11. Conclusions

Anthropogenic EDC compounds present in our environment (e.g. pesticides,
phthalates and other toxic substances) may alter the development of androgen-
dependent tissues and reduce reproductive potential and fertility in both humans and
animals. In many cases, the major origin of these alterations is a reduction in the
capacity of fetal Leydig cells to produce androgens, which leads to incomplete
masculinization of male fetuses and various malformations in the reproductive tract.
Endocrine disrupters can disrupt Leydig cell steroidogenesis by inhibiting
cholesterol delivery into mitochondria, as described for phthalates, or the activities
of steroidogenic enzymes, as shown for TCDD. Furthermore, anti-androgens exert
their action by competing with androgens for binding to the AR.

Moreover, environmental EDCs may act synergistically or antagonistically with
various paracrine and/or endocrine factors, in such a manner as to markedly
modulate responses to these disrupters. We propose that pro-inflammatory
cytokines, which play a central role in the regulation of inflammation, are involved
in such interactions. In addition, exposure of women experiencing chronic
inflammation or subclinical infection to EDC may activate and/or intensify
pathophysiological processes of inflammation and significantly harm human health.
Clearly, additional studies designed to elucidate possible interactions between EDCs
and endogenous mediators of inflammation, as well as the effects of such
interactions on the reproductive health of humans are highly motivated.
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Summary

Cryptorchidism is the most frequent abnormality of male sexual differentiation.
Recently, numerous reports have increased concerns that exposure to certain types
of chemicals in the environment, including in utero exposure to compounds with
estrogenic or antiandrogenic activities, may be linked with recently observed
deleterious effects on male reproductive health, especially cryptorchidism and also
decrease in sperm production and increased in incidence of testicular cancer.

In this review, we give an overview of different scientific reviews already published
on cryptorchidism, its incidence rate, the potential link between various male
reproductive health issues (testicular dysgenesis syndrome), the existing literature on
toxic effects of anti-androgenic compounds, and some relevant data on the
environmental impact of cryptorchidism in humans. Finally, we explain why
cryptorchidism could be an excellent potential indicator and may potentially provide
an answer to the key question of the impact of some environmental pollutants on
male reproductive health.
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1. Background

The definition of cryptorchidism varies among authors, depending on the site of the
testis and to the understanding of the testis descent. Therefore, we suggest adoption
of the following definition given by Scorer (1964): ‘the descent of the testis is the
movement of the organ from the abdominal cavity to the bottom of a fully developed
and fully relaxed scrotum’. Several mechanisms involving estrogens, androgens, and
insulin-like factor-3 are more or less inter-connected in the testicular descent. The
description of the two different phases of the testis migration (a first phase of
relative transabdominal migration between 10 to 15 weeks of gestation controlled by
Miillerian inhibiting substance; and a second inguinoscrotal phase at 26 to 35 weeks
of gestation, possibly androgen-dependent and mediated by the release of calcitonin
gene-related peptide from the genitofemoral nerve) have been well described by
Hutson et al. ( 1994, 1997). In the figure 11 (Sharpe, 2001) we suggest a schematic
representation of the phases of testicular descent, showing hormonal-dependence,
and places where hormonal disrupters may interfere.

Sexually indifferent fetus

Testis formation

Hormones
Female Male
development ¥ development
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independent independent
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Figure 11. Sexual differentiation in mammals (adapted from Sharpe, 2001)

Cryptorchidism is the main risk factor for testicular cancer, which is currently the
most frequent cancer in young men. To date, only cryptorchidism persisting until the
age of 1 year has been considered a risk factor for testicular cancer. Several authors
now believe that any form of cryptorchidism at birth, regardless of the outcome,
should be considered a risk factor for testicular cancer. Cryptorchidism is also a
major risk factor for male infertility, and orchidopexy performed in the first two
years of life is considered as a useful surgical procedure to prevent future male
infertility.
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Over the past 10 years, a number of reports have increased concerns that exposure to
certain types of chemicals in the environment, including in utero exposure to
compounds with estrogenic or anti-androgenic activities, may be linked with
recently observed deleterious effects on male reproductive health, especially a
decrease in sperm production and an increased incidence of testicular cancer.

In this broad debate concerning the reliability of the environmental hypothesis,
numerous studies have been published on incidence trends, risk factors for
cryptorchidism, and also the possible role of environmental conditions (Carlsen et
al., 1992; Sharpe, 2001).

In this review, we will give an overview of different scientific papers already
published on cryptorchidism, and in which directions it could be interesting to
strengthen research, in order to establish links between environmental conditions
and occurrence of this male malformation

2. Has the incidence of cryptorchidism increased?

First of all, and as pointed out by Toppari and more recently by Boisen, it is difficult
to compare the incidence rates of cryptorchidism reported in various publications
(Toppari et al, 1996; Boisen et al, 2004). First of all, the definition of
cryptorchidism varies according to the site of the testis: for example, some authors
consider the testis “normal,” even when it is not located in the depth of the scrotum
but in a high scrotal position. It is also often impossible to determine, in published
studies, whether retractile testes (i.e., testes that are not located in the bottom of the
scrotum but that can be manually pushed into this position) are classified as
“cryptorchidism” or as a “normal” testicular position.

Another key point consists of clearly identifying, in published studies, the age of
diagnosis of cryptorchidism, as it has been clearly established that the great majority
of cases of cryptorchidism diagnosed at birth resolve spontaneously during the first
years of life (natural course of cryptorchidism testes). This could explain the large
range of incidence rates reported in the literature: from less than 1 to 10% in data
from hospital-based or central registers (with diagnosis performed from birth to 1
year of age) and from 0.2 to 13% in surveys performed in schools and in the army
(with diagnosis performed in adolescents and young adults) (Buemann et al., 1961;
Campbell ef al., 1987; Thorup and Cortes, 1990; Kaul and Roberts, 1992). Finally,
very few studies have tried to analyze cryptorchidism incidence trends over recent
decades based on the same diagnostic criteria and in the same areas. In the United
Kingdom, by studying the Hospital Inpatient Enquiry data for England and Wales,
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Chilvers reported a doubling of the incidence of cryptorchidism at birth, from 1.4%
in 1952 t0 2.9% in 1977 (Chilvers et al., 1984).

In a meta-analysis performed in 1999, Paulozzi used data collected by the
International Clearing House of Birth Defect Monitoring Systems to compare
cryptorchidism incidence from several industrialized countries (Paulozzi, 1999). In
the USA, a continuous increase (from 1970 to 1994) was observed, with some
discordance, according to several data collection systems. Throughout Canada, the
incidence of cryptorchidism has increased, with an incidence rate growing from 14
per 1,000 to 24 per 1,000, in the 20 years from 1974 to 1994. In European countries,
the incidence of cryptorchidism has remained relatively stable, with about 15 cases
per 1,000 from 1974 to 1996 in Norway. In France (in a specific district), the
incidence has increased slightly from 8 per 1,000 in 1981 to 12 per 1,000 in 1993. In
England, similar trends were observed. Unfortunately, the methodology used to
assess cryptorchidism was not adequately described in all of these studies, making
comparison very difficult.

The incidence of cryptorchidism was assessed in Lithuania and compared to results
observed in neighbouring countries. Low birth weight, preterm delivery, small
gestational weight, other congenital malformations and paternal body mass index
(<20kg/m2) were the main identified risk factors. A lower incidence rate of
cryptorchidism was found in Lithuania (5.7% at birth — 1.4% at 1 year) compared to
9.0% in Denmark, but higher than results noted in Finland (2.4%). Interestingly the
authors observed that some male reproductive indicators (incidence rate for testis
cancer and semen quality) were relatively similar between Lithuania and Finland but
cryptorchidism incidence was rather different (Preiksa et al., 2005).

As yet, there are no obvious reasons which could explain this phenomenon.
Numerous epidemiological studies have been conducted during recent decades to
identify risk factors for cryptorchidism (low birth weight, low parity, twinship,
uteroplacental malfunction) and to explain the rising incidence, but without any
really convincing results regarding the increase in cryptorchidism incidence
(Huyghe et al., 2003). Nevertheless, some key findings have recently been put
before the international scientific community, leading to a better understanding of
the problems surrounding cryptorchidism and also suggesting interesting directions
for research.
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3. Increasing evidence of a link between various male reproductive health
issues

Besides the rising incidence of cryptorchidism, we have also observed a recent
marked increase in hypospadias and testicular germ cell cancer rates (the occurrence
of one disorder being a risk factor for the occurrence of another) and a decline in
semen quality, with strong regional differences between industrialized countries
(Carlsen et al., 1992).

The current hypothesis, mainly developed by Skakkeback et al. (2003), is that all
these male reproductive disorders are interrelated, forming the testicular dysgenesis
syndrome (TDS). TDS may have different clinical or biological expressions
(hypospadias, cryptorchidism, testis cancer, infertility), but all arise from the same
syndrome which originates during fetal development. This being so, any type of
endocrine disrupter which could lead to imbalance within the male endocrine system
during the period of pregnancy will have potentially damaging consequences on
reproductive tract development. In figure 12, we have summarized the potential
links between testis development and testicular dysgenesis syndrome.

| Environment | Genetic defects

~ = N
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Impaired germ
cell
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Figure 12. Links between testis development and TDS (adapted from Fisher, 2004)
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The history of the use of diethylstilboestrol (DES) and its dramatic consequences on
offspring are a strong argument for a potential impact of in utero synthetic estrogen
administration on occurrence of male reproductive tract abnormalities. In animal
models (rats), it has been establish that administration of DES leads to several
reproductive health tract abnormalities, mainly a large reduction in testis weight, a
distension and overgrowth of the rete, a distension and reduction in epithelial height
of the efferent ducts, an underdevelopment of the epididymal duct epithelium, and a
reduction in epithelial height in the vas deferens. Furthermore, these abnormalities
(correlated to the DES doses) are associated with reduced androgen receptor and
Leydig cell volume. Treatments (GnRHa, flutamide) that could interfere with
androgen production were not able to obtain such abnormalities as were observed
with DES. Nevertheless, large alteration of the balance between androgen and
estrogen may lead to similar reproductive health tract abnormalities to those
observed in animals treated with DES (McKinnel ef al., 2001).

In humans, several authors have demonstrated that DES is associated with
undescended testes in male offspring (Gill et al., 1979; Driscoll and Taylor, 1980).
Furthermore, in a follow-up study, genital abnormalities were more frequent in men
exposed before the 11th week of gestation, compared to those exposed later (Wilcox
et al, 1995). In a meta-analysis, no association was observed between genital
abnormalities and exposure to sex hormones other than DES (Raman-Wilms et al.,
1995).

Another question which remains to be solved is the relationship between use of
potent estrogens, probable decrease of androgen levels, and genital tract
abnormalities.

4. Toxic effect of anti-androgenic compounds on male reproductive health

4.1. The evidence-based central role of Sertoli cells and androgen production
in testis and male reproductive tract development

After activation of the sex-determining region of the Y-chromosome, the
differentiation of Sertoli cells constitutes the main signal, and these cells both drive
and lead testis development (Koopman et al., 1990; Capel, 2000). Regression of the
Miillerian duct is mediated by Sertoli-cell secretion of anti-Miillerian hormone
(AMH), and the Sertoli cell is certainly also responsible for the blockage of germ
cells entering the oogenic pathway. The differentiation of Leydig cells is also
induced by the Sertoli cell.
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As mentioned by Richard Sharpe, ‘testis formation does not itself require hormones
but all other aspects of masculinisation are dependent on normal testis function and

on the consequent production of adequate amounts of hormones’ (Sharpe, 2001);
figure 13 demonstrates this.
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Figure 13. Representation of testicular descent in the scrotum and its hormone-dependence
(modified from Sharpe, 2001)
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Androgens play a key role in maintenance of the Wolffian duct, which differentiates
into the epididymis, vas deferens and seminal vesicles, with masculinization
mediated by testosterone. Masculinization of the external genital organs and prostate

is controlled by dihydrotestosterone (DHT), a testosterone metabolite produced by
the action of the Salpha-reductase enzyme.

4.2. A potential role of Insulin-like growth factor (Insi3)

Authors have demonstrated that Insl3, a protein produced by Leydig cells, may
interfere with gubernacular proliferation (using Insl3 knockout mice), and suggested
an ‘androgen-independent’ pathway (Nef and Parada, 1999; Emmen et al., 2000).
Nevertheless, these results were not confirmed in similarly designed studies by other
authors (Krausz et al., 2000; Baker et al, 2002). Furthermore, another report
indicated that the calcitonin gene-related peptide (CgRP) seems not to be a major
factor for cryptorchidism (Zuccarello et al., 2004).
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The authors demonstrated that (in rats) the Insl3 expression is suppressed in 80% of
cryptorchidism and 50% of scrotal testes from rats which have been exposed to di(n-
butyl) phthalate. The authors suggest that such prenatal exposure may lead to
malfunction in Leydig cells (McKinell ez al., 2005). In humans, an interesting and
recent article has demonstrated (in a series of 87 ex-cryptorchid patients and 80
controls) that InsI3-LGR8/GREAT mutations are frequently associated with
cryptorchidism and are maternally inherited (Ferlin ef al., 2003).

4.3. A non-exhaustive list of environmental chemicals with anti-androgenic effects

First of all, we must point out that the large majority of published works in this
domain have been performed in pregnant rodents, and that human data, whether
epidemiological investigations or in vitro studies, are very scarce.

Nevertheless, the following environmental compounds, more and less widely used in
industrialized countries, have demonstrated (in animals) their potential ability to
inhibit the action of androgen receptors or testosterone synthesis:

e vinclozolin, a dicarboximide fungicide with anti-androgenic properties
(Gray et al., 2001; Wolf et al., 2000),

* linuron, a herbicide and androgen receptor antagonist (Mclntyre et al.,
2002),

* p,p’DDE and methoxychlor (derivatives of the DDT pesticide), considered
as androgen and/or estrogen receptor antagonists; phthalates (mainly used
in the cosmetic and manufacturing industries), which have several major
impacts on androgen regulation (Fisher, 2004; Mylchreest and Foster,
2002; Mylchreest et al., 2000).

The authors of one study showed higher levels of phthalate metabolites in women of
reproductive age as compared with the rest of the population (Blount, 2000). It is
interesting to note that relatively similar histological changes have been observed in
testis after in utero phthalate exposure and in results of testicular biopsies performed
in patients with TDS (Skakkebaek et al., 2003; Hoei-Hansen et al., 2003), given
that, Fisher and collaborators have suggested that “dibutyl phthalate exposure in
utero may provide a useful model for defining the cellular pathways in TDS” (Fisher
etal, 2003).
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5. Limited data on environmental impact of cryptorchidism in humans

5.1. DES

The best documented adverse effects of estrogens concern the use of DES, a
nonsteroidal estrogenic substance, in pregnant women to prevent abortion
complications (Brackbill and Berendes, 1978; Stillman, 1982). DES is associated
with undescended testes in male offspring (Gill et al., 1979; Wilcox et al., 1995).

5.2. Epidemiological studies (occupational and environmental conditions)

In a spatial ecological study undertaken in the province of Granada, Spain, the
authors observed that orchidopexy tended to be more frequent in districts where the
family was involved in intensive farming and pesticide spraying (Garcia-Rodriguez
et al, 1996). In Denmark, in a register-based case-control study of parental
occupation, the authors found that sons of women working in gardening had a
significantly higher risk of cryptorchidism (Weidner et al., 1998). In Hungary,
higher frequency of undescended testes was reported in newborns of mothers living
closest to a factory producing vinyl chloride monomer and acrylonitrile (for the
manufacture of stiffened plastic tubes and cartons used for the packaging of
margarine) (Czeizel et al., 1999).

Even these few articles are supportive of a potential impact of environmental
exposures in the occurrence of cryptorchidism. Current data in this field are still
scarce and relatively difficult to pool. As stated by Vidaeff, “the results currently
published in the literature do not support with certainty the view that environmental
estrogens contribute to an increase in male reproductive disorders, neither do they
provide sufficient grounds to reject such hypothesis” (Vidaeff and Sever, 2005).

5.3. Bioaccumulation of chemical compounds

High-resolution gas chromatography and mass spectrometry were used to assess fat
samples in patients with and without undescended testes. Heptachloroepoxide and
hexachlorobenzene were present in significantly higher concentrations in patients
with undescended testes (Hosie et al., 2000). In a Swiss study, higher levels of
estradiol were found in the placentas of neonates with cryptorchidism
(Hadziselimovic et al., 2000).
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6. Where do we go from here, and how can we answer the question?

If we assume that the incidence of cryptorchidism is increasing in many
industrialized countries (which is a plausible hypothesis), and if we are also
convinced that cryptorchidism, hypospadias, germ cell testicular cancer and
decreasing semen quality are on the same continuum of TDS, involving in
utero exposure to endocrine disrupters (which is not so evident for sperm decline),
we must rapidly perform appropriately designed studies to identify what kind of
environmental components could be involved, how their properties or derivatives
may interfere with male endocrine system balance, and certainly also to define the
exact exposure window during the pregnancy period (Sharpe, 2001). As stated by
Sharpe in an interesting review in the subject, several hypotheses are still ‘in
competition’. The estrogen hypothesis could act through diminution of testosterone
production, suppression of androgen receptor expression, suppression of Innsl3, or
alteration of the balance between estrogen and androgen. Nevertheless,
environmental estrogens seem to have relatively weak estrogenicity, and their
implication in male reproductive disorders is not evident. Some environmental
chemicals have even demonstrated deleterious impact in endogenous androgens
(some phthalates for example) and also in estrogens (biphenyls) (Sharpe, 2003;
Williams et al., 2001). So far, the molecular basis of cryptorchidism is unknown;
even results regarding the Insl3 receptor and also hypothesis on some developmental
transcription factors (for example with Hoxa-10 in mice) are interesting findings
(Ivell and Hartung, 2003).

Hopefully, cryptorchidism is quite a good model. The relatively high frequency of
cryptorchidism and the short period between in utero exposure and the endpoint are
strong arguments for pursuing research into this malformation. Nevertheless, it
would also surely be very useful to distinguish clearly between the various types of
undescended testes (abdominal versus inguinoscrotal position).

From on epidemiologically pont of view, it is much more difficult and costly to
undertake a prospective study and to enrol and follow several hundred thousand
pregnant women (to have enough cases of cryptorchidism) than to perform
appropriate case-control studies. So far, we have several different and reasonable
hypotheses concerning the potential impact of some environmental compounds
(phthalates for example) on cryptorchidism during pregnancy. So, the key questions
are how to identify and assess maternal exposure to these compounds, and how to
evaluate the anti-androgenic properties of these compounds or of their derivatives.
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Finally, if we want to be able to solve the question of a potential impact of our
environment on reproductive health, we definitely need close collaboration between
scientists in fields as different as chemistry, toxicology, endocrinology, andrology
and epidemiology! Furthermore, the link between in vitro and in vivo models must
be developed, as well as collaboration with scientists working with various animal
species and those involved in human studies. In conclusion, and taking all these
factors into account, cryptorchidism is certainly an excellent potential indicator and
may potentially provide an answer to the key question of the impact of some
environmental pollutants on male reproductive health.
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Summary

Detecting intrauterine exposure to environmental pollutants, based on an increased
number of malformations, has only been successful with a few teratogens. Nor does
the number of spontaneous abortions represent a more reliable indicator, since a
precise record of early abortions is not available. A greater vulnerability to prenatal
damage leading to abortion is evident in male embryos/fetuses than in female. The
newborn sex ratio (birth rate of boys/girls) is a very stable parameter in healthy
populations. Its decrease has been reported after exposure to some harmful
environmental factors. We document a decrease in the male birth fraction in the
Czech Republic after the Chernobyl disaster in 1986. The absolute numbers of male
and female births were determined in each of 600 consecutive months from 1950 to
1999. There were always more newborn boys than girls, except in November 1986,
when the number of male births significantly decreased. This deficit in male births
might have resulted from the spontaneous abortion of male embryos/fetuses during
weeks 8-12 of pregnancy, as a consequence of their increased exposure to radiation,
in particular to the radionuclide iodinel131. We propose using the newborn sex ratio
as a further tool for the standard evaluation of reproductive quality. Combined
analyses of the incidence of newborn malformations, spontaneous abortions and
stillbirths, intrauterine growth retardation and the newborn sex ratio will help to
compensate for the imperfections associated with each of these parameters
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individually and will provide a more complete understanding of the extent of
prenatal risk induced by environmental factors.

1. Introduction

Malformed children have been born since immemorial. A times figurine of
dicephalic conjoined twins is thought to date from 6500 B.C. This figurine probably
represents the oldest known archaeological record of a congenital defect (Warkany,
1977). 1t is clear that children with congenital malformations were already being
born before the onset of the industrial revolution. However, we do not know whether
these congenital malformations arose spontaneously or due to malnutrition, stress,
infection or a genetic defect.

In the last century, several very dangerous teratogens were detected, such as the
rubella virus in 1941 (Gregg, 1941), thalidomide in 1959-1961 (Lenz, 1961;
McBride, 1961; Lenz and Knapp, 1962), and accutane in 1982 (Rosa, 1983). After
the thalidomide affair, many countries began a careful and systematic recording of
the numbers of congenital malformations. A national monitoring system of
congenital malformations was started in the Czech Republic in 1961. For physicians,
the reporting of congenital malformations was voluntary until 1964, then became
obligatory starting in 1965 (Kucera, 1989). Many expectations were held for this
national monitoring. It was believed that such monitoring would lead to the early
detection of new harmful environmental factors, based on an increase in the number
of congenital malformations above the basal incidence. However, although the
amount of toxic chemicals in the environment has dramatically increased during the
last decades, the incidence of malformations in newborns has remained low. Does
this mean that thalidomide and accutane were extremely rare exceptions, or is the
incidence of congenital malformations, when considered alone, not a reliable
indicator of environmental risk?

In is paper, we shall first survey the basic manifestations of developmental damage
and discuss the problem of dose-response dependence in teratogenesis. We shall
demonstrate that relying upon only the incidence of malformed newborns (so-called
residual teratogenesis) is not sufficient for monitoring environmental risk. Even the
number of spontancous abortions (prenatal deaths) does not represent a more
reliable indicator, since a precise record of the number of spontaneous abortions is
not available and an unknown proportion of such abortions results from purely
maternal factors. The newborn sex ratio (birth rate of boys to girls) is a very stable
parameter in healthy populations and has been shown to decrease due to increased
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environmental stress. We shall demonstrate the importance of the newborn sex ratio
by documenting a change in this parameter as a consequence of the Chernobyl
disaster in 1986. We propose using the newborn sex ratio as a further tool for the
standard evaluation of reproductive quality. Combined analyses of the incidence of
newborn malformations, the incidence of spontaneous abortions, the number of
stillbirths, intrauterine growth retardation and the newborn sex ratio will help to
compensate for the imperfections associated with each of these parameters
individually and will provide a more complete understanding of the extent of
prenatal risk induced by environmental factors.

2.  Basic manifestations of developmental damage

The developmental damage of embryos or fetuses by genetic or environmental
factors has three basic manifestations: lethality, growth retardation and
malformation. The malformations (structural developmental defects) can be either
major or minor, (Moore and Persaud, 1993). Wilson (1977) included these three
basic manifestations of developmental damage under the common term
“embryotoxicity”. All three types of developmental damage can be seen in a single
embryo/fetus.

2.1.  Lethality - prenatal loss

According to estimates based on the calculated number of fertilizations, prenatal
losses in humans are most severe during the first week. Leridon (1977) reported that
16% of mature oocytes are not fertilized at all. Of fertilized oocytes, 42% are lost
before, during or shortly after implantation. Over the course of pregnancy, prenatal
losses (11%) continue more slowly until birth (figure 14). Miller et al. (1980)
evaluated early prenatal losses based on HCG levels and found that 43% of
abortions occur shortly after implantation. Lohstroh et al. (2005) investigated the
fate of 62 conceptions detected by HCG. Among these early pregnancies, 35% were
terminated by spontaneous abortion. The risk of abortion increases with maternal
age and previous abortions in anamnesis (Leridon, 1987).

The above data document that the greatest prenatal losses occur at the beginning of
pregnancy. It is generally assumed that these early losses are mainly caused by
chromosomal aberrations (Gardo, 1993; Brent, 2004) and impaired implantation.
(Racowsky, 2002; Caglar et al., 2005). Potential causes of later abortions include,
for example, malformations not compatible with further prenatal life, problems
arising from the placenta or umbilical cord, or a hormonal imbalance or illness of
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the mother. Prenatal loss is a heterogeneous phenomenon and has no uniform critical

period.
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Figure 14. Estimate of prenatal losses during pregnancy (Leridon, 1977). The critical periods

for the origin of major and minor malformations are indicated (modified from Moore and
Persaud, 1993). Grey area — prenatal loss

The official Czech statistical monitoring system records the number of spontaneous
abortions (figure 15).
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Figure 15. The distribution of spontaneous abortions over the course of pregnancy. Data by
the Czech Statistical Office for prenatal weeks 5 — 28 (dashed line). The total number of
abortions in the Czech Republic from 1965-1999 is taken to be 100%. The circles represent
the mean percent values in particular weeks of pregnancy. The official register cannot include
the complete number of spontaneous abortions during the first four weeks of pregnancy (these
early abortions can go unrecognised when masked by menses, or unreported if they occur
outside of hospitals). Therefore, the official data have been extrapolated mathematically using
an exponential curve (full line), back to prenatal weeks 1-4. The extrapolation suggests a 50%
loss during weeks 2-3 of pregnancy (asterisk) (Czech Statistical Office)
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This register includes only those spontaneous abortions that took place in a hospital
and so were obligatorily reported by physicians. Spontaneous abortions occurring
outside of hospitals are missing from the register. The number of registered
spontaneous abortions reaches a maximum at week 8 of pregnancy, then decreases
to nearly zero until prenatal week 28 (figure 15). Although data are not available
about the number of spontaneous abortions during the first two weeks of pregnancy,
(since pregnancy is not yet confirmed at that time and early embryonic loss is
masked by menstruation), we attempted to estimate the number mathematically
(figure 15). The rate of spontaneous abortion during the first two-three weeks of
pregnancy was estimated to be approximately 50%.

2.2.  Major malformations

Each embryonic component has a critical developmental period during which its
morphogenesis can be disturbed and a malformation can arise. A major
malformation (monstrosity) is a structural developmental defect that is apparent at
first sight (e.g. orofacial clefts, amelia, anencephaly). Major malformations originate
during the embryonic and early fetal phases of prenatal development (figure 14),
when the external morphology, organ systems and individual organs are established
and pass through critical periods in their development. After these critical periods
are over, major structural anomalies no longer arise. For example, the critical
developmental period for establishing the central nervous system starts in embryonic
week 3. Ordinarily, the neural tube is completely fused between embryonic days 25-
27 (Kimmel and Buelke-Sam, 1981). This implies that neural tube defects (e.g.
exencephaly or spina bifida) cannot arise after the end of the first prenatal month. In
contrast, the critical period for the development of the external genitalia in male
fetuses finishes as late as the second half of prenatal month 3; hypospadias of the
male urethra can arise during prenatal weeks 9-12, but no later.

During the development of more complex structures, critical developmental periods
can combine and overlap, as can be seen in the case of orofacial development. The
critical period, during which different types of orofacial clefts can arise, extends
from approximately prenatal day 27 until 60. Between prenatal days 27-43, the
medial nasal and maxillary processes fuse; the non-fusion of these processes leads to
a cleft lip. Between prenatal days 37-40, the palatal shelves appear and grow
vertically down the sides of the tongue until day 55. They then rapidly elevate to a
horizontal position above the dorsum of the tongue. If they are large enough, both
palatal shelves fuse at the midline by day 60 of pregnancy (Ferguson, 1991).
Hypoplasia of the palatal shelves is one possible reason for their non-fusion,
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resulting in an isolated cleft palate. However, experiments in mice have shown that
an isolated cleft palate can arise even if the palatal shelves are not hypoplastic.
These clefts are caused by a blockage of the horizontalisation process itself (Jelinek
and Peterka, 1977). The removal of the tongue from the roof of the primitive oral
cavity, and thus the creation of a free space above the tongue, is a precondition for
the horizontalisation of the palatal shelves. The free space above the tongue is
created by the rapid growth of the lower jaw in the forward direction, which in turn
pulls the tongue down from the roof of the nasal cavity. Growth retardation of the
lower jaw can, surprisingly, be an additional causal mechanism of an isolated cleft
palate, because the tongue remains blocked between the palatal shelves and
mechanically inhibits the horizontalisation process (Jelinek and Peterka, 1977). The
origin of a free space above the tongue due to the fast growth of the mandible has
also been documented in human embryos (Slipka et al., 1980; Diewert, 1983). The
isolated cleft palate associated with a hypoplastic mandible in Pierre-Robin
syndrome (Pratt, 1966) can be explained by the above-described mechanism (Jelinek
and Peterka, 1977).

2.2.1. Prenatal extinction of major malformations

It is known that not all malformed embryos survive until birth. Many malformed
embryos/fetuses are spontaneously aborted (Brent and Beckman, 1994).
Consequently, the number of malformations in newborns only represents a small
fraction of the malformations that originated prenatally and is called “residual
teratogenesis” (Kucera, 1989). In orofacial clefts, prenatal losses have been
estimated to be about 90% (Kucera, 1989). Nearly 30% of early embryos (less than
35 days old) examined following induced abortions possess abnormalities
(Nishimura et al., 1987; Shiota et al., 1987). We have studied the teratogenic effect
of a higher incubation temperature on development in chick embryos and found a
higher incidence of malformations in dead embryos than in surviving ones (Peterka
et al., 1996).

There is no doubt about the cause of death in embryos affected by a major
malformation that is incompatible with further life (e.g. anencephaly). However,
how does one explain prenatal extinction in embryos that are affected by a
malformation that is not incompatible with further life, such as syndactyly or a cleft
lip? We can speculate about additional associated and more serious developmental
damage — e.g. a minor malformation that is not visible at first sight.
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2.3.  Minor malformations usually manifest as functional defects

Minor malformations are minor structural defects that arise during the fetal and
early postnatal phases of development (figure 14), i.e. during the critical periods of
histodifferentiation and terminal cytodifferentiation in organs. These organs need
not have a major structural defect (i.e. they have been established normally). Minor
structural defects can be apparent at the tissue, cellular or sub-cellular level and are
usually detected due to the disturbed functioning of the affected organ (e.g.
behavioural defects, blindness, deafness).

Physicians treating mothers at the end of pregnancy, during delivery and during the
early postnatal period sometimes underestimate the risk of minor structural
developmental defects arising in the infants. The most important period of brain
growth and the differentiation of its fine structures (including myelinisation) take
place during the last half of gestation and continue throughout the first two years
(Levy et al., 1998). During that time, for example, minor structural brain defects can
arise, that can later lead to so-called “minimum brain dysfunction” ranging from
hyperactivity (attention deficit hyperactivity disorder - ADHD) and learning
disabilities (dyslexia, dysgraphia) to mental retardation (Levy et al, 1998).
Exposure to tobacco smoke in utero (Linnet et al., 2003) and neonatal hypoxia-
ischemia (Krageloh-Mann et al., 1999) are suspected to be associated with ADHD.
There is also a higher incidence of ADHD in boys than in girls and when the
educational level of the parents is low.

2.4.  Intrauterine growth retardation and low birth weight

Body weight is the parameter most frequently used to measure growth rate. The
birth weight of a newborn reflects intrauterine growth during the prenatal period.
The intrauterine growth of an embryo/fetus is a multifactorial process that is
sensitive to a large variety of environmental stresses. Birth weight depends on sex
(girls are always lighter) as well as ethnic and racial factors. In Sweden, the mean
birth weight in both boys and girls has increased by about 500g during the last 27
years; in 2000, the mean birth weight was 3,600g in boys and 3,470g in girls (Odlind
et al., 2003). In comparison to Sweden, Czech boys and girls showed a lower mean
birth weight in 1989-1991: 3,522g and 3,310g, respectively (Koupilova et al., 1998).
The mean birth weight of full term infants delivered by the Czech gypsy population
was determined to be 2,939g and 2,816g in boys and girls, respectively (Bernasovsky
et al., 1975). Birth weight reflects the gestational age and reveals racial differences
between white Americans and African-Americans (the birth weight was lower by
250g in the latter group), (Alexander et al., 1999). Literature data document that
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birth weights differ between racial and ethnic groups (Alexander ef al, 1999) and
that the limits of physiological and pathological birth weights should be established
empirically for each individual population. When evaluating the birth weight in a
specific infant, the anthropological parameters of the parents need to be taken into
account as well.

A low birth weight (less than 2,500g), very low birth weight (less than 1,500g) or
extremely low birth weight (less than 1,000g) have been regularly found in children
born before full term (i.e. before week 40 of pregnancy), (e.g. Grandi et al., 2005;
Hack et al., 2005; Knops et al., 2005). If the attenuation of the birth weight
correlates with a younger gestational age of the newborn child, it should not be
classified as intrauterine growth retardation (IUGR). This term should properly be
reserved for those cases in which the intrauterine growth rate is lower than would be
expected from the gestational age of the embryo/fetus. IUGR is closely associated
with teratogenesis and is regularly found in newborns with a major or minor
structural birth defect (Brent, 1977). However, growth retardation can even be found
in children without any apparent structural anomaly, e.g. after exposure to the
atomic bombs in Japan (Brent, 1977). In contrast to structural defects, [IUGR has no
critical period and can develop at any time during pregnancy. Ergaz et al. (2005)
have summarized the causes of [UGR as follows:

1) maternal factors (malnutrition, chronic maternal diseases, birth order,
multiple birth and parental genetic factors),

2) placental pathology (mainly placental vascular damage leading to placental
insufficiency),

3) infections and specific fetal syndromes including chromosomal aberrations,
4) parental life style (smoking, alcohol consumption).
Individuals affected by intrauterine growth retardation show a lower birth weight

than would be expected from their gestational age.

3. Dose response in teratology

Experiments using chick embryos have demonstrated three basic types of exogenous
embryotoxic factors:

1) substances inducing both teratogenic and lethal effects,
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2) toxic substances that rapidly cause embryonic death without providing time
for the development of a structural anomaly,

3) factors that induce neither a teratogenic nor a lethal effect, even at the
highest tested doses.

3.1.  Substances with teratogenic and lethal effects

These substances are usually indicated as “teratogens” when taking into account
only one aspect of their effects.
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Figure 16. Comparison of three types of embryotoxic factors. A. A factor exhibiting both
lethal and teratogenic effects, detected according to major malformations (e.g., hyperthermia,
Peterka et al., 1996). B. A harmful factor showing only a lethal effect (e.g., psychopharmaca,
Peterka et al., 1992). C. A factor that exhibits neither a teratogenic not a lethal effect, even if
administered in the highest doses (e.g. beta—carotene, Peterka et al., 1997), Note the changing
numbers of dead (black circle), living normal (white circle), and living malformed (white
squares) embryos after exposure to three increasing doses (1, 2, 3) (Peterka et al., 1992, 1996,
1997)

However, the rate of the teratogenic effect of these substances changes with
increasing dose. An increase in the dose of a teratogen leads to a marked change in
the numbers of dead and living malformed embryos. Initially, increasing doses
induce an increase in both teratogenic and lethal effects. However, a further increase
in dose leads only to an increase in the lethal effect, while the teratogenic effect
paradoxically decreases. Following the administration of the highest doses, only the
lethal effect is apparent (figure 16A); the teratogenic effect completely disappears,
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because all embryos die before a malformation can arise (Wilson, 1977). The
highest doses of a “teratogen” thus show a similar lethal effect to toxic substances
(see below). We have experimentally documented changes in the ratio of living
malformed embryos to dead embryos depending on increasing dose (Peterka et al.,
1986), (compare to figure 17).

3.2.  Substances with a predominantly lethal effect

These are harmful exogenous factors leading predominantly to embryonic death
after the administration of their effective doses — for example, some
psychopharmaceuticals. Psychopharmaceuticals have the capacity to cause
arrhythmias, heart defects and cardiac arrest. The intra-amniotic injection of these
drugs (e.g. maprotiline, amitriptyline, dosulepin, or imipramine) into chick embryos
causes immediate heartbeat arrest followed by the death of the embryo;
malformations have no time to develop. Embryos that survive exposure to effective
doses of psychopharmaceuticals do not necessarily show any major structural
abnormality (Peterka et al., 1992) (figure 16B).

3. 3. Substances with neither a teratogenic nor a lethal effect

For example, beta-carotene had no embryotoxic effect in rats and rabbits (Heywood
et al., 1985). In teratological experiments using chick embryos, beta-carotene or 5-
aminolevulinic acid are examples of substances that exhibit no embryotoxic effects,
even when they are administrated in the highest tested doses (corresponding to
approximately 100g/kg of the maternal organism) (Peterka et al., 1997; Peterka et
al., 2001), (figure 16C).

4. Residual teratogenesis and the epidemiology of malformations

What is the sumarry of the experimental and clinical data about the prenatal death of
malformed embryos or fetuses and spontaneous abortions in human. The number of
newborns with a malformation represents only a small portion (about 10%) of all the
malformed embryos that arise prenatally. It is for this reason that this number has
been called “residual teratogenesis” (Kucera, 1989). This parameter was successful
used in the detection of the new teratogen thalidomide, due to three specific
circumstances:
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1) thousands of pregnant women consumed thalidomide. Such a sample is
sufficiently large and homogeneous to manifest a teratogenic effect at the
population level,

2) the typical malformations (limb deformities) induced by thalidomide
apparently did not impair the viability of embryos/fetuses, which could thus
survive until birth,

3) these limb deformities were so remarkable that they could not go
unnoticed.

Khoury and Holtzman (1987) tried to estimate the time needed for detecting new
teratogens such as thalidomide. Thanks to current programs monitoring the
incidence of birth defects, it should be possible to discover such a dangerous
teratogen within 2 weeks. However, detection will not be so rapid in most other
cases. The detection of strong teratogens such as valproic acid and isotretinoin
(accutane) required more than 20 years of monitoring, because only a relatively
small population of pregnant women was treated by accutane (Khoury and
Holtzman, 1987).

After prenatal exposure to very high doses of a harmful factor, all malformed
embryos may die before the completion of prenatal development (Wilson, 1977). If
we evaluate prenatal environmental risk based only on the number of malformed
children, we might paradoxically find no increase in this parameter even in the most
polluted areas. This might hypothetically explain the conclusion by Mastroiacovo et
al. (1988), who found no malformations in the most highly dioxin-contaminated
areas of Seveso. The frequencies of major defects detected in areas of low or very
low contamination were 29.9/1,000 and 22.1/1,000, respectively. Since a frequency
of 27.7/1,000 was found in the control area, the data collected failed to demonstrate
any increased risk of birth defects associated with 2,3,7,8-tetrachlorodibenzo-p-
dioxin (Mastroiacovo et al, 1988). Figure 17 depicts two different situations in
which the number of malformed children is the same, but the exposure to harmful
environmental factors differs greatly. Exposure to the highest doses leads to prenatal
death.

Using chick embryos, we have modelled experimentally this dose-response situation
in humans, that is, when only data about the number of inborn developmental
defects are available, while complete data about the number of spontaneous
abortions are missing (figure 17).
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Figure 17. Changes in the numbers of malformed and dead embryos after exposure to
increasing doses of an environmental factor. The number of malformed embryos is similar in
locations A and B, although the dose was much higher at B than at A. This scheme is
supported by experimental data collected by administering different drugs to thousands of
chick embryos (Peterka et al., 1986)

This analysis demonstrates why information is required not only about the number
of malformed newborns, but also about the number of spontaneous abortions. Since
complete epidemiological data about the number of spontaneous abortions are not
available (see above and figure 17), we examined whether the sex ratio in newborns
might represent a helpful indicator of prenatal losses after exposure to a harmful
environmental factor.

5. Sex ratio

The sex ratio is the relative proportion of males and females and can refer to the
prenatal or postnatal period. We shall document that the newborn sex ratio can be an
additional tool for evaluating reproductive quality, similar to birth weight or the
incidence of malformations, spontaneous abortions and stillbirths.

5.1 Sex determination

Two different sex chromosomes exist, X and Y. Normally, there are always two sex
chromosomes in each cell of an individual; both are X chromosomes in women,
while men have one X and one Y chromosome. The genetic sex of an individual is
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established at fertilization — i.e. during the fusion of an oocyte (bearing one X-
chromosome) and a spermatozoon (bearing either one X or one Y chromosome).
This genetic sex cannot be subsequently changed. In accordance with the genetic
sex, the internal and external reproductive organs are morphologically determined
during the first trimester (until prenatal week 12) (Moore and Persaud, 1993). The
feminisation of male embryos (genetically XY) arises because of a defect in
androgen receptors (Bulfield and Nahum, 1978), while the masculinisation of
female embryos (genetically XX) is known to occur after exposure to androgens.
Recently, the two genes hypothesis has been formulated with the aim of
satisfactorily explaining all the known pathologies of human sex determination due
to the interplay between the SRY gene, which encodes for testis-determining factor
(TDF), and the Z-gene (McElreavey et al., 1993).

5.2 Newborn sex ratio

Data from the literature document that a markedly higher number of male embryos
start to develop at the beginning of pregnancy than female embryos (Wells, 2000).
The original sex ratio was conservatively estimated to be 120:100 (McMillen, 1979).
This “primary sex ratio” progressively decreases during prenatal development, so
that the “secondary sex ratio” is actually found in newborns (Chahnazarian, 1988;
Jongbloet et al., 2002). A male/female sex ratio of 2.5 (861 male embryos/346
female embryos) has been determined during weeks 16-19 of pregnancy. This ratio
decreases to 1.17 (268,532 male fetuses/245,862 female fetuses) in weeks 37-39
(Vatten and Skjaerven, 2004). The actual sex ratio in newborn is about 1.05 (see
below). The difference between the primary and secondary sex ratios can hardly be
explained by a sex reversal phenomenon (see 6.1). The most probable explanation is
that male embryos and fetuses are aborted more frequently than are female ones.
Indeed, a higher prenatal sex ratio (of 1.30, corresponding to 56.52% boys and
43.48% girls) has been estimated for spontancously aborted fetuses with a normal
caryotype (Hassold et al., 1983; Mizuno, 2000). Data concerning differential fetal
and neonatal mortality by sex in the United States from 1950 to 1972 have been
analysed by McMillen (1979).

5.3.  Newborn sex ratio and the vulnerability of male embryos/fetuses

The birth rate of newborn males is permanently higher than that of females. In the
Czech Republic over the long term, on average 105 boys are born per 100 girls
(Czech Statistical Office). A similar sex ratio has also been found in other
populations. For example, in Sweden, Germany, Norway, Finland, the Netherlands,



308 M. PETERKA ET AL.

Denmark, Canada and the United States, a sex ratio 1.06 has been found (Davis et
al., 1998) corresponding to 51.46% and 48.54% male and female births,
respectively. Khoury et al. (1984) have reported the newborn sex ratio in white
American couples to be 1.059, in black American couples 1.033, and in Native
American couples 1.024. This study showed that the observed racial differences in
the sex ratio are due to the effects of the father’s race, not the mother’s. In any
event, the long-standing significantly higher male birth fraction represents a reliable
indicator of reproductive stability and health (Davis ef al., 1998; Vartiainen et al.,
1999; Campbell, 2001).

Some harmful environmental factors are known to change the sex ratio in offspring
(Mocarelli et al., 1996; Mocarelli et al., 2000). A decrease in the male birth fraction
has been reported after long-term exposure to environmental chemical factors
(Nicolich et al., 2000; Jarrell et al,, 2002). A lower male birth fraction has been
reported in children of fathers contaminated by TCDD — dioxin (Jongbloet et al.,
2002; Ryan et al., 2002) and of parents who smoked more than 20 cigarettes per day
(Fukuda ef al., 2002). One explanation of the decreased male birth fraction has been
suggested by James's hypothesis (James, 1996). Genetically, gender is already
determined during fertilization. Parental hormonal concentrations at the time of
conception can partly control the gender of the offspring: a low concentration of
testosterone and estrogens are associated with daughters (James, 1996). The anti-
estrogenic and anti-androgenic properties of dioxin (Jongbloet et al., 2002) and the
anti-estrogenic effect of smoking are well documented (Michnovicz et al.,, 1988).
Pre- or peri-conception, both these harmful factors might reduce the number of
males and change the sex ratio at the very beginning of pregnancy (James, 2002a;
James, 2002b).

During pregnancy, the greater vulnerability of male embryos/fetuses to prenatal
damage by environmental stress results in their abortion (Hassold et al., 1983;
Mizuno, 2000; Wells, 2000), thus explaining the decrease in the male birth fraction.
This vulnerability results both in the predominant loss of male fetuses (Wells, 2000)
and in a higher incidence of developmental malformations in newborn boys. In the
Czech Republic, the long-term sex ratio of malformed newborns is 1.5 (Czech
Statistical Office). Since environmental stress can affect boys more severely than
girls prenatally, we examined the effect of the Chernobyl accident on the ratio of
male to female births in then-Czech Republic.
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6. Chernobyl

An explosion at the Chernobyl atomic power station in April 1986 caused a
widespread fall-out of radionuclides, contaminating many locations around the
world (Broadway et al., 1988; Shizuma et al., 1987). The radiation caused the death
of about 100 people as well as paediatric thyroid cancers in Belarus and Ukraine
(Nikiforov et al., 1994; Jacob et al., 2000; Leenhouts et al, 2000). Increased
developmental malformations (Lazjuk et al., 1997; Gavyliuk et al., 1992; Romanova
et al., 1998), spontaneous abortions (Gavyliuk et al., 1992; Karakashian et al., 1997)
and chromosomal aberrations (Gavyliuk et al., 1992) were all reported. An increase
in the number of spontaneous abortions was found not only in the adjacent area
(Gavyliuk et al., 1992; Karakashian ef al., 1997), but also in Finland (Auvinen ef al.,
2001) and Norway (Ulstein ef al., 1990; Irgens ef al., 1991). An increase in perinatal
mortality (Scherb et al., 2000) and trisomy 21 (Sperling et al., 1994) were detected
in Germany. Increased Down’s syndrome and childhood leukaemia cases were
reported in Sweden (Ericson and Kallen, 1994), and an increased incidence of
thyroid disease was found in children in Hungary (Lukacs et al., 1997).

The straight-line distance between Prague and Chernobyl is approximately 1000 km.
However, the contamination of a specific place by radionuclides depends not only
on distance, but also on the actual local meteorological conditions: on the winds
pushing the radioactive clouds and on rain transporting the radionuclides to land
(Bangert et al., 1986).

6.1.  Radioactive clouds and whole body radioactivity

Three waves of radioactive clouds were registered in May 1986 by Czech Republic
monitoring of radionuclides in the atmospheric aerosol (Kunz, 1986). The clouds
brought isotopes with different radioactive half-lives (table 17).

Table 17. Radioactive half time of some radionuclides

140 5 1.7 days
1327 3.3 days
1311 8 days
1BRU 1 year
134¢s 2 years
YCs 30 years
905y 30 years
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In table 17, mostly tellurium (Tel32), iodine (I131), ruthenium (Rul03) and
caesium (Csl37 and Cs134). The maximum radiation, about 257 Bg/m3, was
detected at the start of monitoring (April 30); this level could only represent the
descending phase of the first wave of radioactive clouds. During the second wave
(May 4), the maximum concentration of radionuclides was six times lower — only 38
Bg/m3. The third wave (about May 7) was the least radioactive — only 7 Bg/m3 at
maximum.

Monitoring whole body radioactivity was begun on May 4, 1986, at the time of the
peak of the second wave of radioactive clouds, when the mean value of whole body
radioactivity was about 4000 Bq/s). For the period of April 30 — May 3, whole body
radioactivity has been estimated to be as high as 9000 Bgq/s (Kunz, 1986). The
decrease in environmental radioactivity was followed, after a delay, by a gradual
decrease in whole body radioactivity during the two weeks following May 4 (Kunz,
1986).

6.2. Newborn sex ratio — November 1986

The birth sex ratio is a very stable phenomenon in the Czech population. The
absolute number of births has been examined separately for girls and boys in each of
600 consecutive months from 1950 - 1999. In 599 months, there was a higher
number of boys born (51.42%) than girls (48.58%), by 342.1 births (2.83%) on
average. The only exception was November 1986 (figure 18 A, B), when the sex
ratio reversed: there were actually significantly (p<0.05) fewer boys born (49.35%)
in this month than girls (50.65%). This month was also the only one in which the
percentage of male births fell below the 50 per cent level out of 600 months from
1950-1999. This decrease cannot be explained by the premature delivery of boys,
since the male birth fraction did not increase in September or October 1986 (p >
0.05). Sex reversal (see 6.1.) due to the feminisation of the sexual organs in male
fetuses is also not a likely cause, because the number of girls born in November
1986 did not change (p > 0.05) compared to other November months (figure 18B).
The decrease in the male birth fraction in November 1986 was absolute. The total
number of missing boys in November 1986 is estimated to be 4,670 (Peterka et al.,
2004).

We have suggested that the negative impact of radiation on the prenatal population
manifested itself as a selective loss of a portion of male fetuses (Peterka et al.,
2004). This is in agreement with the observed increase in the number of spontaneous
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abortions in Finland (Auvinen et al., 2001) and Norway (Ulstein et al., 1990; Irgens,
1991) after the Chernobyl explosion.
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Figure 18. The sex ratio in newborn. A. Male birth rate in each month during the years
1980 — 1989. Arrows indicate the reversal in the sex ratio in November 1986. B. Absolute
numbers of newborn boys (full line) and girls (dashed line) in the month of November in each
year from 1980 — 1990. The curves reflect the general decline in the birth rate in Czech
Republic since the end of seventies. The arrow indicates the extraordinary decline in the
number of newborn boys in November 1986 (based on Czech Statistical Office)

6.3.  Critical period for radiation

In the area irradiated after the Chernobyl explosion, naturally there were pregnant
women in the first to the ninth month of their pregnancy. Children with a delivery
date in November were conceived between February 8 and March 10, 1986. Their
age was thus about 8-12 prenatal weeks during the peak of radioactivity (from April
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30 to May 7). At this age, their sex was already determined and so the change in the
sex ratio cannot be explained by the above-mentioned hypothesis by James (1996).

During the third month of prenatal development, the vulnerability of the developing
fetal brain to radiation injury has been reported after the atomic bombings in
Hiroshima and Nagasaki (Yamazaki and Schull, 1990). The radiation effect has been
explained by the impaired migration of immature neurons to the brain cortex over
the course of the 8th to the 15th week of prenatal development (Yamazaki and
Schull, 1990). It cannot be excluded that brain development could also have been
impaired in the fetuses lost after the Chernobyl explosion.

As documented in table 17, the radioactive clouds contained radionuclides with
short half-lives after the Chernobyl explosion. Whole body radioactivity decreased
rapidly during a few weeks after the explosion (Peterka et al., 2004). This temporary
exposure (end of April to beginning of May 1986), together with the above-
mentioned critical period of prenatal vulnerability, can explain why the sex ratio was
changed in only one month — November 1986.

6.4.  Hypothesis about the reasons for the selective abortion of male fetuses
after the Chernobyl disaster

We can speculate about the putative reasons for these male abortions after the
Chernobyl disaster. One candidate could be the radionuclide iodine-131, whose
concentration in the radioactive clouds was very high after the explosion (Broadway
et al, 1988; Shizuma et al., 1987; Stenke et al., 1987; Gembicki et al., 1991).
Eheman ef al. (2003) have stressed the risk of autoimmune thyroid diseases
associated with environmental radiation exposure. Radioactive iodine-131 can cause
hypothyroidism and increase the maternal risk of a pre-term delivery (Tatham et al.,
2002) or spontaneous abortion (Grossman et al., 1996). It is generally known that
thyroid disturbance during pregnancy may lead to abortion, stillbirth, neonatal death
or low birth weight, and the use of radioactive iodine is absolutely contraindicated
during pregnancy (Bishnoi and Sachmechi, 1996; Ogris, 1997). Moreover, fetal
brain development is very sensitive to an excess or deficit of thyroid hormone in the
mother (Zoeller et al., 2002; Poppe and Glinoer, 2003). We hypothesize that the
transient increase in iodine-131 might have impaired the thyroid glands of the
mothers or fetuses and thus led to the abortion of the most vulnerable part of the
prenatal population.
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7. Conclusion

1) The sum of all embryotoxic damage (major and minor structural
malformations, prenatal death, IUGR) always shows a positive dose-
response.

2) The positive dose-response relationship of a teratogen cannot be accurately
detected when only malformations are taken into account. With increasing
doses of a teratogen, the incidence of malformations first rises, but then
declines. The highest doses induce the death of embryos before a
malformation can develop.

3) When detecting a harmful prenatal factor, a thorough evaluation should
focus on all types of prenatal damage (malformations, abortions, IUGR,
stillbirths), including a change in the newborn sex ratio.

4) The prenatal sex ratio shows a prevalence of male fetuses from the
beginning of pregnancy.

5) Male fetuses are more sensitive then female fetuses and consequently can
be more easily damaged.

6) The newborn sex ratio is a very stable phenomenon. A change in the
newborn sex ratio signals a harmful factor in the environment.

7) Radiation after the Chernobyl accident was followed by a transient reverse
in the newborn sex ratio in November 1986 in the then-Czech Republic.
The deficit in male births might reflect the spontancous abortion of male
fetuses as a consequence of the increased radiation, mostly due to the
radionuclide iodine-131.
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Summary

This study’s objective is to record the regional distribution of mortality and
hospitalisation caused by congenital abnormalities in Greece and to compare the
mortality and the infant mortality for congenital abnormalities between Greece and

other countries.

The data were obtained from the official publications of the National Statistical
Service of Greece (NSSG). The specific mortality and infant mortality ratios for
congenital abnormalities and the number of discharged patients with congenital
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abnormalities per 100,000 of population are evaluated for Greece as a whole and by
geographic region, for the period between 1981 and 1995. Greece was compared to
other, randomly selected countries (Bulgaria, France, Italy, Japan, Portugal, Sweden,
The Netherlands, and USA). The information data for these countries are derived
from the Annuals of the World Health Organization (WHO).

The specific mortality and infant mortality ratios by congenital abnormalities are
considerably higher in Greece than in the other countries studied. Among the 10
regions of Greece, Athens and Thrace have the highest mortality ratios, while
Athens and Crete appear to have the highest proportion of hospitalised patients due
to congenital abnormalities according to their population. In Thrace, a
disproportional high number of deceased in comparison to discharged patients was
noted.

In conclusion, Greece appears to have more deaths by congenital abnormalities
compared to the other randomly selected countries. A significant difference in the
distribution of the deaths and discharged patients among the geographic regions of
Greece is observed. This study is unable to detect the reasons for this distribution.

1. Introduction

Congenital abnormalities are a significant public health concern that affects 3 to 4
per cent of all live births and causes many elective and spontaneous abortions
(Centres for disease control and prevention, 1998). In epidemiological studies they
emerge along with genetic diseases as one of the leading causes of infant mortality
and result in substantial mortality and morbidity throughout childhood (Cunniff ez
al., 1995; Yoon et al, 1997). For example, every year in the United States
approximately 150,000 babies are born with birth defects (Centres for disease
control and prevention, 1998). Although birth defects, account for 15 per cent to 30
per cent of all paediatric hospitalisations, they are responsible for a proportionally
higher health care cost than other hospitalisations (Yoon et al., 1997). In addition,
they put a significant burden on families and society as huge amounts need to be
spent yearly for the medical and rehabilitative care of the affected children (Centres
for disease control and prevention, 1992; Pew environmental health commission,
1999).

Congenital abnormalities can be structural, functional or metabolic. They might be
ascribed to genetic factors (chromosomal abnormalities, mutations, genes inherited
by family members), to environmental factors (medical drugs, infectious disease
agents, pollutants) or to culturally inherited behavioural and lifestyle factors (Collins
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et al., 2001; Moore et al., 1997). Most of them are thought to have a multifactorial
aetiology resulting from the interactions between genes, environmental and lifestyle

factors. However, some 50 to 60 per cent cannot be attributed in known causes
(Khoury et al., 1998; Moore et al., 1997).

Major congenital abnormalities are an important problem with many dimensions for
both the family and society. To address the problem, the first approach is to register
the incidence of birth defects per country and per geographic area. This registration
may lead to a better identification of the local factors that would eventually found to
be involved in the generation of this problem. In Greece, an official registration of
birth defects does not exist and their incidence cannot be evaluated. Therefore, in
this paper, the issue is approached in an indirect way, by evaluating the mortality
resulting from congenital abnormalities in Greece and 8 other randomly selected
countries (Bulgaria, France, Italy, Japan, Portugal, Sweden, The Netherlands, and
USA). In addition, the differences in the number of deaths and hospitalised people
by cause birth defects were recorded for the main geographic regions in Greece, to
evaluate possible local factors. This study may be a first step up to prospective
studies that can reveal the exact factors underlying the high prevalence of congenital
abnormalities in Greece.

2. Method

Initially, comparative data on the specific mortality ratio for congenital
abnormalities per 100,000 of population and the specific infant mortality ratio
(deaths within the 1st year of life) by congenital abnormalities per 1,000 live births
between Greece and other countries were looked for. Data concerning Greece were
obtained from:

- the monthly Statistical Bulletin by National Statistical Service of Greece
(NSSG),

- statistics of Population’s Physical Movement by NSSG,

- the annual Statistical Yearbook of Greece by NSSG.
Data concerning other countries were collected from:

- annuals of World Health Organization (WHO).

The selection of European countries (Bulgaria, France, Italy, The Netherlands,
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Portugal, Sweden) was made on the basis of the most available data from the
annuals of WHO for the study period (1981 — 1995), while the USA and Japan were
chosen as international controls (comparative sample). In addition, based on the
same sources, we collected data on the distribution of deaths and discharged patients
with congenital abnormalities per geographic region of permanent residence in
Greece, for the period 1981 — 1995. ‘Discharged patients’ is an official term that
refers to ‘cases of hospitalisation’ and not to individuals (if one patient was
hospitalized 3 times in the same year, he was considered 3 times as 3 different
patients). This part of the study is useful for medical care cost estimations.

The permanent residence for infants is defined as the place of permanent residence
of their mother. This information is used for conclusions on the possible
environmental impact on the fetus. Instead, when the ‘general population’ is
discussed, in which adults are included too, the place of permanent residence is not
always identical to that of the mother who was subjected to the environmental
factors during pregnancy. This disadvantage is due to the limited power of the
primary available data.

3. Results

The specific mortality ratio for congenital abnormalities per 100,000 of population
between 1981 and 1995 shows a progressive decline in all the selected countries
(table 18 and figure 19).

12.00

10.00

)

8.00 S
6.00 \\\/// \ ) P

4.00

—
Japan /\\_____\‘\‘

Specific mortality index

2.00

0.00

1981 1882 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Year

Figure 19. Specific mortality ratio for congenital abnormalities per 100,000 of population in
Greece per year from 1981 to 1995. (NSSG — Statistics of Population's Physical Movement
(1981 — 1995))
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Table 18. Specific mortality ratio for congenital abnormalities per 100,000 of population in
Greece and in 8 selected countries. The absolute and percentage difference of the specific
ratio of each country between the years 1987 and 1994 has been marked in the bottom lines.
The highest ratio among the comparative countries for each year is marked with bold (N/A:

Data are not available) (World Health Organization - Annuals (1981-1995)

Year  Greece Bulgaria  France Ttaly Netherlands Portugal Sweden USA Japan

1981  8.32 N/A N/A N/A N/A N/A N/A N/A N/A
1982 794 N/A N/A N/A N/A N/A N/A N/A N/A
1983 748 N/A N/A 4.83 N/A N/A N/A N/A N/A
1984  7.08 N/A N/A 4.74 N/A N/A N/A 5.51 N/A
1985  6.79 6.47 4.08 4.10 5.18 N/A N/A 5.33 N/A
1986  5.09 5.68 3.69 3.63 5.35 5.29 N/A 5.49 322
1987 539 6.02 3.59 3.90 5.35 5.50 432 5.07 3.71
1988  9.82 5.93 3.52 3.65 4.87 4.86 430 5.19 2.99
1989  4.33 5.78 333 3.82 4.63 4.83 4.56 5.20 2.85
1990  6.06 N/A 3.21 3.33 5.02 4.49 4.80 5.26 291
1991 541 N/A 3.07 3.35 4.74 4.49 491 5.00 291
1992 591 N/A 2.65 3.36 4.78 4.11 4.45 4.9 2.86
1993 438 N/A 29 3.43 4.59 4.45 4.03 4.83 2.76
1994 4.03 N/A 2.79 3.26 4.67 3.76 3.68 4.62 2.65
1995  3.72 N/A N/A N/A 4.11 3.28 N/A N/A N/A
Diff. -1.36 -0.8 -0.64 -0.67 -1.75 -0.64 -0.5 -1.06

% -25% 22%  -16% -13% -32% -15% -9% -29%

The smallest reduction is observed in USA (9 per cent), while the most pronounced
one is in Portugal (32 per cent). Greece shows an overall reduction of the ratio by 25
per cent and in general a progressive decrease, which is interrupted by 3 peaks,
observed in the years 1988 (possibly a mistake registration from the NSSG
happened in this year), 1990 and 1992 (figure 19). Greece presents the highest ratio
in 7 out of the 15 years studied. The specific infant mortality ratio for congenital
abnormalities per 1,000 live births shows an overall decrease in all the selected
countries (Greece included), where the percentages of decrease are fluctuating from
10.7 per cent (Japan) up to 25.7 per cent (Italy) (table 19)

The lowest percentages of decrease are observed in Greece (12.9 per cent) and in
Japan (10.7 per cent) but in Japan, the ratio is very low. Greece presents the highest
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specific infant mortality ratio for congenital abnormalities in comparison to the other

countries studied, in 10 out of the 15 years the study covers.

Table 19. Specific infant mortality ratio by congenital abnormalities per 1,000 live births in
Greece and in 8 selected countries. The absolute and percentage difference of the specific
ratio of each country between the years 1987 and 1994 has been marked in the bottom lines.
The highest ratio among the comparative countries for each year is marked with bold (N/A:
Data are not available) (World Health Organization — Annuals (1981-1995)

Year Greece Bulgaria  France  Italy Netherlands ~ Portugal Sweden USA  Japan
1981 4.84 N/A N/A N/A N/A N/A N/A N/A  N/A
1982 4.77 N/A N/A N/A N/A N/A N/A N/A  N/A
1983  4.65 N/A N/A 3.09 N/A N/A N/A N/A N/A
1984 444 N/A N/A 3.04 N/A N/A N/A 233 NA
1985 457 3.8 1.79 2.71 2.67 N/A N/A 228 N/A
1986  3.37 35 1.67 2.45 2.52 3.08 N/A 2.19  1.68
1987  3.66 3.6 1.73 2.61 2.74 3.35 223 2.07  1.65
1988  3.49 3.6 1.54 2.46 2.34 2.89 1.95 2.08  1.68
1989  3.26 373 1.53 2.36 2.15 3.10 2.16 2.01 1.65
1990  4.83 N/A 1.48 2.04 2.40 2.83 2.04 1.98  1.66
1991  4.46 N/A 1.36 1.97 2.26 2.71 2.16 1.87  1.60
1992 4381 N/A 1.25 2.00 2.40 2.60 1.82 1.83 1.69
1993 3.40 N/A 1.42 2.17 2.30 2.58 1.66 1.78  1.54
1994 319 N/A 1.32 1.94 2.11 2.55 1.67 1.73 1.47
1995  3.03 N/A N/A N/A 1.85 222 N/A N/A  N/A
Diff.  -0.47 -0.42 -0.67 -0.63 -0.8 -0.56 -0.34  -0.18

- 10.70
%  -12.90% -24.10% -25.70% -22.90% -23.80% -25.10% 16.20% %

Also noticeable is the increase of the ratio in Greece during the years 1990 — 1992.

This phenomenon is not observed in any other country under study (figure 20).
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Figure 20. Specific infant mortality ratio by congenital abnormalities per 1,000 live births
in Greece from 1981 to 1995 (NSSG — Statistics of Population's Physical Movement
(1981-1995))

The quotient of discharged patients with congenital abnormalities in Greece per
100,000 of population is shown in figure 21. This figure remains rather constant

throughout the period 1981 — 1995
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Figure 21. Discharged patients with congenital abnormalities per 100,000 of population
in Greece per year from 1981 to 1995 (NSSG — Monthly Statistic 315 (1981-1995))
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Table 20. Number of babies born with congenital abnormalities in Greece per category of
congenital abnormality from 1981 to 1995 (NSSG — Annual Statistic Yearbook (1981-1995)

Number of babies born during

Category of congenital abnormality the period 1981-1995 Percentage
Spina bifida and hydrocephalus 4.591 2
Other deformities of C.N.S. 2.971 25
Congemtjdl anomalies of heart and 46.075 )
circulatory system
Cleft palate and cleft lip 4.358 7
Other deformities of digestive system 13.747 5
Congenital dislocation of hip 9.2 12
Other congenital anomalies of 22033 44
musculoskeletal system
Other congenital anomalies 80.342 3
TOTAL 183.317 100

Table 20 shows the number of babies born with congenital abnormalities between
1981 and 1995 in Greece, per category of congenital abnormality (Annual Statistical
Yearbook of Greece by NSSG) and the percentage of each category of the total of
births of individuals with congenital abnormalities. The most frequent defects are
the congenital anomalies of the heart and the circulatory system. These account for
25 per cent of all birth defects in Greece. Malformations of the musculoskeletal
system (17 per cent) are the second most frequent category, while malformations of
the digestive system account for 7 per cent.

Figure 22 shows the differences between the geographic departments of Greece. The
specific mortality ratios for congenital abnormalities per 100,000 of population in
the 10 Greek departments show an overall decrease during the study period, except
for Crete (table 21). The reduction fluctuates from 25 per cent in Thrace up to 65 per
cent in greater Athens, while Crete shows an increase of 11 per cent. The reduction
noted in the 9 departments is not progressive and has been interrupted by severe
peaks that do not necessarily coincide with the peaks of the ratio of the entire
country (table 18). In 1981, greater Athens and Thrace show the highest ratios.
10.65 and 9.97 respectively, while the lowest ratio is found in Crete (4.38) and in the
Peloponnesus (6.31). In 1995, the last year of the study period, the highest ratios are
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observed in Thrace (7.43) and on the islands of the Aegean Sea (5.32). In the same
year 1995, the lowest figures are recorded in central Greece and Evia (2.90) and
Macedonia (3.12). Greater Athens shows a higher ratio as compared to Greece as a
whole (table 18) for every year studied.

Macedonia Thrace
" Ipiros
Thessaly
t Rest of
central

Greece and

Aegean Sea
Islands
Ionian | | ’
Sea Greater Athens h
Islands
e |
Peloponnesus Crete

Figure 22. Geographic departments in Greece (the National Statistical Service of Greece)

The specific mortality ratio in Crete shows a peculiar pattern. The increases and
reductions do not correspond at all with the ratio of the country as a whole. The
number of discharged patients with congenital abnormalities per 100,000 of
population in each geographic department is shown in table 21. A reduction of the
number of hospitalised persons for birth defects is seen in 7 departments out of the
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10: greater Athens (10 per cent), rest of central Greece and Evia (31 per cent).
Peloponnesus (22 per cent), lonian Sea islands (5 per cent), Thessaly (11 per cent).
Aegean Sea islands (12 per cent) and Crete (4 per cent). An increase is recorded for
Ipiros (3 per cent). Macedonia (20 per cent) and Thrace (21 per cent). Both in the
beginning and by the end of the study, the highest number of hospitalisations for
congenital malformations is noticed in greater Athens (142 and 128 respectively)
and in Crete (116 and 112 respectively).

Table 21. Deaths due to congenital abnormalities per 100,000 of population (specific
mortality ratio) per deceased's permanent residence from 1981 to 1995. All higher ratios than
the respective ratios of entire Greece in the same year are marked with bold letters. (See table
18) (NSSG — Statistics of Population's Physical Movement (1981-1995))

Rest of Toni A

Year Greater  central - Pelopon- Osr;fn Ipiros Thessaly Macedonia Thrace dezan Crete
Athens - Grecce NeSUS  islands islands

& Evia
1981 10.65 7.45 6.31 6.58  6.48 7.62 7.7 9.97 7.48 438
1982 11.11 5.48 6.74 6.01 554 839 597 1096 442 6.72
1983 87 5.95 6.58 436 9.82 5.07 6.79 9.88 7.66 8.84
1984 8.08 6.06 5.85 38 643 6.98 6.72 6.66 5.09 10.54
1985 8.58 5.05 5.71 6.5 5.8 6.78 6.32 8.88 7.63 272
1986  6.52 4.41 4.36 379 427 2.48 4.26 7.69 554 4.06
1987 747 3.43 4.92 324 457 3.98 3.88 7.06 552 5.96
1988 10.68 7.94 10.3 1295 7.9 6.31 9.56 10.09 1193 10.88
1989 51 2.54 4.16 2.68  3.65 4.66 4.02 732 273 529
1990 7.03 4.68 4.58 319 33 6.02 6.42 10.07 52 542
1991  6.96 4.07 421 419 615  3.67 4.96 673 449 6.1
1992 723 3.98 5.12 414 573 5.01 5.75 9.52 514 55
1993 4.96 2.88 4.06 256 505  4.05 4.42 6.79 29 583
1994 437 3.43 3.84 254 3.6 2.56 4.09 9.27 3.78 345
1995  3.75 2.9 3.19 354 439 391 3.12 7.43 532 486

Diff. -65% -61% -49% -46% -32%  -49% -59% 25%  -29% 11%
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Table 22. Discharged patients with congenital abnormalities per 100,000 of population per
place of permanent residence from 1981 to 1995. All higher ratios than the respective ratios
of entire Greece (see table 20) in the same year are marked with bold letters (NSSG —
Monthly Statistical Bulletin (1981-1995))

Rest of

Year iﬁi?:sr Efrr::gi Pilgslilosn- 'IOsI:;n Ipiros T};T}s/s- Macedonia Thrace I_Aesgezan Crete
& Evia islands islands

1981 142 98 101 89 75 93 92 77 97 116
1982 151 91 111 83 96 102 95 83 87 125
1983 133 108 104 142 103 104 99 91 130 129
1984 122 81 91 81 93 87 94 95 84 102
1985 117 86 96 82 86 85 98 93 93 99

1986 139 88 95 87 108 95 96 92 95 121
1987 132 82 94 101 108 74 95 94 84 139
1988 119 85 86 86 115 91 93 98 88 124
1989 117 92 105 96 109 93 112 114 93 144
1990 115 96 100 102 109 96 106 110 99 113
1991 116 79 95 101 103 89 114 98 91 118
1992 124 86 94 90 85 94 118 102 100 123
1993 131 82 92 112 70 91 115 117 100 129
1994 127 85 95 111 98 92 115 117 102 138
1995 128 68 79 84 77 82 110 93 85 112

Diff.  -10% -31% -22% -5% 3% -11% 20% 21%  -12%  -4%

The number of hospitalizations with congenital anomalies is higher in greater
Athens than in the rest of Greece during the whole study period. A similar pattern
exists in Crete, for 12 out of the 15 years of study. The ratio for Thrace increases by
21 per cent (77 — 93) between 1981 and 1995. The number of discharged patients in
Thrace never exceeds the corresponding figure for Greece as a whole. This contrasts
with the number of deaths as a result of congenital abnormalities (table 23).

Table 24 shows the results of a ‘peculiar’ percentage: the total number of deaths by
congenital abnormalities in each geographic region was divided by the total number
of discharged patients with congenital abnormalities in the same geographic region
for the 15 year period. This quotient is the ‘percentage of deaths/discharged patients
per geographic region’. In 9 out of the 10 departments, it is close to 5 per cent.
Thrace ha, however, an extremely high percentage of deaths/discharged patients
(8.74 per cent) (considerably more deaths per discharged patient than the other
regions in Greece).
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Table 23. Average annual specific mortality ratio for congenital abnormalities per 100,000 of
population and average annual ratio of discharged patients per 100,000 of population of each
geographic region of Greece for the time period 1981-1995. (NSSG — Statistics of
Population's Physical Movement/Monthly Statistical Bulletin (1981-1995))

Average annual specific Average annual specific number of
Geographic mortality ratio for congenital discharged patients with congenital
region abnormalities per 100.000 of abnormalities per 100.000 of
population (1981-1995) population (1981-1995)
Greater Athens 7.3 125
Rest of central
Greece and 4.8 91
Evia
Peloponnesus 5.37 97
loni
.oman sea 471 08
islands
Ipiros 5.61 97
Thessaly 5.12 91
Macedonia 5.63 105
Thrace 8.61 99
A
: egean sea 567 9%
islands
Crete 6.06 123
Entire Greece 6.09 108
4. Discussion

4.1.  Specific mortality and infant mortality ratios

The specific mortality and infant mortality ratios for congenital abnormalities
present a gradual decline, both in Greece and in the selected countries (tables 18 and
table 19). This is attributed to the continuous improvement in the diagnostic and
therapeutic means. Greece is characterised both by higher prevalence figures in
comparison to the other countries in this study, but also by a decline in the same
prevalence figures over the years. This has been achieved by pre-birth control and
medical care. However, the peaks in the figures of the prevalence should be
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investigated in more detail to identify their causes. In particular, the question arises.
whether they are related to environmental incidents.

Table 24. “Percentage of deaths/discharged patient”: Percentage ratio of the number of deaths
by congenital abnormalities to the number of discharged patients with congenital
abnormalities, for each geographic region of Greece from 1981 to 1995 (NSSG — Statistics of
Population's Physical Movement/Monthly Statistical Bulletin (1981-1995))

Geographic region Percentage of deaths/discharged patients
Greater Athens 5.83
Rest of central

Greece & Evia 5.30
Peloponnesus 5.53
Ionian sea islands 4.81
Ipiros 5.76
Thessaly 5.63
Macedonia 5.37
Thrace 8.74
Aegean sea islands 5.92
Crete 4.92
Entire Greece 5.37

4.2.  Variations of the ratios within Greece

The department of greater Athens and the department of Thrace show a high
mortality as compared to the country as a whole (tables 21 and table 23). However,
in Athens a 65 per cent reduction of the deaths by congenital abnormalities has been
achieved during the study period, while in Thrace only a 25 per cent reduction was
noticed. The population of Athens is about 1/3 of Greece’s total population, its
density is very high and people are exposed to several environmental stresses (air
pollution. toxic waste. endocrine disrupters. etc). On the other hand, Thrace is an
area in which part of the population is Muslims that behave as a closed social group.
These differences in population characteristics might point to factors that cause the
high incidence of deaths by congenital abnormalities in Thrace. Such factors entail:
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weddings among relatives, lack of systematic pre-birth control, lack of easy access
to the hospitals, and lack of social concern. This requires further investigation to
confirm or reject these hypotheses. An advantageous position with regard to deaths
by congenital abnormalities is occupied by central Greece and Evia (2.90 in 1995),
the Peloponnesus and the Ionian Sea islands. The reduction in the mortality ratios in
the different geographic departments varies between 25 and 65 per cent. Crete is the
only region with an overall increase (11 per cent) and a lot of variation during the
study period. The net increase observed from 1981 to 1984 and from 1985 to 1988
needs further investigation (table 21).

The most frequent causes of death in babies with birth defects (table 20) are the
congenital anomalies of the heart and the circulatory system and those of the
musculoskeletal system. This corresponds also to the international data. The deaths
caused by congenital abnormalities have not been classified by the NSSG by
geographic area. This is unfortunate, as this information is helpful to identify
possible causal factors.

4.3.  Hospitalisation due to birth defects within Greece

The rather constant tendency of hospitalisation of patients with birth defects (figure
21) can be attributed to the reduction of the number of deaths by congenital
abnormalities. Another possible explanation is the increase of social concern on this
problem. The regions with higher hospitalisation incidences for congenital
abnormalities are greater Athens and Crete (tables 22 and table 23). This might refer
to an easier access to the hospitals, but it can also reflect an increase in the number
of individuals born with congenital abnormalities. Another important issue is the
gradual reduction of both hospitalisations and death of babies with congenital
abnormalities in the rest of central Greece and Evia after 1990 and in the
Peloponnesus after 1989. This may be the result of better antenatal follow up or
other prevention actions in these regions.

4.4.  Deaths/hospitalisation ratio due to births defects in Greece

When the percentage in table 24 increases, either more deaths occur in the particular
region or the number of hospitalised patients decreased. Taking into consideration
this factor, we underscore the exceptionally high percentage of 8.74 per cent that
Thrace presents. In this region it is obvious that specific ‘factors’ have affected the
observed 15 year time period, which caused the elevation of the number of deaths to
high levels. Possible explanations of this fact could be the impedimental access to
the hospitals, the occurrence of major birth defects, human intervention etc.
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5. Conclusions

This study describes the problem of congenital abnormalities (deaths and
hospitalization) in Greece. It provides a picture of the distribution of congenital
abnormalities in Greece by department during the period 1981-1995. The results
were compared to data from other European countries with a lower, similar or
higher socioeconomic level than Greece and to results from the USA and Japan.
These latter served as international reference points. Although many studies in
Greece have been published analyzing specific congenital abnormalities, none of
them provides a general overview of the problem. Moreover, this study is unique in
comparing the mortality ratios of congenital defects between regions in Greece and
between Greece and other countries. The results provide information on the different
factors that influence the incidence of congenital abnormalities in the regions, i.e.
medical care, environmental, social, behavioural, and lifestyle factors. In Greece and
in other countries with a high incidence of congenital abnormalities, there is a need
for more information on the prevention methods used by other countries (i.e. Japan.
USA. etc.). There is equally a need to establish centres of birth defects registration,
to evaluate the genetic and environmental factors associated with congenital
abnormalities. The USA project (Centre for Birth Defects Research and Prevention)
can be used as a model. If this analysis contributes towards making authorities more
sensitive to the problem, this might mean a significant step forwards.
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Summary

The paper presents data and analysis concerning congenital anomalies in Bulgaria.
Assessment is based on statistical data reported in the National Statistical Institute
Yearbook: Health Protection and the Sofia registry of congenital anomalies in the
period 1996 — 1999. Forty subgroups of isolated congenital anomalies and
congenital diseases, detectable at birth during in the first year of life, have been
detected out of 34,124 pregnancies, registered during the period. The rates of live
births, stillbirths and induced abortions due to anomalies, per 10,000 pregnancies,
are selected as indicators. Results are compared with EUROCAT rates of cases per
10,000 births of 85 subgroups with congenital anomalies in the EUROCAT full
member registers in the period 1996 — 2001. The analysis which is made by
Simeonov and Dimitrov shows that only 2 per cent of the total incidence of
congenital abnormalities has a purely environmental origin. Most of the cases have
been attributed to multifactorial etiology. Comparison is made with the experience
of the TIS in Jerusalem and the data reported in the frame of OTIS.

Trends of reduction in the total infant mortality rates and the mortality rates due to
congenital anomalies and certain other conditions originating in the prenatal period
1990 — 2003 descised. It is shown that, in 2003, these two reasons could be ranked at
the first two places among the causes of the infant’s deaths with rates 260/100,000
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©2007 Springer.
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live births and 386/100,000 live births respectively. Territorial distribution of infant
mortality in 2003, caused by congenital anomalies and due to reasons originating in
the prenatal period, is connected with the territorial distribution of some known
teratogenic agents e.g. pesticides, dioxins, heavy metals, etc.

Increases in age of Bulgarian mothers at the birth of their age of the mother at the
last delivery are associated with increasing rates of chromosomal anomalies.

1. Introduction

Over recent years, public awareness has been growing for the developmental risks of
the embryo due to exposures in the uteros. Reproductive hazards of chemical,
physical or infectious agents on fetuses are related with the rates of spontaneous
abortions and stillbirths, gestational age, birth weight and the rate of congenital
anomalies. Prenatal complications and postnatal growth, neurological,
psychomotoric and behavioural development are equally important aspects in
assessmening of the effects of environmental agents on the outcome in human
pregnancies.

Congenital anomalies are structural errors, or disturbed chemical function due to a
metabolic deficiency. They constitute a considerable burden for the affected person,
his family and the society. Over all women have a 3-4% risk of having a child with a
significant birth defect. About 10 percent of, the birth defects are related to drugs,
chemicals, and infections, known maternal illnesses or other exposures.

It is estimated that 1:15 children born today has an inborn defect. Physical
anomalies can be overt, or occult. Common locations for congenital anomalies today
are the skull, spine, sacrum, hip, hands and feet (Beers and Berkow, 2005).

Birth defects incompatible with survival as a rule result in a spontaneous abortion.
Inborn metabolic abnormalities involve utilization of carbohydrates, lipids (fat),
pigments, and minerals. Abnormal metabolites may be stored, excreted, or absent.
Some deviant metabolic processes are gene transmitted and some are sporadic

occurrences.

Development is the process of growth and differentiation. Developmental anomalies
can be pre- or post-natal. Those appearing after birth can be inborn or orginate
during the in utero development.
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Teratology is the study of environmentally induced congenital anomalies. A
teratogen is an environmental agent, such as a drug, a virus or a pollutant, which can
cause a structural or functional anomaly by acting on the developing embryo or
fetus. As a part of the development of prenatal care programs, Teratogen
Information Services (TIS) emerged in the late 1970’s in many parts of the world.
Sixteen national TISes constitute the European Network of Teratogen Information
Services (ENTIS). In the North America and Canada, TISes are organized to form
the Organization of Teratogen Information Services (OTIS).

In this paper, statistical data are presented on the incidence rates, types and trends in
the congenital diseases and infant mortality rates in Bulgaria during recent years and
the causal factors are discussed.

2. Congenital diseases in Bulgaria: The Sofia register database

Sofia Registry of Congenital Anomalies (SORCA) emerged in 1996 in response to a
growing need for up to date scientific information about the effects of drugs and
other environmental agents on the developing human embryo and fetus. The registry
was organized by the Bulgarian Society of Human Genetics and Sofia Municipality
and was supported by the State and private sponsors until 2001. The registry covers
all mothers who are residents of the region of Sofia and covers approximately
10,000 births annually. In 1996, it became a member of EUROCAT. The registry is
not currently funded. In 2000, Simeonov and Dimitrov presented to the
Euroworkshop on reproductive and developmental toxicity of pesticides, helded in
Sofia, the four years experience of the Sofia register of congenital anomalies, based
on EUROCAT criteria. According to their report, 40 isolated subgroups of
congenital anomalies (CA) and congenital diseases, detectable at birth or to the end
of the first year of life have been detected, out of 341,24 pregnancies, registered in
the period 1996 — 1999. Almost one third of the registered families has been
contacted personally and has provided diagnostic information by competent
specialists. The overall incidence rates of CA are presented in table 25.

Table 25. Sofia register database, 1996 — 1999 (after Simeonov and Dimitrov, 2001)

Type of registrations Total number  Percentage Percentage of CA
Pregnancies 39,124 100 -
Total congenital

Lo . 778 1.9 100
anomalies, including:
- Live births 668 - 89.3
- Fetal deaths 38 - 5.1

- Induced abortions 42 - 5.6
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Details about the number and incidence rates of the groups of anomalies of the

registered cases in Sofia are shown in table 26.

Table 26. Registered number of congenital anomalies by type, 1996 — 1999 (after Simeonov

and Dimitrov, 2001; EUROCAT, 1996 —2001)

Type of Live  Fetal Induced Total Incidence rate per

congenital anomalies ~ births  deaths abortions 10000 pregnancies
SORCA EUROCAT

Total number 668 38 42 748 191.49 215.47*

Nervous system 83 35 31 148 37.89 21.75

Neural tube defects 35 18 23 76 19.46 10.03

Spina bifida 34 5 8 47 12.03 5.11

Heart diseases 245 3 2 250 64.00 60.84

Cleft lip with or 32 2 1 35 8.96 9.11

without cleft palate

Cleft palate 9 0 0 9 2.30 5.84

Digestive system 65 2 2 69 17.66 16.06

anomalies, excluding

pyloric stenosis

Internal urogenital 27 0 2 29 7.42 27.86

system

External genital 39 0 0 39 9.98 13.11

organs

Limb anomalies 54 5 2 61 15.62 36.62

Musculoskeletal and 62 4 4 70 17.72 22.17

connective tissue

anomalies

Down’s syndrome 44 0 3 47 12.03 18.85

Other chromosomal 16 1 8 19 4.86 13.29

anomalies, incl.

Trisomy 13 2 1 0 3 0.77 1.53

Trisomy 18 1 0 1 2 0.51 3.61

Eye anomalies (total) 40 1 1 44 11.26 4.44

Ear anomalies (total) 59 2 3 64 16.38 3.89

The values in bold show the highest prevalence rates in the Sofia registry or the EUROCAT

register.
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For comparison, the number of cases among live births, stillbirths and terminations
of pregnancy per 10,000 births, of 85 congenital anomaly subgroups in the
EUROCAT full member registers in the period 1996 — 2001 are presented in the
same table (EUROCAT report, 1996-2001). Unfortunately, the SORCA data are not
enough to make comparison with equal significance with the EUROCAT results.
EUROCAT has 41 members in 20 countries. More than one million births per year
are surveyed, one quarter of the births in EU member states and more than half of
births in seven non-EU countries. The central database holds a total of more than
350,000 cases of congenital anomalies since 1980, including live births, stillbirths
and terminations of pregnancy following prenatal diagnosis.

In general, the overall and individual incidence rates from SORCA do not differ
significantly from the average of EUROCAT (1996 — 2001). According to the
incidence rates, at the first places are ranked the heart diseases (64.00), nervous
system abnormalities (37.89), neural tube defects (19.46), musculoskeletal and
connective tissue anomalies (17.72), digestive system anomalies (17.66), limb
anomalies (15.62), ear and eye anomalies (16.38 and 11.26 respectively), spina
bifida (12.03). In spite of the smaller number of anomalies per 10,000 pregnancies
registered in Sofia than EUROCAT’s value, there are several groups with incidence
rates higher than the European register data. The table shows that in Bulgaria one
baby with neural tube defects is born per 1084 newborns and one with spina bifida
per 1,120 live births. The worldwide incidence rate of neural tube defects is 2.6 per
1,000 (Wyszynski, 2005).

Spina bifida occurs in the first month of pregnancy, often before the woman knows
that she is pregnant. It is known that women taking certain medication for epilepsy
and women with insulin dependant diabetes have a higher chance of having a child
with a neural tube defect. In the United States, spina bifida occurs in about one in
every 1,000 — 2,000 births. More children in the U.S. have spina bifida than have
muscular dystrophy, multiple sclerosis, and cystic fibrosis combined (NINDS,
2005).

In Western Australia, until 1996, about 2 children in every 1,000 have been born
with a neural tube defect. Since 1996, as a result of the folic acid campaign, the
value has dropped to 1.3 children per 1,000 births.

The Sofia register database indicates congenital facial clefs in 1: 925 live births — a
ratio comparable to ratios in the United States. At the same time, according to
William Johnson the birth certificate rate for the Native Americans was 1:512
(Johnson, 1982; Rosano, 1999). As the data in the last report do not come from
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clinical examination, but from birth certificate data, they frequently are considered
of questionable validity. The best demographic information about inborn anomalies
in Missouri River Basin Native Americans relates to the craniofacial area. In 1963,
cleft lip and palate were reported as 1: 276 Montana Native American live births.
The general population ratio was 1: 583. The incidence rate of lip and palate clefts
in the Sofia register are less than the values shown in the EUROCAT database
(11.16 incidence rate vs. 14.95 incidence rate). The prevalence of non-chromosomal
congenital anomalies has been positively associated with deprivation of the area
of residence. Summarized data, mentioned above for comparison are shown in
table 27.

The total chromosomal anomalies registered in Sofia per 10,000 pregnancies
including Down’s syndrome, trisomy 13 and 18 are almost twice less than those
registered by EUROCAT diseases, as shown in the table. No case of trisomy 21 is
registered in SORCA in the period studied. The prevalence of chromosomal
anomalies in some regions was negatively associated with deprivation, because of
higher average mother age in more affluent areas (Smith, 1988).

Table 27. Comparison of some nervous system diseases and facial clefts from SORCA and

worldwide
Type of congenital SORCA Worldwide
anomalies
Spina bifida 0.89 babies About one in every 1,000 - 2,000 births
per 1000 live  (USA)
births
Neural tube defects 0.92 babies 2.6 babies per 1,000 newborns
per 1000 (worldwide)
newborns About 2 children per 1,000 newborns
(W. Australia) — until 1996
1.3 children per 1000 births
(W. Australia) after 1996
Congenital 1.12 per 1000  1.71 per 1,000 live births (US)
facial clefts live births 1.49 per 1,000 live births¢(EUROCAT)

The age-specific fertility of Bulgarian women in 1998 — 2002 is shown in table 28.
It could be noticed that the number of births fell from 1998 to 2002 and that the
average age of mothers has increased.
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Table 28. Live births in Bulgaria according to the age of the mother (NSI, Population,

1999 —2003)
Year Total number of Mother age groups (percent)
livebirths  ynder20 20-24 25-29 30-34 35-39 40-44
1998 45,082 9.74 4243 3228 1160 327 0.64
1999 47,256 8.80 3936 3440 1316 3.59 0.67
2000 45,724 7.21 3724 3584 1501  3.90 0.74
2001 39,760 6.42 3496 3699 1650 430 0.79
2002 38,255 5.54 3268  38.60  18.00  4.36 0.77

A reduction of the total number of births and the age delivery of the first child is
noticed in mothers aged up to 24 years old recently in Bulgaria, on the contrary to
the increased women in their mid twenties and thirties. The same trends are shown
worldwide (Health, US, 2004).

3. Mortality rates

Infant mortality rate per 1,000 live births, compared with total mortality rate for all
ages (per 1,000 of population) are listed in table 29.

During in the period studied a reduction is observed in the infant mortality rates,
both in the cities and in the countryside. Nevertheless, the infant mortality rate in
Bulgaria is 2 to over 4 times higher than the corresponding of the EU countries
(5.9/1,000 in Greece and 2.8/1,000 — in Sweden) (Health, US, 1996 - 1997). Infant
mortality rate is stabilized at about 14 deaths per 1,000 live births till 2001. In 2002,
reduction to 13 3 per 1,000 is registered, which goes on decreasing to 12.3 in 2003.
Mortality is higher in the countryside than in the towns. At the same time, mortality
rate per 1,000 adult rises, mainly on behalf of the countryside.

During the last years, an increased trend of delivery at home is registered in
Bulgaria. This is a reason for the high maternal mortality. In the rural areas, mother
mortality is 25.5 per 100,000 births (UN Population Fund Report, 2004). The high
percentage of delivery at home is typical for specific ethnic groups with low living
standards. The main reasons are socio-economical, lack of health insurance, etc.
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Table 29. Mortality rates in Bulgaria during the period 1980 — 2003 (NSI Health Protection,

1981 — 2004

All ages, per 1000 people

Infant mortality rate per 1,000

Year live births
Total Urban Countryside  Total Urban Countryside

1980 11.1 8.2 15.7 20.2 18.0 24.9
1990 12.5 9.4 18.6 14.8 13.8 17.1
1995 13.6 10.7 19.9 14.8 14.0 16.7
2000 14.1 11.5 19.6 13.3 12.4 15.5
2001 14.2 11.5 20.4 14.4 12.9 18.2
2002 14.3 11.7 20.3 13.3 12.0 16.9
2003 14.3 11.8 20.1 12.3 10.7 16.5

In 2003 certain conditions, originating in the prenatal period (386/100,000 live
births) and congenital anomalies (259.8/100,000 live births) were at the two main
causes of infant death (figure 23).
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Figure 23. Infant mortality rates in Bulgaria per 100,000 live births (NSI, Health Protection,

2004)

For comparison, the three leading causes of death to infants in the US are congenital

anomalies and disorders relating to a short gestation period, low birth weight and
sudden infant death syndrome (SIDS) (Health, US, 1996 - 1997). It is known that
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major birth defects cause 20 per cent of infant mortality and are responsible for a
substantial number of childhood hospitalizations (Ornoy, 2001).

Trends in the mortality rates per 100,000 people from all ages due to the most
common reasons for the infant mortality in the period 1990 — 2003 are shown in
table 30.

Table 30. Trends in the mortality rate in Bulgaria during the period 1990 — 2003 (NSI,
Population, 2002, 2003)

Mortality cause Mortality rate (per 100,000)
1990 2000 2002 2003

Total congenital anomalies 5.8 34 3.0 2.7
Conditions, originating during the prenatal period 4.7 4.0 34 33

Trends of reduction are noticed for both reasons for death. These decreases in the
mortality rates could be explained by the increase of deaths, because of the higher
mean age of the constantly aging population (e.g. cardiovascular diseases or cancer).

Reduction of the infant mortality rates as a result of congenital malformations and
prenatal period conditions are shown in table 31. The data show that a general
decreasing trend, except from 1995.

A possible interpretation is that the 1990°s are a decade of dramatic political and
economic changes in Bulgaria, characterized by on industrial and agricultural crisis,
lack of environmental control, enhanced diversification and poverty, impaired
health care system, concerning a big proportion of the population. Improvement
from the beginning of the new millennium is due to the stabilization of the
Bulgarian economy and involvement of principles of prevention and control in the
new environmental legislation.

A comparison of infant mortality rates attributable to congenital anomalies by five
year periods for five countries is shown in table 32.

In the countries studied during the period, the infant mortality rates attributable to
congenital anomalies have increased by a factor of 1.7 (Bulgaria), or stabilized at
high levels (Rumania, Greece), while in the USA and Belgium they have decreased
by factors of 1.8 and 2.2 respectively. During the studied period, the proportional
impact of congenital anomalies on infant mortality varied significantly from country
to country but everywhere it increased.
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Table 31. Infant mortality rates in Bulgaria due to congenital anomalies and certain
conditions, originating during prenatal period 2003 (NSI, Health Protection, 2002, 2003)

Reasons for death Mortality rates per 100,000 live births
1990 1995 2000 2002 2003

Congenital anomalies (total) including: 401.2  418.2 3203 2827 2598
Congenital anomalies (total) including: 401.2 4182 3203 2827 2598

Spina bifida 20.9 222 13.6 165 10.4
Other nervous system anomalies 38.0 66.7 434 511 20.8
Anomalies of bulbus cordis 30.4 26.4 19.0 331 38.6
Other congenital heart anomalies 136.9 105.6 103.2 66.2 75.7

Congenital respiratory system anomalies 371 59.7 16.3 12.0 13.4
Congenital digestive system anomalies 37.1 37.5 285  25.6 32.7

Conditions, originating in the prenatal 393.6 464.1 4384 3985 386.0
period, including:

Disorders related to a preterm delivery 130.3 84.8 62.4 1203 1544
and low birth weight
Difficult breathing syndrome (sudden 42.8 62.5 69.2  49.6 44.5

infant death syndrome)

Table 32. Infant mortality rates (IMR) attributable to congenital anomalies per 10,000 live
births by five year periods in five countries 2003 (Rosano et al., 2000)

Country  1965- 1970- 1975- 1980- 1985- 1990-
1969 1974 1979 1984 1989 1994

IMR %* IMR % IMR % IMR % IMR % IMR %
Bulgaria 249 8 296 11 309 14 354 20 365 25 431 27
Rumania 33.6 7 335 8 373 12 429 16 504 19 389 16
Greece 399 12 43. 16 45.6 22 465 30 367 31 414 47
Belgium 474 21 423 22 351 25 296 27 244 26 214 26
USA 332 15 290 16 259 18 244 21 213 21 187 21

* per cent of total infant mortality

For instance, in Bulgaria it increased from eight per cent in the 1960s to 27 per cent
in the early 1990s. The increase is highest in Greece — almost fourfold and reached
47 percent. It is established (Br. Med. J. Publishing Group, 2000) that the infant
mortality rates attributable to congenital anomalies show a strong inverse correlation
with per capita gross domestic product (GDP). At the same time, the proportional
impact of congenital anomalies on infant mortality correlates directly with per capita
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gross domestic product. This explains why in Bulgaria later, when GDP per capita
was enhanced, IMR dropped to 28.3 in 2002 and 26.0 in 2003, with proportional
impact on infant mortality of 21 per cent in both years.

Territorial distribution of infant mortality in 2003 caused by different types of
congenital anomalies and due to reasons originating in the prenatal period, is shown
in table 33.

Table 33. Geographical distribution of infant mortality in Bulgaria in 2003, caused by
congenital anomalies and due to reasons originating during the prenatal period (NSI,
Population, 2002)

Infant mortality (per Infant mortality rate (per
Live births Still births 1,000 live births) 1,000 live births) due to
rate per rate per Country- Reasons
District 1,000 100,000 side Congenital from the
inhabitants  inhabitants Urban bordering anomalies prenatal
towns period
Average for the 8.6 7.0 10.7 16.5 2.6 39
country
Vratzsa 8.1 6.4 12.3 15.6 2.8 4.0
Montana 7.7 8.0 12.3 224 1.5 6.0
Dobrich 8.8 8.6 12.5 13.9 3.8 49
Varna 929 6.7 9.4 19.2 39 37
Silistra 8.7 9.4 123 18.1 5.8 4.7
Targovishte 94 6.4 14.3 23.6 53 6.6
Shumen 9.5 209 13.3 239 3.1 4.7
Burgas 9.6 8.6 12.7 16.6 1.2 1.2
Sliven 119 159 26.2 383 31 13.7
Yambol 8.2 4.6 12.0 449 49 4.1
Kardjali 9.6 49 13.2 17.9 1.9 52
Plovdiv 8.8 6.5 14.3 184 29 59
Kyustendil 7.2 5.1 15.5 179 35 0.9
Sofia-capital/ 8.9/7.5* 4.7/7.3* 6.9 20.1% 1.6/4.0% 2.0/3.5%
district.*

The values in bold show the rates exceeding the averages for the country and the problematic
regions. The asterisks mark values concerning Sofia-district

The higher birth rates in some regions could be explained both by the higher
standard of living in the big towns (Varna, Sofia-town, Burgas) or by the higher
percentage of ethnic groups with faster population growth in them (e.g. Sliven — with
the highest percentage of gipsy people and Kardjali, Shumen and Targovishte — with a
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high proportion of Muslims). Infant mortality rate varies in large range — from 5.9 in
the region of Vidin to over 30.6 per 1,000 live births in the region of Sliven. In half
of the regions, the values of this index are over the average for the country. In most
of the regions with higher infant mortality rates than the average for the country
(Silistra, Targovishte, Shumen, Sliven, Yambol, Kardjali, Plovdiv, Montana), the
proportion of congenital anomalies and conditions, originating in the prenatal
period, as reasons for death exceed the averages for the country. As was noticed in
our previous AREHNA Report (2004), these are developed agricultural areas or
highly industrialized regions with production of energy, or centres of metallurgy.
Therefore, the environment is more polluted, due to increased use of pesticides,
emissions of dioxins and heavy metals.

4. Discussion

The primary registration form of SORCA contains environmental information — e.g.
drugs, and other exposures. Approximately:

* 60 per cent of the registered fetus/children cases have been identified as
isolated, probably multifactorial, congenital anomalies, and

* 40 per cent — with multiple congenital anomalies, distributed as follows:
- chromosomal aberrations — 8 per cent,
- single gene disorders — 10 per cent,
- purely environmental — 2 per cent, and

- multiple congenital anomalies of unknown etiology — 20 per cent
(Simeonov and Dimitrov, 2001).

The experience of the TIS in Jerusalem (Ornoy, 2001) reported 38,000 calls over
twelve years. 75% of them were due to drug exposure, 9% to diagnostic exposure,
6% suspected to have intrauterine infection, 5% due to vaccination and only 2%
following exposure to environmental pollutants (Ornoy ef al., 1999).

In the frame of OTIS, more than 40 fact sheets summarize the effects of
environmental agents on the developing embryo and fetus for six different
categories of exposures: medications, infections, illicit substances, herbal products,
maternal medical conditions and other common exposures. The types of exposures
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and the reproductive status of those involved in the OTIS are presented in table 34
and table 35.

Table 34. Causes of congenital anomalies (OTIS, 2003-2004)

Cause Relative importance (%)
Mental illness 4
Environmental agent 8
Radiation 3
Occupational agents 17
Herbal products 4
Drugs abuse

Medication 58

Data show that the biggest proportion of anomalies is trigged by medications and
drugs exposure (64 per cent). Environmental factors including radiation,
occupational agents and herbal products rank in second, with 32 per cent.

This classification is not very convincing. Data about the environmental quality in
general may reveal little information about a person’s actual contact with
environmental agents. Living in an agricultural region does not necessary mean
exposure to pesticides or other agents which might have teratogenic activity. When a
drug has been taken by mother and a birth defect was investigated, she was asked
for the dose, time and duration of the treatment. In the case of chemicals, she could
be asked only whether she has been working with pesticides or if there has been an
indoor use against insects, or if the nearby field has been sprayed, or if her husband
has worked with pesticides. When a chemical is used as a pesticide, paternal
exposure is most often considered (Vergieva, 2001; Wakefield, 2000).
Environmental monitoring which determines what is in the soil, air, food and water
is not equivalent to the individual exposure.

Risk assessment of prenatal exposures requires knowledge about chemical structure,
dose and timing of exposure and any contributory factors regarding medical and
family history. The human embryo, like all mammalian embryos, is only partially
protected from the harmful impacts of the environmental factors. Hence many
chemicals, drugs, infections and physical agents may adversely affect the
developing embryo and fetus. The degree of susceptibility of these agents depends
on the developmental stage at exposure, duration of exposure and dosage. Very little
is known about the effects of exposure to low doses of pesticides, solvents and other
toxic substances. Anomalies are inherited through gene transmission (genotype), or
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are started by some stimulus during embryogenesis, when developing structures are
vulnerable (phenotype). As the OTIS sheets data show, 74 per cent of the anomalies
registered started during the stage of pregnancy (table 35).

Table 35. Origin of congenital anomalies (OTIS, 2003-2004)

Reproductive status Relative importance (%)
Pregnancy 74
Paternal 3
Preconception 9
Breast feeding 8
Unknown 6

Factors that are suspected to induce developmental anomalies include paternal and
maternal exposure to dioxins, PCB and pesticides. Epidemiological studies in
Russian cities heavily polluted with dioxins (Chapaevsk) showed higher frequency
of newborns with congenital hydrocephalus. In a city with high exposure PCBs
(Serpukov), higher incdense rates of with congenital anomalies (4.5 per 100 in
newborns were register, compared to 2.2 per 100 newborns an average Russian
cities) (Revich et al., 2000)

An increased rate of birth defects has been associated with the use of specific
pesticides or with pesticide mixtures. A comprehensive review of the relevant
epidemiological studies is produced by Garcia (1998) and Hanker and Houseman
(2000). Over all, the analysis indicated that parental employment in agriculture
increases the risk of congenital malformations in their offspring. In particularly
orofacial cleft, birthmarks, musculoskeletal and nervous system defects occur more
frequently than expected. The general public is exposed, however, at levels far
below the levels at which these effects have been established.

The total amount of pesticides used in Bulgaria during the period 2002 — 2004 is
shown in table 36.

The areas where pesticides are used are limited. As an example, the surface of
herbicide-treated vineyards is presented in figure 24 and comparison is shown with
the entire area of vineyards in Bulgaria. The compression shows that less than five
percent of the area is treated with plant defence products (PDP).
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Table 36. Pesticides used in Bulgaria (in tons) during the period 2002 — 2004 (National
Office for Plant Defence, 2004)

Type of pesticides Year
2002 2003 2004
Herbicides 2535.30 2422.09 2669.82
Insecticides 577.19 568.52 584.99
Fungicides 2096.13 1510.78 1549.76
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Figure 24. Area of vineyards in Bulgaria treated with herbicides (National Office for Plant
Defence, 2004)

This is the result of the Bulgarian likely to reduce the use of pesticides. This strategy
includes systematic control of the appearance, dissemination, density and the degree
of invasion of the plant diseases, insects and weeds and their natural regulators. An
aspect of the strategy includes e.g. the localization of the locusts in the unplanted
areas. Areas unwanted by locusts could be used as agricultural land. Also the timing
of pesticide use and optioning for more effective chemicals are important. The
executive body, carrying out this policy, is the National Office for Plant Defence. Its
formal responsibility includes biological testing of the pesticides according to the
Best Experimental Practice; requirements for permission according to Directive
91/414/EEC and Annex I of PDP and their active substances and next official
registration; control of the import of PDP and control in the market network
(Agrarian Report for 2003, 2004). Fifty-four of the active substances included in
Annex I ninety-one are components of PDP permitted in Bulgaria (National Office
for Plant Defence, 2004).
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Outdated pesticides, which are deposed in ruined, unprotected stores as a rule,
without control, contribute a significant problem. An elimination policy is in place
nowadays. Financial resources, spent for the collection and permanent disposal of
these old pesticides, are an indicator of the measures taken to protect the
environment against the dangerous substances (figure 25).
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Figure 25. Financial resources, spent in Bulgaria for the collection and permanent disposal
of those pesticides forbidden to use (National Office for Plant Defence, 2004)

An effort is in progress to limit the harmful health impacts of currently use
pesticides nowadays, by reducing their occurrence in soil, water, plants (tobacco,
herbs, forage) and food (tomatoes, lettuces, apples, strawberries). In addition, the
content of heavy metals and arsenic, some micro- and macro- elements in plants,
soil, water, sludge, composts, organic and mineral fertilizers are analyzed
systematically. Although the number of analysed samples is increases as steadily, it
is not sufficient to obtain a reliable view on the health situation. Till now the
monitoring does not cover all the regions of the country.

5. Conclusions

During recent years, Bulgaria faced serious demographic problems. Negative
population growth was accompanied by increased mortality and impaired
reproduction. During the most recent period, reduction trends of the total number of
births and increase of average mother’s age at birth, including the first child
delivery, are noticed in Bulgaria. Increase of delivery at home becomes more
frequent, typically for specific ethnic groups with low economical level and
resulting in high mother mortality. Reduction of infant mortality is observed in both
the cities and countryside in Bulgaria. Nevertheless, the rate remains higher than in
the other European countries. Congenital anomalies and certain conditions
originating in the prenatal period are reported as the main reasons of infant death,
with trends of reduction. The favourable trend from the beginning of the new
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millennium is a most likely consequence of the improvement of the environmental
conditions in Bulgaria, due to more effective control on environment polluting
activities and involvement in the principles of prevention.

Comparison the data of the Sofia Registry of Congenital Anomalies for the region of
Sofia the results with EUROCAT data, shows that the overall and individual
incidence rates in Sofia do not differ significantly from the average EUROCAT
values. Heart diseases and nervous system abnormalities are the most frequent
congenital diseases in Sofia.

Simeonov and Dimitrov (2001), by analyzed the primary information of the SORCA
register and concluded that about 60 per cent of the registered fetus/children cases
of birth defects have a multifunctional etiology two per cent are considered as purely
environmental. The territorial distribution of the infant mortality rates, including
congenital anomalies and certain conditions originating in the prenatal period and
stillbirths, confirms the harmful influence on infant anomalies of environmental
pollution with known teratogen agents as pesticides, dioxins and heavy metals.
Regions with intensive agriculture or metallurgy and energy production centres
shown the highest incidence rates.

The new strategy for the use of pesticides is discussed in connection with the
increase of the rate of birth defects associated with pesticides. It includes biological
testing of the pesticides, official registration after permission, control of their import
and in the market network. Elimination of prohibited pesticides is also one of the
measures taken reduced the health risk according to the Stockholm Convention.
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Summary

The first congenital anomaly register in the British Isles was established in 1949,
with a national system for England and Wales introduced in 1969 in the wake of the
thalidomide epidemic. There are now 14 regional congenital anomaly registers and
three disease-specific registers. These registers involve an extensive local network
of notifiers, use multiple sources of case ascertainment, consistent coding, and
include cases resulting in termination of pregnancy for fetal anomaly following
prenatal diagnosis. They have optimised the coverage, completeness and
ascertainment of congenital anomalies within their population, and are therefore able
to provide better quality data than the national system. There are notable variations
in the prevalence of congenital anomaly subtypes within these regions that cannot be
accounted for in terms of differences in case ascertainment or registration practices.
This underlying variation in prevalence should be recognised and taken into
consideration in the design of epidemiological studies that are investigating the
contribution of environmental influences to congenital anomaly risk, to ensure
correct interpretation of the findings. Local congenital anomaly register data has
been used to investigate congenital anomaly risk in populations within the British
Isles living close to landfill sites and incinerators, and to possible contaminants in
drinking water. Whilst the inclusion of high quality data from established congenital
anomaly registers enhances the quality of outcome data, such studies are currently
limited by the lack of detailed information on exposure. Causal pathways will only
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be determined if future studies combine high quality congenital anomaly data with
increased information on exposure assessment.

1. Introduction

Congenital anomalies are a significant cause of stillbirth and infant mortality,
accounting for approximately 15% of stillbirths and one third of all infant deaths per
year in England (Office for National Statistics, 2001). In 2003, 1.1% of all births in
England and Wales were found to have a congenital anomaly (Office for National
Statistics, 2004). Congenital anomalies are also important contributors to morbidity
in the first year of life and beyond. The congenital anomaly rate for England and
Wales has decreased from 168.1 per 10,000 live births in 1964 to 114 in 2001
(Office for National Statistics, 2004). Although the birth prevalence of certain types
of congenital anomalies has been declining in recent years (Murphy et al., 1996;
Rankin et al., 2000; Dastgiri et al., 2002), they continue to be a major cause of
childhood mortality and morbidity. It is therefore essential to accurately monitor
their occurrence to identify possible clusters and trends, to address concerns about
putative environmental influences and to investigate possible causes.

1.1. Recording of congenital anomalies in the British Isles

The importance of registering the type and number of congenital anomalies has long
been recognised within the British Isles. The first formal register of children with
congenital anomalies was established in Birmingham in 1949. Further registers were
set up, including one in Liverpool (Smithells, 1962; Owens et al., 1988), South
Wales (Richards and Lowe, 1971), and Glasgow (Stone, 1986). These early registers
recorded information on congenital anomalies among those resident in these cities.
The vulnerability of the developing fetus to chemical exposures was highlighted by
the thalidomide tragedy in the 1960s (McBride, 1961; Lenz, 1962), in which women
who took the drug between days 20-35 post-conception gave birth to children with
severe congenital limb defects (Lenz, 1962). This episode led to the establishment of
malformation registers in many parts of the world including Canada, Australia, New
Zealand, and Japan. Within the British Isles, the national collection and notification
of information on congenital anomalies present at birth was proposed by the Chief
Medical Officer in 1963 to facilitate the detection of hazards (Office for National
Statistics, 2001). This led to the establishment of a national surveillance system, the
National Congenital Anomaly System (NCAS), in 1964. The NCAS was set up with
the aim of detecting visible congenital anomalies at birth, to identify changes in the
frequency of reporting particular congenital anomalies or groups of anomalies
(Office for National Statistics, 2001). The NCAS contributes data to the
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International Clearinghouse for Birth Defects Monitoring Systems, a World Health
Organisation recognised body representing 39 malformation monitoring programs
worldwide (International Clearinghouse for Birth Defects Monitoring Systems,
2002).

1.1.1. The national congenital anomaly system

NCAS is a voluntary system, involving the passive collection of notifications, run
by the Office for National Statistics (ONS). It collects information on congenital
anomalies arising in live and stillbirths in England and Wales. As legal abortion was
not introduced in England and Wales until 1968, four years after NCAS was
established, NCAS does not include information on congenital anomalies associated
with termination of pregnancy following prenatal diagnosis, or spontaneous
abortion. Information is supplied to NCAS from acute hospital trusts, child health
systems, and public health departments within primary care trusts, or midwifery
units that are required to complete and return a birth notification form (Misra et al.,
2005). Minor anomalies are not included on the system. The ONS uses the same
exclusion list for minor anomalies developed by the European Surveillance of
Congenital Anomalies (EUROCAT). However, minor anomalies are reported if they
are found in conjunction with other anomalies. The information collected includes
partial surname and forename of the child, place of birth, date of birth, sex,
live/stillbirth, multiplicity, last menstrual period, gestation in weeks, birth weight,
home address, parent’s occupation, mother’s date of birth, number and outcome of
previous pregnancies, and the congenital anomalies reported. The original system
registered cases notified within seven days of birth, but this age cut-off limit for
registration has now been withdrawn. All congenital anomalies are coded to the
International Statistical Classification of Diseases and Related Health Problems
version 10 (ICD-10) (World Health Organisation, 1994). These codes are grouped
together into ONS monitoring groups for surveillance purposes.

The national notification system has long been known to be incomplete. The
completeness of certain data items is known to be particularly poor, for example,
gestational age is present in only 76% of notifications and less than half of all
notifications contain information on parents’ occupation (Misra et al, 2005).
Underascertainment of cases is also known to be high, especially where the
diagnosis is confirmed only some time after birth (Knox et al., 1984; Payne, 1992;
Office for Population, Census and Surveys, 1995; Dolk et al, 1998a; Boyd et al.,
2005; Misra et al., 2005). This under ascertainment varies by congenital anomaly
type. A comparison of the number of notifications of Down’s syndrome made to
NCAS with those on the National Down’s syndrome Cytogenetic Register, revealed
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a fifty to sixty per cent underascertainment in the NCAS (Botting, 2000). A recent
assessment of the completeness of NCAS data compared to four local congenital
anomaly registers, found that, overall, NCAS only identified forty per cent of
congenital anomalies arising in live and stillbirths during the study period 1991-99
(Boyd et al., 2005). Compared to local register data, the lowest ascertainment was
for neural tube defects; NCAS recorded sixty-eight per cent of all neural tube
defects (when terminations of pregnancy were excluded) recorded by the local
registers and thirteen per cent of cardiac anomalies (Boyd ef al., 2005).

Despite the known shortcomings, a number of which are currently under review, the
NCAS system provides the most extensive coverage of data on congenital anomalies
in England and Wales at present.

1.1.2.  Regional congenital anomaly registers

Local congenital anomaly registers have been established in a number of regions
within the British Isles, to meet local needs and to carry out a variety of audit and
research projects including audits of prenatal diagnosis and research into the causes
of specific anomalies within their locality. To complement the passive system of
notification used by NCAS, data from local registers began to be fed into the
national system by electronic data exchange in 1998. This dramatically increased the
notification rate. For example, the notification rate for Wales was approximately 150
per 10,000 live births in 1997, which increased to 310 per 10,000 live births in 1998
once the Congenital Anomaly Register and Information System for Wales (CARIS)
began reporting to NCAS (CARIS, 2001).

A congenital anomaly register was established in Glasgow in 1972, and this was
extended to include Greater Glasgow in 1974. In 1985, a register was set up in the
Northern region of England (the Northern Congenital Abnormality Survey,
NorCAS) and since then seven further regional registers have been established in
England (West Midlands, Merseyside and Cheshire, North West Thames, Wessex,
East Midlands and South Yorkshire (formerly Trent), Oxfordshire, Berkshire and
Buckinghamshire, the South West region), one in Scotland, three in Ireland (Dublin,
South Eastern Health Board, South East), and the South Wales register has been
extended to cover all of Wales. The geographical area covered by each register and
the total number of annual births is summarised in table 37.
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Table 37. Regional congenital anomaly registers in the British Isles
Age limit for
No. of 1 dat
. Year Geographical ,O of anfua ata )
Register births collection
started area covered 1
covered (years)
Regional registers
Gl EUROCAT Greater Gl
aseow 1972 reatet Lasgow 9,680 No limit
Register Health Board
Dublin EUROCAT Counties Dublin, 5
Registry 1980 Wicklow & 23,270
Kildare
Gal EUROCAT County of
away 1981 ouny o 3,000 5
Register Galway
North 1
Northern Congenital TO . Zm\;)lzr and,
n ar
Abnormality Survey 1985 Y ’ 30,330 12
(NorCAS) Durham, Tees,
North Cumbria
N
North West Thames orth West
. . London,
Congenital Malformation 1990 . 48,470 1
rewister Hertfordshire,
caise Bedfordshire
Congenital Anomaly
Register for Oxfordshire,
Berkshi d
Bercksinlgrliaﬁshire Oxfordshire,
u
2003 Berkshire & 27,360 1
(CAROBB) (previously Ber ksinlrflam i ’
the Oxford CAR which uexing shire
covered Oxford births
only from 1991)
West Midlands
Congenital Anomaly 1995 West Midlands 66,280 2
Register
- . Hampshire,
W Cl 1 Genet
esnex JAMed HEREHC 1994 Dorset & part of 26,310 No limit
Service (WANDA) .
Wiltshire
Merseyside and Cheshire .
M de &
Congenital Anomaly 1995 erseyside 25,000 1
Cheshire
Survey
Cork and Kerry Counties of Cork
Congenital Anomaly 1996 and Kerry, 7,500 No limit
Register Ireland
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Table 37. (Continued)
Age limit
. No. of annual  for data
Year Geographical area . .
. births collection
Register started covered 1
covered (years)
East Midlands and
South Yorkshire East Midlands
Congenital Anomaly 1997 N 68,800 No limit
) South Yorkshire
Register (formerly
Trent)
South Eastern Health Counties of
Board (Ireland) Kilkenny, Carlow,
1997 Wexford, 6,320 No limit
Waterford, South
Tipperary
Wales Congenital
Anomaly Register & 1998 Wales 31,330 1
Information Service ’
(CARIS)
South West Congenital Cornwall, Devon,
Anomaly Register Avon
2002 Gloucestershire, 44,820 18
Wiltshire (not
South), Somerset
Scottish Congenital 1994 Scotland 52,730 1
Anomaly Register ’
Disease-specific registers
National Down’s
syndrome Cytogenetic 1989 England & Wales 621,470° No limit
Register
Audit of Screening for .
Chromosomal Diagnosed
L. 2001 London 105,000 after April
Anomalies in London 2001
(ASCAL)
CRANE 5 All live
2000 England & Wales 621,470 .
births

T Live and stillbirths only, figures are rounded

2 Livebirths only

Most of the regional congenital anomaly registers are population-based, with

registration dependent on the mother’s place of residence within the boundaries of

each region, even if they were delivered outside the region. Two registers (North

West Thames and Wessex) are hospital based, that is, they cover all deliveries
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within all hospitals within a geographically defined region. These local registers
share a standardised minimum dataset (table 38), methodology, multiple source
notification system and confidentiality and information technology security
protocols. They are proactive in their method of data collection and regularly check
the completeness of the notification of groups of anomalies, facilitated by their close
links with collaborating clinicians.

Table 38. The core dataset for registers belonging to the British Isles Network of Congenital
Anomaly Registers (BINOCAR)

Core items

Mother’s National Health Service (NHS) number
Mother's date of birth/age
Mother's ethnic origin group
Postcode delivery/mother
Baby unique identifier (ID)
Anomaly description
Anomaly ICD10 code
Anomaly status (suspected)
Antenatal detection

Date of diagnosis

Diagnosis method
Birthweight

Date of delivery

Infant’s sex

Date of death

Estimated date of delivery
Gestation

No. of fetuses

Pregnancy outcome

Identifiers

Baby hospital NHS number
Baby forename

Baby surname

Mother's forename
Mother's hospital ID
Mother's surname

Administrative fields
Address delivery/mother
Notifier name/details
Place of delivery text
Baby hospital ID 1
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As well as collecting information on cases of congenital anomalies in live and
stillbirths, the local registers also record cases occurring in late miscarriages (> 20
weeks gestation) and in terminations of pregnancy following prenatal diagnosis for
fetal anomaly. All such cases should be included, when calculating a total
prevalence rate for a particular congenital anomaly. When comparing prevalence
rates between registers, it is essential to know whether or not all cases occurring in
all pregnancy outcomes have been included, so that accurate comparisons can be
made.

The integration of the regional registers with the national notification system has
gone a long way to improve the completeness of NCAS. However, regional
congenital anomaly registers only cover approximately half of the population of
England and Wales, and about sixty per cent of the population of Ireland. There are,
therefore, large populations in the British Isles where this improved system of
congenital anomaly notification is not currently available. The under-reporting of all
congenital anomalies in areas not covered by a local register is of major public
health concern.

There is currently no central source by which the regional registers are funded. This
means that an enormous amount of time and effort is spent by individual registers to
secure funding to maintain their existence. Inevitably, this is time deflected from
central activities such as data collection, validation, analyses and monitoring. The
feasibility of providing national funding for congenital anomaly registers in England
and Wales is currently being investigated.

1.1.3.  Disease-specific registers

In addition to local congenital anomaly registers, three disease-specific registers
have been established. The National Down’s syndrome Cytogenetic Register, set up
in 1989, collects information on all cases found to have a karyotype characteristic of
Down’s syndrome, from all cytogenetic laboratories in England and Wales (Mutton
et al, 1991). In 2001, an Audit of Screening for Chromosomal Anomalies in
London (ASCAL) was established and includes all cases diagnosed after April 2001.
The CRANE database, managed thorough the Royal College of Surgeons of
England, collects information from each of the nine regional cleft teams in England
on all live born children with a facial cleft. This register introduced a web-based
system for notifying cases in 2000.
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1.1.4.  The British Isles network of congenital anomaly registers

The regional and disease-specific registers joined together in 1998 to form the
British Isles Network of Congenital Anomaly Registers (BINOCAR). The aim of
BINOCAR is to provide continuous epidemiological monitoring of the frequency,
nature, cause and outcomes of congenital anomalies for the population of the British
Isles, by means of national, regional and disease-specific registers of congenital
anomalies. BINOCAR was set up for:

(1) the surveillance and analysis of congenital anomalies,

(i1) the monitoring and audit of health provision, detection and outcomes
for congenital anomalies,

(ii1) the planning and administration of the provision made for health and
social care for pregnancies and infants affected by congenital
anomalies,

(iv) medical research into the causes and consequences of congenital

anomalies approved by research ethics committees,

) the provision of information to clinicians to support their clinical
practice.

BINOCAR is a collaborative network which aims to collectively address issues
specific to the functioning of a register, including ensuring data quality, common
approaches to coding and finding sources of funding, as well as combining data to
monitor regional and secular trends in the prevalence of congenital anomalies, and
investigations into possible causes. For example, using the BINOCAR network,
Abramsky et al. (1999) demonstrated that the decline in neural tube defect rates
noted in the 1980s, did not continue in the 1990s (Abramsky et al., 1999) despite the
UK Medical Research Council’s recommendation that increasing periconceptional
folate supplementation could reduce the occurrence of neural tube defects (Medical
Research Council Vitamin Study Research Group, 1991). The prevalence of
gastroschisis, a congenital anomaly of the anterior abdominal wall, has been
increasing globally over the past 30 years, especially among young mothers (Torfs
et al., 1994; Tan et al., 1996; Nichols et al., 1997; Rankin et al., 1999). Recent data
from BINOCAR has shown that the prevalence of gastroschisis from the UK
congenital anomaly registers (4.4 per 10,000 total births in 2003) is higher than that
reported by NCAS (2.1 per 10,000 births in 2003) (Chief Medical Officer, 2005).
The reported rate for BINOCAR reflects the higher case ascertainment by the local
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registers, facilitated by the close collaboration with, for example, paediatric
surgeons and the inclusion of cases occurring in terminations of pregnancy and late
miscarriages. A significant increase in the total prevalence rate of gastroschisis has
been reported by the BINOCAR network (2.5 per 10,000 births in 1994 to 4.4 in
2003) as shown in figure 26.
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Figure 26. Total prevalence of gastroschisis for BINOCAR registers and England & Wales
from NCAS per 10,000 births, 1994 — 2004 (BINOCAR and NCAS data for England and
Wales, 1994-2004.) Annual Report of the Chief Medical Officer, 2004. Crown Copyright

2.  Variations in the prevalence of congenital anomalies in the British Isles

The pattern of prevalence and of trends in prevalence of congenital anomaly groups
and subtypes can vary over time and across regions and countries.

2.1. Secular trends in congenital anomaly prevalence

Figure 27 shows the total prevalence rate of selected congenital anomalies reported
to EUROCAT by seven registers (Dublin, CARIS, NorCAS, North West Thames,
Oxford, Trent and Wessex) for the years 1999-2003. There is obvious year on year
fluctuation, but a decreasing trend in the prevalence of Down’s syndrome is
suggested (21.4 per 10,000 births in 1999 to 19.9 per 10,000 in 2003). The total
prevalence rate for neural tube defects has remained stable at approximately 12 per
10,000 births for these registers during this five-year period. It has previously been
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suggested that the prevalence of neural tube defects may have reached a plateau in
the UK (Rankin et al., 2000). Conversely, there was a trend towards an increase in
the total prevalence of malformations of cardiac valves notified to these selected
registers, an increase from 7 per 10,000 births in 1999 to 7.8 per 10,000 in 2003.

Rate per 10,000 births
25
20 —~ —~ |
=—&—Down's
syndrome
15 =l — Neural tube
defects
-8 g B B * -A = Malformations of
valves
10
L - A - . . - 4‘ -~
A A A
5 ) ) ) )
1999 2000 2001 2002 2003
Year
Figure 27. Total prevalence rate of selected congenital anomalies per 10,000 births,

1999-2003

2.2.  Regional variations in congenital anomaly prevalence

There are also regional differences in the prevalence of congenital anomalies within
the British Isles. Historically, Glasgow had a relatively high prevalence of neural
tube defects compared to other parts of Europe (EUROCAT, 1991), although this is
no longer the case. A recent study which described the prevalence of selected
congenital anomalies within five well-defined geographical areas of Britain
(Glasgow, Northern, Oxford, North West Thames, Wessex) between 1991-99,
showed clear differences between registers in the total prevalence of certain
congenital anomaly subtypes (Rankin et al, 2005). The congenital anomalies
considered did not include all congenital anomalies that occurred within the resident
population but were well-defined, major anomalies consistently notified and coded
across the five registers. A higher proportion of non-chromosomal anomalies were
notified to the Glasgow and Northern registers. The Glasgow register had higher
rates for malformations of cardiac septa, transposition of the great vessels, digestive
system anomalies, ano-rectal atresia and stenosis, limb reduction defects and
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diaphragmatic hernia, but lower rates of chromosomal anomalies. The Northern
region had the highest rate for malformations of valves (18.3 per 10,000 births).
Conversely, rates for isolated cleft palate were lowest in Wessex and Oxford.

There are a number of underlying factors that may explain variations in
geographical and secular trends in prevalence: case ascertainment methods including
data collection methods, sources of information, and demographic (e.g. maternal
age) and environmental factors (e.g. preconceptional vitamin supplementation). In
this study, the registers showed similar rates in cardiac defects which can be
diagnosed antenatally, e.g. transposition of the great arteries, hypoplastic left heart
and atrioventricular septal defect, but greater variation was seen across the registers
for late postnatally diagnosed cardiac defects e.g. Tetralogy of Fallot, malformations
of valves (Rankin et al., 2005). The higher rates of some cardiac defects, reported by
the Glasgow and Northern registers, reflect the very close relationship these
registers have with Paediatric Cardiology Departments, which facilitates the
ascertainment of postneonatal diagnoses.

Another source of ascertainment variation is the ascertainment of less severe forms
of congenital anomalies. For example, in this study differences were also noted in
the prevalence of limb reduction defects, with a higher rate in Glasgow (Rankin et
al., 2005). This may reflect differential ascertainment of (or registration of) less
severe cases (e.g. missing parts of fingers or toes).

Other examples of regional variation in prevalence cannot be readily explained as
ascertainment variation or differences in registration practice and may reflect true
differences in prevalence. Glasgow has a particularly high prevalence rate of cleft
palate (6.9 per 10,000 births) (Womersley and Stone, 1987). The Glasgow and
Northern registers experienced a higher rate of neural tube defects, gastroschisis and
diaphragmatic hernia during 1991-99 than the other registers (Rankin ez al., 2005).
Indeed, geographically, a north-south divide in the total prevalence rate of
gastroschisis in the British Isles has been reported. Table 39 shows the average
three-year prevalence of gastroschisis (2002-2004) for the ten congenital anomaly
registers in England and Wales. Registers covering Wales, northern England and
Glasgow had higher total prevalence rates than those covering southern England
(Chief Medical Officer, 2005). The reasons for this geographical gradient are
currently not known.

It is important to appreciate that regional differences in prevalence exist, as variation
can easily occur due to ascertainment differences or variation in registration
practices. The underlying prevalence of congenital anomalies in a particular locality



CONGENITAL ANOMALIES IN THE BRITISH ISLES 371

must be understood and taken into account in the design of epidemiological studies
that aim to assess the contribution of environmental exposures to congenital
anomaly risk, otherwise incorrect interpretation of findings may result.

Table 39. Average three-year (2002-04) prevalence of gastroschisis for ten BINOCAR

registers
Region Prevalence rate 95% confidence
(per 10,000 births) limits

Wales 6.2 4.6-7.8
NorCAS 52 3.7-6.7
Glasgow 4.9 23-74
Merseyside & Cheshire 4.7 32-63
East Midlands & South Yorkshire 4.7 3.7-5.7
(formerly Trent)

West Midlands 4.2 32-51
Wessex 33 20-45
South West 33 24-42
Oxford 24 03-45
North West Thames 1.6 1.0-22
All BINOCAR registers 4.0 3.6-4.4

(Source: BINOCAR registers, 2002-04.) Annual Report of the Chief Medical Officer, 2004.
Crown Copyright.

3. Use of data from congenital anomaly registers in environment and health
research in the British Isles

The effect of maternal exposure to environmental influences and congenital
anomaly risk is a rapidly growing area of research in the British Isles. Within the
last ten years, data from regional congenital anomaly registers and from NCAS have
contributed to a number of studies. These include studies of congenital anomaly risk
among populations living in close proximity to landfill sites (Dolk et al., 1998b;
Vrijheid et al., 2000a, 2002b; Elliott et al., 2001; Morris et al., 2003; Boyle et al.
2004; Palmer et al., 2005), and to incinerators (Cresswell et al., 2003; Dummer et
al., 2003), as well as to possible contaminants present in water such as lead
(Macdonell et al., 2000) and fluoride (Lowry et al., 2003), and in soil (Elizaguirre-
Garcia ef al., 2000). The findings from such studies have ranged from no excess risk
to small, elevated risks in particular congenital anomaly subtypes. In addition to
these published studies, there are ongoing studies of the association between
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maternal exposure to ambient air pollutants (particulate matter, sulphur dioxide) and
to chlorination by-products, and congenital anomaly risk.

The use of data from congenital anomaly registers has a number of advantages: good
case ascertainment through active data collection methods within a geographically
defined area, inclusion of cases of miscarriages and terminations of pregnancy
following prenatal diagnosis, consistent registration procedures, and availability of
local expertise. However, the limitation to the use of this data is the lack of detailed
information on the exposure. Registers do not routinely collect this information, as
undertaking analytic investigations of environmental exposures was not the reason
the registers were originally set up. If further progress is to be made in the study of
the effect of maternal environmental exposures on congenital anomaly risk, the
collection of high quality exposure data is essential, to reduce exposure
misclassification.

3.1.  Cluster investigations

Congenital anomaly registers are valuable sources of information when clusters of
particular types of anomalies are suspected. For example, reports of possible clusters
of limb reduction defects in populations living near the sea, initiated studies using
data from congenital anomaly registers to investigate whether there was any
difference in the reported rates of these anomalies in babies born in coastal areas
compared with those living inland. No differences in rates were found (Botting,
1994; Wright et al., 1995). Media reports of alleged clusters of anophthalmia and
microphthalmia in England and a possible link to exposure of mothers to a
fungicide, led to the establishment of a register of all children born with these
conditions in England during 1988-94. An investigation into the geographical
variation and clustering of anophthalmia and microphthalmia found little evidence
of localised environmental exposures causing clusters of these conditions (Dolk et
al., 1998a).

311 Geographical variation in congenital anomaly rates

The suggestion of a small increased risk of selected congenital anomalies in
pregnancies of mothers living near environmental exposures such as landfill sites
(Dolk et al., 1998b) has highlighted questions around spatial variation in congenital
anomaly rates. Using data from five congenital anomaly registers (Glasgow,
Northern, Oxford, Wessex, and North West Thames), geographical variation and
clustering were analysed at four geographical levels: register, hospital catchment
area, ward, and census enumeration district (Dolk et al, 2003). The analyses
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concerned cases of selected congenital anomaly among live births, fetal deaths from
20 weeks gestation, and terminations of pregnancy following prenatal diagnosis,
identified by the five registers from 1991-1999. Only congenital anomalies that were
well defined and recorded, and could plausibly be related to environmental
exposures, were included. For non-chromosomal anomalies, there was evidence of
clustering at hospital catchment area level but not below this. For chromosomal
anomalies, there was clear geographical heterogeneity in rates between registers but
not below this. The lack of evidence of generalised clustering of congenital
anomalies below hospital catchment level in Britain suggests that the interpretation
of results from studies of proximity to landfill sites is substantiated (Dolk et al.,
2003).

4. Conclusion

The importance of recording and monitoring the occurrence of congenital anomalies
in the British Isles has long been recognised. Regional congenital anomaly registers
have been established to monitor the prevalence of congenital anomalies and to
carry out investigations into increasing trends and possible clusters. Within the
British Isles, a large proportion of the population is not covered by a congenital
anomaly register, resulting in underreporting of congenital anomalies within these
areas, which is of major public health concern. The precise actiology of most
congenital anomalies is not fully understood, but is likely to be multifactorial
involving both genetic and environmental factors. The incomplete understanding of
the causes of many important anomalies means that the scope for primary
prevention is limited at present. As the causes of many congenital anomalies are still
unknown, continued monitoring of, and investigation into, their occurrence is a
priority for public health. High quality congenital anomaly registers play an
essential role in providing the means to investigate how environmental exposures
and individual lifestyle factors influence the occurrence of congenital anomalies.
Networks such as BINOCAR and EUROCAT have been established to provide a
framework for such investigations and to enable collaborative work to facilitate
aetiological research.

The link between environmental exposures and congenital anomaly risk is an
emerging area of research within the British Isles. The effects of living in close
proximity to waste disposal sites (landfill sites and incinerators), of exposure to
ambient air pollutants, and to possible contaminants in drinking water, are
increasingly attracting public concern. There are a number of potential limitations to
current studies of the effect of environmental exposures on congenital anomaly risk,
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including misclassification of exposure, ascertainment bias, migration bias and the
influence of occupational and industrial exposures. Further investigations of the risk
from such exposures are needed. Such studies within the British Isles will have the
advantage of using high quality, population-based data on congenital anomalies
from local registers within geographically defined areas that are maintained by
highly motivated and dedicated staff. However, causal pathways will only be
determined if good quality data on exposure is ascertained, and this is the direction
that future research should take.

Without regional registers that can identify all cases of congenital anomaly,
including those occurring in termination of pregnancy following prenatal diagnosis,
evaluations of developments in preventive strategies and prenatal diagnosis will not
be amenable to formal assessment; planning health care provision for children with
long-term disabilities will not be accurate and assessing the impact of environmental
exposures will not be possible. The current insecure funding of the regional
congenital anomaly registers within the British Isles is of grave concern.
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Summary

As a result of public concerns about hormone-disrupting chemicals — such as
publication of ‘Silent Spring’ — and calls from the European Parliament, the
Commission took early, decisive actions to tackle this problem. A strategy was
adopted in 1999, recognising that the final goal should be the protection of human
health and the environment. A call for more research in the Strategy resulted via the
publication of calls for proposals in the Fifth Framework of Research (1998-2002),
in multi-centre, pan-European projects. They addressed a wide range of issues
related to endocrine disruption ranging from declining sperm counts in humans to
long-term effects of exposure to low doses of chemicals in laboratory animals. In
addition, methods for detection and testing have been developed. This concentrated
effort has produced results useful for regulatory purposes. Taking into consideration
projects funded by the ongoing Sixth Framework Programme (2002-2006), the total
expenditure on Commission-sponsored endocrine disrupter projects now exceeds
€120 million. The purpose of this chapter is to provide to an overview of
Commission-sponsored research projects dealing with endocrine disrupters and
underlying policy decisions, sponsored mostly by the Key Action ‘Environment and
Health’.
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1. Introduction

1.1.  Path to adoption of community strategy for endocrine disrupters

As a result of public concerns about hormone-disrupting chemicals — such as
publication of ‘Silent Spring’ — and calls from the European Parliament in the
1990’s, the Commission took various actions to tackle this problem. One of the first
ones took place in 1996, in the form of a workshop in Weybridge, UK, bringing
together 70 scientists and policy-makers from the EU, USA and Japan as well as
from organisations such as OECD, WHO, European Science Foundation (ESF) and
The European Chemical Industry Council (CEFIC) and non-governmental
organisations. The workshop concluded, among other things, that certain
phenomena such as the apparent decline in sperm counts in some countries is likely
to be genuine and that exposure to endocrine disrupters should be dealt with by
measures in line with the “precautionary principle”.

The European Parliament adopted in 1998 a report and a resolution on the topic of
endocrine disruption, calling upon the European Commission to take specific
actions, in particular with a view to improving the legislative framework, to
reinforcing research efforts and to making information available to the public.

In 1999, the European Commission’s Scientific Committee for Toxicity, Ecotoxicity
and the Environment (SCTEE) presented its opinion “Human and Wildlife Health
Effects of Endocrine Disrupting Chemicals (EDCs), with Emphasis on Wildlife and
on Ecotoxicology Test Methods”, which concluded that “impaired reproduction and
development causally linked to endocrine disrupting chemicals are well-documented
in a number of wildlife species and have caused local and population changes”.
Public policy-makers were urgently requested to address this issue. It was proposed
that the European Commission adopt a strategy with short-, medium- and long-term
actions (see below), in order to respond quickly and effectively to the problem.

As a consequence, the European Commission adopted, the same year, a
Communication to the Council and European Parliament on a Community Strategy
for Endocrine Disrupters (European Commission, Environment Directorate-General,
1999). Recommendations were made for short-, medium- and long-term actions (see
below).

In 2000, the Environment Council adopted conclusions on the Commission’s
Communication, in which it stressed the need to develop quick and effective risk
management strategies and the need for consistency with the overall chemicals
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policy. The Council invited the Commission to report back on the progress of the
work at regular intervals: thus the first implementation report was published in 2001
(European Commission, Environment Directorate-General, 2001) and, the second
one in 2004 (European Commission, Environment Directorate-General, 2004).

In the same year, the European Parliament adopted a resolution on endocrine
disrupters, emphasizing the application of the precautionary principle and calling on
the Commission to identify substances for immediate action.

Since 2000, the recommendations outlined in the Communications, by the
Environment Council, and the European Parliament, are being implemented through
the short-, medium-, and long term strategy of the European Commission, managed
by the Environment Directorate-General, with research efforts being supported by
the Directorate-General for Research.

The views expressed in this publication may not necessarily reflect the official
position of the European Commission. The author is solely responsible for its
contents

1.2.  Community strategy for endocrine disrupters

1.2.1.  Short-term strategy

One of the first key short-term actions identified in the European Commission’s
Communication (European Commission, 1999) was the establishment of a priority
list of substances for further evaluation of their role in endocrine disruption. The
priority list has been established in two steps, first an independent review of
evidence of endocrine-disrupting effects and human/wildlife exposure, and second a
priority-setting exercise in consultation with stakeholders and the Commission’s
Scientific Committees. The establishment of this list is managed by the Environment
Directorate General of the European Commission.

Short-term action also encompassed the need for communication to the public and
international co-operation. Further information can be retrieved from “Information
Exchange and International Co-ordination on Endocrine Disrupters” (Institute for
Environment and Health, 2003). As to the communication to the public, the
increased activities in the field of research, sponsored by the European
Commission’s Research DG, have considerably increased the visibility of the
phenomenon of endocrine disruption, as project results have been made available to
the public through leaflets, press releases, websites, and workshops. The European
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Commission has also created two websites: one policy related (European
Commission, Environment Directorate-General, 2003) and one focused on research
activities.

As far as international co-operation is concerned, the European Commission and the
WHO have co-operated in the past, through the International Programme for
Chemical Safety, on the maintenance of a global research inventory, which is
housed at the Commission’s Joint Research Centre, and on the compilation of a
“Global state-of-the-science of endocrine disrupters” report, published in 2002 (The
International Programme on Chemical Safety, 2002). In December 2003, the
Ministry of Environment of Japan and the WHO/UNEP/ILO International
Programme on Chemical Safety hosted in Tokyo a joint workshop on “Endocrine
Disrupters: Research Needs and Future Directions” (United Nations Environment
Programme et al., 2004). It followed an International Symposium on Environmental
Endocrine Disrupters held in Sendai, Japan. A workshop to improve international
collaboration was also held in Brussels in 2005 (European Commission, Research
Directorate-General, 2005).

Both the European Commission and the WHO are supporting the efforts of the
OECD (Organisation for Economic Co-operation and Development, 2005) and
ECVAM (European Commission, Joint Research Centre Directorate-General, 2005)
to develop agreed test methods for endocrine disrupters (EDs). A workshop to
transfer research results to these organisations was held in 2005.

1.2.2.  Medium-term strategy

Medium-term action includes:

1) Identification and assessment of EDCs. The availability of agreed test
strategies/methods to identify and assess endocrine-disrupting chemicals is
a basic requirement for comprehensive legislative action aimed at
protecting people and the environment from the potential dangers posed by
these chemicals,

(i1) Research and development. A need for further research has been
identified on test methods and testing strategy; effects on humans/wildlife;
ED mechanism of action, effects at key stages of life cycle; models to
estimate exposure; development of monitoring tools). As a result, the
Research DG of the European Commission has substantially increased
spending on research projects linked to endocrine disruption.
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1.2.3.  Long-term strategy

The Community Strategy for Endocrine Disrupters includes as a long-term action
the review and adaptation of relevant legislation. A recent assessment showed that a
considerable number of endocrine disrupters were already subject to bans or
restrictions or were being addressed under existing Community legislation.

Major steps forward have been made in integration of the endpoint ‘endocrine
disruption’ in existing or upcoming legislation over the last few years. In the
proposal for a new chemicals policy (REACH) (European Commission, Enterprise
and Industry Directorate-General, 2003), for instance, endocrine disrupters are
covered by the authorisation procedure for substances of very high concern.
Substances of very high concern are defined as: substances that are category 1 and 2
carcinogens or mutagens; substances that are toxic to the reproductive system of
category 1 and 2; substances that are persistent, bioaccumulative and toxic or very
persistent and very bioaccumulative; and substances such as endocrine disrupters,
which are demonstrated to be of equivalent concern. However, many of the
endocrine disrupter candidate substances, such as pesticides, by-products, and drug
ingredients, are not within the scope of REACH, but are covered by other legislative
approaches (e.g. for drug ingredients via the European Agency for the Evaluation of
Medicinal Products (EMEA)-registration based approach).

The current chemicals policy addresses the issue of endocrine disruption under risk
assessment strategy for dangerous substances and preparations and includes various
exposure scenarios, including those to endocrine disrupters. The water framework
directive, the dangerous preparation and the limitations directive, the directive on
general product safety and the directive prohibiting the use of substances having a
hormonal action for growth promotion in farm animals, also address endocrine
disrupters.

Although there is lack of agreed testing methods, endocrine disruption is already
being considered in the discussions on data requirements and principles for risk
assessment of plant protection products and in the evaluation scheme for biocidal
products in the framework of the OECD test guidelines programme on endocrine
disrupters (Organisation for Economic Co-operation and Development, 2005).
Further efforts are currently being carried out on test method validation. This task is
complicated as non necessary animal testing should be avoided and testing has to be
based on firm science. The European Centre for Alternative Methods (ECVAM), as
part of JRC (European Commission, Joint Research Centre Directorate-General,
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2005), is strongly involved in establishing this scientific basis and making available
validated tests and test strategies.

The main aim of the Environment and Health Strategy (European Commission,
Environment Directorate-General, 2003), launched by the European Commission in
June 2003, is to achieve a better understanding of the complex relationship between
environment and health and to identify and reduce diseases caused by environmental
factors. This so-called SCALE initiative focuses on five elements: Science, children,
awareness, legislation, and evaluation. The strategy will be implemented in cycles.
One focus of the first cycle, 2004 - 2010, will be on endocrine disrupting effects of
chemicals. Extensive consultations with experts and stakeholders from the
environment, health and research fields in all parts of the enlarged Europe have
taken place and an Action Plan has been published, in which a number of priority
research actions are described. It is published on the DG Environment website
dedicated to this strategy (European Commission, Environment Directorate-General,
2003).

2. European Commission-sponsored research on endocrine disrupters

2.1.  Research activities in the fourth research framework programme
(1994-1998)

Even prior to increased policy action focused on endocrine disruption, the European
Commission had launched actions in the Fourth Research Framework Programme to
tackle the problem of endocrine disrupters, since the topic of endocrine disruption
had emerged as a research priority in response to rising public concerns. Around 12
million euros were spent on projects dealing with endocrine disruption. Since most
effects of endocrine-disrupting chemicals had at that time been observed in the
environment and, in particular, in the aquatic world, many of the projects focused on
fish populations, to understand the mechanisms involved, to develop test methods
and to identify potential endocrine disrupters (European Commission, Research
Directorate-General, 2003).

2.2, Research activities in the fifth framework programme of research (FP5:
1998-2002)

As a direct response to the Community Strategy on Endocrine Disrupters described
above, research activities in this field were greatly enhanced. These activities
coincided with the introduction of FP5. Projects dealing with endocrine disruption
were covered mainly in the following thematic programmes:
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1) The Quality of life and management of living resources thematic
programme, which spent over €40 million. The human health issues
associated with ED are mainly funded through Key action 4:
Environment and Health 15,

(i1) The Energy, environment and sustainable development programme
(EESD), which has financed 8 projects with a total budget of around
€16 million touching on ED via the key actions ‘Sustainable
management and quality of water’ and ‘Sustainable marine
ecosystems’ (European Commission, Research Directorate-General,
1999).

2.2.1.  Key-action 4: environment and health

Close to 30% of the Quality of Life Programme budget was devoted to projects
dealing with endocrine disruption. Other areas covered included indoor and outdoor
air pollution, electromagnetic fields, noise, UV light, allergy and asthma, among
other things.

There has been an increase in funding and number of projects since the first call,
published in 1999. The importance of the topic is highlighted by the publication of a
special call solely dedicated to endocrine disrupter research in 2001. The evaluation
of incoming proposals resulted in the creation of the CREDO cluster (cluster of
research into endocrine disruption in Europe) (The cluster for Research into
Endocrine Disruption in Europe, 2003). This cluster includes four research projects
with over 60 laboratories across Europe participating until 2006, or even beyond.
The 18 projects funded by the Quality of Life programme are presented on a
dedicated website (European Commission, Research Directorate-General, 2003).

A large majority of the 143 institutions involved in Commission-sponsored
endocrine disrupter projects come from universities or research institutes, although
there are some industrial participants. Countries that are most active in endocrine
disrupter research sponsored by the Quality of Life Programme are Germany,
Sweden, the Netherlands, the United Kingdom, Italy, and Finland. The average
budget per project is €2.2M with close to 8 laboratories involved. Around 10% of
participants are from outside the EU, be it from associated countries to the
framework programme or overseas participants.
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Table 40. Selected issues dealt with in Key action 4-sponsored projects dealing with
endocrine disrupters

Total number of Key Action 4 research projects dealing with endocrine 18
disruption

Of these, number of projects

= Dealing with human health effects 14 (78%)
= Dealing with non-human effects 14 (78%)
= Dealing with reproductive effects 13 (72%)
= Dealing with neuroendocrine effects 10 (56%)
=  Dealing with multi-organ effects 10 (56%)
=  Looking at exposures at low doses 14 (78%)
= Looking at exposures to chemical mixtures 7 (39%)

=  Looking at long term effects of exposures (low doses; sensitive 13 (72%)

life stages) 10 (56%)
= Using birth cohorts or other epidemiological approaches 7 (39%)
=  Developing new animal models 14 (78%)

= Developing new or improved in vitro assays or biosensors

Table 40 describes the scope of issues dealt with in FP5 on projects dealing with
endocrine disrupters. The multidisciplinary nature of the projects is evident from the
table. Most projects deal both with human health effects and/or study human
relevant animal models. New animal models being developed are usually transgenic
animals. In addition, many of the projects are developing new or improved validated
test methods for endocrine-disrupting compounds, ranging from cell assays to
biosensors.

‘Hot’ topics being investigated increasingly in the 5th FP projects, as compared to
those in the 4th FP, are health outcomes of exposures to low doses and chemical
mixtures over longer periods and at sensitive life stages. Over half of the projects
have access to sometimes very large cohorts of human populations representing
various exposure scenarios (high or low) and these have in some cases been
followed over many years. An overview of topics dealt with is given in the table 41,
for some of the projects.

In general, a multitude of issues related to endocrine disruption and risk assessment
are covered by the FP5 projects. Human health effects are being investigated
through epidemiological studies or in human-relevant animal models including
transgenic animals, and some projects are undertaking cross-species comparisons to



EUROPEAN UNION-FUNDED RESEARCH POLICY 387

find out whether observations in one species can be relevant in another. An ever
increasing list of tissues or organ systems influenced by endocrine disruption under
scrutiny ranging from the popular reproductive tissues to the less studied effects, e.g.
those on the immune system. A large array of novel biomarkers is under
development, usable in epidemiological investigations of population cohorts.
Increasingly sophisticated technologies employing approaches using ‘omics’
(transcriptomics, proteomics. etc.), biosensors and cellular bioassays are being used
to investigate the exact cellular structures and targets being affected, and the role of
individual genetic susceptibility has not been neglected.

Table 41. Endocrine disrupter research projects: Compounds studied in selected ongoing
or finished FP5 projects

Project® Chemicals/chemical contaminants studied

Anemone PCB congeners, hydroxylated PCBs, polybrominated diphenyl ethers,
hexabromocyclododecane, methylmercury

Bonetox 2,3,7,8-tetrachlorodibenzo-p-dioxin, dioxin-like PCBs (PCB126), non-
dioxin-like PCB congeners, polybrominated diphenylethers

Compare PCB mixture Aroclor 1254, PCB metabolites: 4-OH-CB107, 4-OH-CB187,
polybrominated phenols 2,4,6-tribromophenol, tetrabromobisphenol A,
polybrominated diphenyl ethers BDE47, 6-OH-BDE47

Easyring 17-beta-ethinylestradiol, tamoxifen, methyldihydrotestosterone, flutamide,
oestrone (E1), oestriol (E3), nonylphenols (NPs), teroctylphenol (OP),
bisphenol A (BPA).

Eden Phthalates (dibutyl [DBP]-, diethyl hexyl — [DEHP], benzylbutyl — [BBP],

monoester -); flutamide, dihydrotestosterone (DHT), finasteride;
organochlorine pesticides: 0,p-DDT, p,p’-DDT, o,p-DDD, p,p’-DDE,
metoxychlor, mirex, lindane, aldrin, endrin, dieldrin, endosulfan I,
endosulfan II, endosulfan ether, endosulfan lactone, endosulfan diol,
endosulfan sulphate, hexaclorobenzene (HCB), gamma-
hexachlorocyclohexane (gamma-HCH), inclozolin, depone, procymidon,
fenthrothion, cemetidine, linuron, prochloraz; steroidal oestrogens (E2, EE2,
DES, oestrone); phytoestrogens; bisphenol A and its halogenated derivatives;
alkylphenols 2°,5’-dichloro-4-hydroxybiphenyl 2°,4’,6’-trichloro-4-
hydroxybiphenyl; parabenes (n-propyl, n-butyl, methyl-); benzophenone;
polychlorinated dioxins and furans (PCDD/F); polychlorinated biphenyls
(PCB) and their hydroxylated metabolites ; polybrominated biphenyls(PBB),
polybrominated diphenyl ethers (PBDE); cadmium, lead
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Table 41. (Continued)

Project®

Chemicals/chemical contaminants studied

Dioxin risk
assessment

Edera
Endisrupt

Endomet

Estrogens
and disease

Expored

Fire

Gendisrupt

Inuendo

Mendos

Comprendo

Pbde-ntox

2,3,7,8-tetrachlorodibenzo-p-dioxin

17 beta-oestradiol, bisphenol A, genistein, cadmium, DDT
Antiandrogens (flutamide, finasteride)

Dibutyl, dioctyl, diisononyl, diisodecyl, butylbenzyl phthalates, bis(2-
ethylhexyl) phthalate, bis(2-ethylhexyl)adipate, resorcinol, 2,4-
dichlorophenol, 4-chloro-3-methylphenol, bisphenol-A, bisphenol-A
dimethacrylate, 2-phenylphenol, 4-tert-octyl-, 4-n-octyl-, 4-n-nonyl-
phenols

Oestradiol dipropionate, oestradiol and diethylstilboestrol (DES),
bisphenol-A, phytoestrogens: isoflavone, genistein

Halogenated hydrocarbons, polybrominated biphenyls, selected
pesticides (Aldrin, cis-, trans-, oxy-chlordane, DDT and metabolites,
HCH, alpha-, beta-endosulfan, heptachlor-endo, exo-epoxide,
methoxychlor, heptachlor, heptachloroepoxide, mirex), phthalate
monoesters (MEHP, MEP, MBP, MNIP, MMP, MBzP), bisphenol A,
PCDD/Fs, PCBs, and PBDEs

Organohalogen compounds (OHCs): 19 polybrominated diphenyl ether
(PBDE) congeners, tetrabromobisphenol A (TBBPA), 2,4,6-
tribromophenol, 3 hexabromocyclododecanes (HBCDs)

17-B oestradiol, mono(2-ethylhexyl) phthalate or MEHP, zeralenone;
bisphenol A, y-hexachlorocyclohexane (y-HCH or lindane)

2,2°,4,4°5,5” hexachlorobiphenyl (CB-153) and p,p'
dichlorodiphenyldichloroethylene (p,p’-DDE)

Atrazin, alachlor, styrene, resorcinol, bisphenol A, linuron, vinclozolin,
maneb, metam, zineb, thiram, acetochlor, DBP, BBP, DEHP, butyl
benzyl phthalate, fentin acetate, benzo[a]pyrene, nonylphenol (mixed
isomers), 3,4-dichloranilin, 178-estradiol

Organotin compounds (mono-, di-, tributyltin, triphenyltin), linuron,
diuron, p,p’-DDE, fenarimol, vinclozolin; Positive controls:
methyltestosterone, mibolerone, letrozole, CPA, flutamide, emate,
clomiphene, finasteride, prochloraz

PBDE 99, Aroclor 1254, PBDE 153, PCB 52
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Table 41. (Continued)

Project”

Chemicals/chemical contaminants studied

Pcbrisk

Eurisked

PCBs: 28, 52, 101, 138, 153, 170, 180; non dioxin-like PCBs: 18, 22, 33,
44,47, 49, 66, 70, 74, 87, 92, 95, 96, 99, 107, 110, 117, 128, 132, 133,
136, 137, 146, 149, 151, 171, 172, 176, 177, 178, 183, 187, 194, 195,
196, 200, 202, 206, 209

dioxin-like PCBs: 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169,
189; PCDD/Fs: 2378-substituted congeners (17); organochlorine
pesticides: HCB, alpha-, beta-, gamma-HCHs, pp’DDT, pp’-DDE; trace
elements in plasma, blood and urine; PCB congeners, hydroxylated
PCBs, DDT metabolites, 17beta-oestradiol; CB-153; OH-PCBs (4-OH-
CB107, 4-OH-CB146, 4-OH-CB187); MeSO,-PCB (4’-MeSO,-CB101,
4’-MeS0,-CB87, 4-MeS0,-CB149), 3-MeSO,-DDE

Octyl-methoxycinnamate (OMC), nonylphenol, 4-methylbenzilidene
camphor (4-MBC), bisphenol A (BPA), dibutylphtalate (DBP),
benzophenone-2 (BP2), procymidon, linuron, oestradiol-benzoate,
androstandiol , 8-prenylnaringenin (§PN), resveratrol, genistein

*More information on projects can be found at
http://europa.eu.int/comm/research/endocrine/index_en.html.

A list of compounds under investigation in the projects is given in table 42. As can

be seen from the table, the variety of compounds having been investigated or being

investigated in Quality of Life-sponsored research projects is vast and covers all

groups of industrial chemicals in addition to natural and synthetic hormones. The

results being generated on these compounds should have regulatory relevance as our

knowledge of these compounds will increase on several fronts, including exposure

and effect assessments and mechanisms of disease.

Table 42. Endocrine disrupter research projects: Assays being developed, animals (incl.
humans) studied, and endpoints explored in selected ongoing or finished projects

Project’ Animals/humans (bio)assays Endpoints
studied developed/
used for EDCs
Anemone Humans (Faroese Serum Growth Development;
birth cohort of oestrogenicity Neurobehavioural
mother-child pairs); parameters;
Rat; Fulmar Lymphocyte marcher

binding; Thrombocyte
MAO-B activity
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Table 42. (Continued)
Project® Animals/humans (bio)assays developed/ Endpoints
studied used for EDCs
Bonetox Humans (cohort of Analytical method of Development
environmentally and measurement of (bone, tooth,
occupationally dioxin- chlorinated biphenyls in kidney, lungs,
exposed population) human samples developed  salivary glands)
Knock-out mice:
RALDH, Aryl
hydrocarbon receptor
(ahr), Epidermal growth
factor receptor (EGFR),
ERKO, BERKO,
Cellular retinol-binding
protein (CRBP1)-KO,
Retinol binding protein
(RBP), CRBP1/RBP,
Long Evans and
Han/Wistar rat
Anemone Humans (Faroese birth Serum oestrogenicity Growth
cohort of mother-child Development
pairs), Rat Fulmar Neurobehavioural
parameters
Lymphocyte
machr binding
Thrombocyte
MAO-B activity
Edera ERE-luciferase mouse In the ERE-Luc mouse the  Analysis of the

luciferase is expressed
ubiquitously in various
tissues in the presence of
estrogen receptors
activated by endocrine
disrupters. The luciferase
expression is being
studied by: (i)
immunocytochemistry in
tissue slices, (ii)
enzymatic assay in tissue
extracts; (iii) in vivo
imaging using a CCD
camera

tissue specificity of
action of endocrine
disrupters
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Table 42. (Continued)
Project® Animals/humans (bio)assays developed/ used Endpoints
studied for EDCs

Eden Humans (breast Stickleback assay for Development
cancer patients, oestrogenic and androgenic Reproduction
cryptorchid boys), compounds; transgenic Neuroendocrine
Rat, Transgenic reporter fish (GFP, effects
zebrafish, oestrogenic exposure)
Stickleback,
Bream MCEF-7 E-screen, MCF-7 A-

screen, MCF7 DNA array,
YES assay

Easyring Mammalian cells Three in vitro consolidated Mammalian,
Mouse oocytes and tests (amphibian/fish amphibian and fish
embryos, Fish: carp hepatocyte cultures, development
(Cyprinus carpio as recombinant yeast assay and  Fish reproduction
sentinel species), breast cancer cells MVLN])  (sex ratio,
barbel (Barbus for evaluation of ED morphology of
plebejus), chub potentiality of water and gonads and
(Leuciscus cephalus),  sediments Analytical  steroidogenesis)

zebrafish (Danio
rerio), other fish in
the environment:
Aspius aspius,
Chondrostoma genei,
Chondrostoma soetta,
Alburnus alburnus
alborella, Gobio
gobio, Rutilus
erythrophthalmus),
Silurus glanis,
Stizostedion
lucioperca.
Amphibians: Rana
esculenta and
Xenopus laevis
Mammals: NMRI
and FVB mice

methods in GC-MS, GC-
MS-MS, LC-MS and LC-
MS-MS for the detection and
quantification of chemicals
and their conjugates in
waters and biota

To be developed and/or
validated: ELISA and dip-
stick for the non-invasive
detection of known and new
biomarkers in the skin of
aquatic species.
Improvement: sensitive and
reliable assays to measure
the effects of endocrine
disrupters on female
gametes, cell cycle control,
proliferation and
cytodifferentiation in
mammals

Liver function
(histology and
enzymatic activity)
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Table 42. (Continued)

Project” Animals/humans (bio)assays developed/ Endpoints
studied used for EDCs
Envir.reprod. Human Reporter cell assays (AR, Reproduction
health Rat ER) Protocol for separate incl. congenial
Mouse quantification of malformations,
endogenous and endogenous
exogenous oestrogenicity reproductive
in human tissues hormones, sperm
quality
Estrogens and C57Bl/6] mouse ERE-luc mouse Effects of
disease CBA mouse ERE-luc mouse cell line developmental
erp-KO —mouse (INS7) U20S exposure on
C57 black BERKO osteosarcoma cell lines, postnatal brain,
mouse AROM+ stably transfected with HPA axis,
and ero/er HEC1A and B mammary gland,
BERKO/AROM+ endometrial cell lines, prostate, testis,
mouse stably transfected with ovaries
ero/erf
Endisrupt Rat Reproduction
Expored Humans (breast milk,  Phthalate monoester Cryptorchidism,
placenta) measurements in breast hypospadias,
milk and placenta endogenous
hormone levels
Fire Humans To be developed: CALUX  Development
WU Rat assays for progesterone Reproduction
Tern and androgen receptor- Immune system

Harbour seal

Polar bear

Flounder

Transgenic zebrafish

mediated induction (AR-
CALUX, PR-CALUX)
Used: TTR binding, DR-
CALUX, ER-CALUX,
E2-SULT, T-screen,
H295R, carphep, ligand
trap assays, transient
assays

Neurobehaviour
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Table 42. (Continued)

393

Project’ Animals/humans  (bio)assays developed/ used for Endpoints
studied EDCs
Gendisrupt  Humans Gene expression Mammalian testis
Mouse (Mus Single Nucleotide development
musculus) Polymorphisms (snps) of target Reproduction
Primordial germ  genes and linkage analysis of
cells in culture qtls (Quantitative Trait Loci)
Primary cultures ~ Gene expression deregulation
of Sertoli cells and growth in Primordial Germ
Cells (pgcs)
Expression of ER-f3 and ERR
receptors in gonadal somatic
cells; Histo-pathological
analysis in testis development of
animals exposed to endocrine
disrupting compounds.
Development and validation of
specific DNA microarrays
Mendos N.A N.A N.A
Pbde-ntox Strains of rats Bioassays in vitro and ex vivo: Neurobehaviour
and mice several assays, including and other
measurement in primary cultures  neuroendocrine
of neurons as well as neural and  endpoints
glial cell lines to study signal Development
transduction processes, Reproductive
apoptosis and necrotic cell parameters
death; cholinergic receptors in (puberty onset)

different brain areas; steroid
receptor expression in different
brain areas and reproductive
organs; electrophysiological
examination of long-term
potentiation in different brain
areas; determination of
circulating steroids.

In vivo: various neurobehavioral
tests, some of which steroid-
dependent
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Table 42. (Continued)

Project’

Animals/humans
studied

(bio)assays

developed/ used for

EDCs

Endpoints

PCB risk

Comprendo

Humans (PCB-
exposed cohort in
Eastern Slovakia),
Lymphocytes

Humans, Human cell
lines, Rattus
norvegicus (strain
Wistar). (Mammalia),
Gallus gallus
domesticus (Aves),
Xenopus laevis
(Amphibia),
Pimephales promelas,
Rutilus rutilus
(Pisces), Antedon
mediterranea,
Paracentrotus lividus
(Echinodermata),
Acartia tonsa,
Hyallela azteca
(Crustacea), Marisa
cornuarietis,
Potamopyrgus
antipodarum,
Nassarius reticulatus
(Mollusca)

Real time
quantification of
CYPIAL,
CYPI1Blexpression
and polymorphism

CYPI1B1 Improvement

of an HRGC-HRMS
method for
determination of
PCDD/Fs, DL-PCBs
and NDL-PCBs
Improvement of an
SPE method for the
isolation of persistent
organochlorines from
blood serum samples

MCF-7, SK-BR-3,

Incap-FGC, PC-3, Jeg-

3, HEP-G2, VTG

Human exposure
(Neurobehavioural
parameters, biomarkers)

Mortality, growth, weight,
sex ratio, gonad status, sex
gland size, size copulatory
organs, other secondary
sex characteristics,
malformation of genital
organs, histopathology,
virilisation, fecundity
(clutch size, number of
produced eggs), spermato-
and oogenesis, sperm
quality, sperm motility,
fertilisation success,
percentage of sexually
active animals, hatching
success, larval
development,
regeneration, apoptosis,
cell cycle kinetics, steroid
concentrations, phase I +
II metabolism, VTG
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Table 42. (Continued)

Project” Animals/humans (bio)assays developed/ Endpoints
studied used for EDCs
Endomet Human and rat cell Human and rat cell lines Reproduction
lines (especially stably over-expressing Steroid synthesis
neuronal, gut, breast, oestrogen receptors (ERE- Neurological
thyroid, skin). Human luc), androgen and function
and porcine primary arylhydrocarbon receptors,  Steroid/thyroid
cell cultures, human NIS transporter in thyroid function
platelets. Wistar rats cells Sulphotransferase
(SULT 1A1, 1A2, 2A1,
1E1) assays, cysteine
dioxygenase and sulphite
oxidase expression
(sulphate production), cell
signalling assays, basal and
hormonally induced
production of oestrogen and
progesterone, reproductive
toxicology of mixtures of
plasticizers
Inuendo Humans - pregnant Chemical determination by =~ Time to
couples from GC-MS pregnancy Semen
Greenland, Sweden, ER, AR and AHR —assays  quality
Poland and Ukraine.
Eurisked Human (HOSE cells, Reporter cell assay (AR, Function of
numerous immortal ER) and mice various organs

cancer cell lines)
Rats

Mice (Knock-out ers,
TR, ahr and reporter
gene mice)  Primary
cells from various

organs

Transactivation assay, TPO
activity assay, Microarray
chip (steroid relevant
genes), Perfusion of
hypothalamic fragments
RIA, Bone mineral density
(BMD) determination (by
CT), Urinary incontinence
model

within and
outside the
reproductive tract
(20 organs)
Development

*More information on the projects can be found at
http://europa.eu.int/comm/research/endocrine/index_en.html.

As seen from table 42, a number of animal species are being investigated ranging

from non vertebrates to humans being investigated by epidemiological studies.

Several projects are taking advantage of transgenic animals deficient for various
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hormonal receptors, to further our knowledge on mechanisms of disease
development. Receptor and other assays are used; some have already been
developed previously but others constitute improvements of existing assays or even
novel assays.

Most endpoints under investigation are focused on reproductive, developmental or
neuroendocrine parameters, but some projects have widened their scope to a larger
array of endpoints.

2.2.2.  Projects funded by the Energy, Environment and Sustainable Development
(EESD) thematic programme

The Energy, environment and sustainable development programme has financed 8
projects with a total budget of around 16 million euros touching on endocrine
disrupters via the key actions ‘Sustainable management and quality of water’ and
‘Sustainable marine ecosystems’. The focus of these projects is/was on
environmental aspects of endocrine disruption. Two projects belonging to the
CREDO cluster (COMPRENDO and EURISKED), mentioned in earlier sections of
the catalogue, are funded by the EESD programme.

Progress or final reports of the eight projects can be found at
http://europa.eu.int/comm/research/endocrine/index _en.html.

23 Research activities in the sixth framework programme of research (FP6:
2002-2006)

Endocrine disruption has not been forgotten in FP6, the topic being specifically
addressed by Priority 5 (Food quality and Safety - www.cordis.lu/food) and, to
much lesser extent, by Priority 6 (Sustainable development, global change and
ecosystems - www.cordis.lu/fp6/sustdev.htm). Priority 1 (Life Sciences, genomics,
and biotechnology for health - www.cordis.lu/lifescihealth/home.html) has
sponsored some toxicology-related projects and projects focused on in vitro
replacement of animal testing.

2.3.1.  Outcome of first, second, and third calls for proposals

As in table 43, some projects (funded especially by Priority 1) are aiming to develop
methods to replace animal testing for chemicals, and the ReProTect project in
particular is relevant to both regulators and scientists working in the endocrine
disrupter field.
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Table 43. Projects sponsored under the 6 framework programme

Acronym
of project

Title

Aims

More informa-

tion*

Athon
2006-2010

Biocop

(2005-
2010)

Caesar

2006-2009

Assessing the toxicity
and hazard of non-
dioxin-like PCBs
present in food

New technologies to
screen multiple
chemical contaminants
in foods

Computer assisted
evaluation of
substances according to
regulations

The major objectives:

(i) establish experimental in vivo
and in vitro models for studies of
ndl-pcbs;

(ii) provide toxicokinetic data;
(iii) provide toxicity profiles;
(iv) provide a new classification
strategy forndl-PCB congeners
based on effect biomarker
information;

(v) provide an up-to-date
compilation and evaluation of
toxicological effect and exposure
data on ndl-PCBs and PCB
metabolites

Focused on chemical
contaminant (pesticides,
environmental contaminants
including heavy metals, natural
toxins, therapeutic drugs and
endocrine disrupters
[phytoestrogens]) monitoring in
cereals, meats, seafood and
processed foods using a range of
new technologies such as
transcriptomics, proteomics and
biosensors

Produce (q)sar models for the
prediction of the toxicity of
chemical substances. Designed to
be used for regulatory purposes,
especially for REACH.

N.A.

www.biocop.org

N.A.
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Table 43. (Continued)
Acronym Title Aims More informa-
of project tion®
Cascade Chemicals as Network of excellence, to www.cascadenet.org
(2004- contaminants in the structure European research
2009) food chain: known in the field of health risks
for research, risk of exposure to chemicals
assessment and via food. Focus on
education chemical residues that act
via and/or interfere with
cellular regulation at the
level of nuclear receptors
Crescendo  Consortium for Nuclear receptors: N.A.
(2005- research into nuclear  signalling dynamics, target
2010) receptors in gene responses during
development and development and ageing
aging
Devnertox  Toxic threats to the Development of www.imm.ki.se/devn
(2003- developing nervous experimental models to ertox
2006) system: in vivo and in  improve predictive toxicity
vitro studies on the testing and mechanism-
effects of mixtures of  based risk assessment for
neurotoxic neurotoxic food
substances contaminants. Effects of
potentially mixtures of persistent
contaminating food pollutants (PCBs,
methylmercury) on the
developing nervous system
Esbio Development of a Esbio aims at developinga  www.eu-
(2005- coherent approach to  coordinated approach for biomonitoring.org
2007) human biomonitoring human biomonitoring with

in Europe

focus on children in
Europe, in line with action
3 of the EU environment
and health action plan by
providing strong scientific
support for the pilot project
to be launched end 2006
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Table 43. (Continued)

399

Acronym Title Aims More informa-
of project tion®
F&f Pharmaceutical Develop validated methods ~ http://foodandfecundi
(2005- products in the for screening and testing of  ty.factlink.net/
2008) environment: pps (mainly fecundity

development and hormones) and their

employment of novel  metabolites, to determine

methods for assessing  their adverse effects, origin

their origin, fate and and fate as well as their

effects on human mechanisms of action;

fecundity assess risks and propose

risk management

Newgeneris ~ Newborns and Study whether and to what ~ N.A.
(2006-2010) genotoxic exposure extent parental exposure to

risks: development dietary genotoxicants and

and application of immunotoxicants induces

biomarkers of dietary = molecular events in the

exposure to fetus which may induce

genotoxic and cancer and immune

immunotoxic disorders in later childhood.

chemicals and of Some endocrine related

biomarkers of early mechanisms are covered.

effects, using mother-

child birth cohorts

and biobanks
Nhr devtox A prospective N.A. N.A.
(2004- analysis of the
2006) mechanisms of

nuclear hormone
receptors and their
potential as tools for
the assessment of
developmental
toxicity
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Table 43. (Continued)
Acronym Title Aims More informa-
of project tion®
Nomiracle  Novel methods for Develop new methods for www.bio.vu.nl/thb/re
(2004- integrated risk assessing the cumulative search/proposal/nomi
2009) assessment of risks from combined racle.pdf
cumulative stressors exposures (including
in Europe mixtures of chemicals);
integrate risk analysis of
environmental and human
health effects; identify
biomarkers of exposure and
effects
Norman Network of reference ~ N.A. www.ineris.fr/index.
(2005- laboratories and php?module=cms&ac
2007) related organisations tion=getcontent&id
for monitoring and heading_object=1046
bio-monitoring of
emerging
environmental
pollutants
Phime Public health impact ~ Assess health impacts of N.A.
2006-2011 of long-term, low- metals, sources, benefits
level mixed element and toxicity.
exposure in Neuroendocrine parameters
susceptible will be examined in relation
population strata to exposure to
methylmercury. POPs will
be analysed in cohorts.
Pioneer Puberty onset — Obtain updated data onthe ~ N.A.
(2005- influence of age of puberty onset in
2008) nutritional, Europe; identify genetic

environmental and
endogenous
regulators

and nutritional factors
involved in the regulation
of the onset of puberty;
develop novel experimental
test models, optimised for
the investigation of genetic
and nutritional factors
regulating onset of puberty
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Acronym of
project

A-cute-tox
(2004-2009)

Reprotect
(2004-2009)

Safefoods
(2004-2009)

Testmetedeco

(2006-2008)

Title

Optimization and
pre-validation of an
in vitro test strategy
for predicting human
acute toxicity

Development of a
novel approach in
hazard and risk
assessment for
reproductive toxicity
by a combination and
application of in
vitro, tissue and
sensor technologies

Promoting food
safety through a new
integrated risk
analysis approach for
foods

Development of test
methods for the
detection and
characterization of
endocrine disrupting
chemicals in
environmental
species

Aims

The aim is to develop a simple
and robust in vitro testing
strategy for prediction of
human acute systemic toxicity,
which could replace the animal
acute toxicity tests used today
for regulatory purposes.

Development of novel in vitro
and in silico alternatives for
reproductive toxicity testing.
Validation of a conceptual
framework in the area of
reproductive toxicity

Improvement of risk
assessment methods and risk
analysis practices for foods
produced by different
production practices (high or
low input systems) and with
different breeding technologies
(traditional, molecular, genetic
modification). One task:
quantitative risk assessment of
combined exposure to food
contaminants and natural toxins

Development and validation of
test methods intended to be
used in Europe and elsewhere
for the screening and testing of
the hazard assessment of
endocrine disrupting chemicals
in environmental species

More informa-
tion®

N.A.

N.A.

www.safefoods.
nl/default.aspx

N.A.

241l projects will have their own website in the near future
N.A.: Not available
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In Priority 5, endocrine disruption is covered in particular by the sub-area
“Environmental health risks”, which has as the main objective to identify the
environmental factors that are detrimental to health, understand the mechanisms
involved and determine how to prevent or minimise these effects and risks. In
addition, the subarea “Methods of analysis, detection and control” is contributing to
the development, improvement, validation and harmonisation of reliable and cost-
effective sampling and measurement strategies for chemical contaminants and
existing or emerging pathogenic micro-organisms in order to control the safety of
the food and feed supply and ensure accurate data for risk analysis. From these
areas, both large-scale projects (e.g. Cascade Network of Excellence, BioCop
Integrated Project) and more targeted research projects (e.g. Pioneer, F&F Specific
Targeted Research Projects) are being funded. Various aspects of risk analysis are
covered, and new areas include risk/benefit analyses (Beneris, Qualibra projects).

Finally, in Priority 6, endocrine disruption is covered indirectly by the Sub-arca
“Global change and ecosystems”, and, in particular, by so-called “complementary
research”. The focus of this area is on the development of advanced methodologies
for risk assessment of processes, technologies, measures and policies, appraisal of
environmental quality, including reliable indicators of population health and
environmental conditions and risk evaluation in relation to outdoor and indoor
exposure. Relevant pre-normative research on measurements and testing for these
purposes will also be necessary.

3. Research activities in the seventh framework programme of research
(FP7: 2006-2013)

In view of preparations for the next framework programme, the Commission
published in April 2005 its proposal for the FP7 (European Commission, Research
Directorate-General, 2005). It will have four programmes:

The 7™ Framework Programme will be organised in four specific programmes,
corresponding to four major objectives of European research policy:

1) Cooperation: Support will be given to the whole range of research
activities carried out in trans-national cooperation, from collaborative
projects and networks to the coordination of research programmes.
International cooperation between the EU and third countries is an integral
part of this action.
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2) Ideas: An autonomous European Research Council will be created to
support investigator-driven “frontier research” carried out by individual
teams competing at the European level, in all scientific and technological
fields, including engineering, socio-economic sciences and the humanities.

3) People: The activities supporting training and career development of
researchers, referred to as “Marie Curie” actions, will be reinforced with a
better focus on the key aspects of skills and career development and
strengthened links with national systems.

4) Capacities: Key aspects of European research and innovation capacities
will be supported: research infrastructures; research for the benefit of
SMEs; regional research driven clusters; unlocking the full research
potential in the EU’s “Convergence” regions; “Science in Society” issues;
“horizontal” activities of international co-operation.

The nine themes identified for the “Cooperation” part are:
1. Health
2. Food, agriculture and biotechnology

3. Information and communication technologies

4. Nanosciences, nanotechnologies, materials and new production
technologies

5. Energy

6. Environment (including climate change)

7. Transport (including aeronautics)

8. Socio-economic sciences and the humanities

9. Security and space research
Endocrine disrupter research could be funded under the first, second and sixth
theme. It is possible that the planned Environment and Health programme in Theme

6 will be the main funder. However, final priorities and budgets will be set in the
course of 2006.
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4. Conclusion

The ongoing and past research efforts on endocrine disrupters, sponsored by
European Commission, have proven that a commitment to elucidate an issue of
public concern, backed by adequate financial support, can advance our knowledge in
a considerable manner. The results obtained have already elicited interest by
regulators and industry as new legislative proposals (such as REACH) will take
advantage of some of the work carried out. In this context, in many projects in vitro
(such as receptor binding assays) and in vivo tools (such as transgenic animals) have
developed, which have improved our knowledge about detection and mechanisms
behind the phenomenon of endocrine disruption. We not only know more about
exposures in various populations to a number of industrial chemicals but also about
effects, including long term effects and those at environmentally relevant doses.
However, these findings are only the first step on a path, which should lead to a
more complete picture. New research, relevant to legislators and industry, among
others, will be supported in the future to build upon existing knowledge via open
calls to the scientific community. The European Commission’s DG Research, being
the largest funder of research in the world in this field, with its strategic view on the
issue and capacity spanning the European Union and beyond, should continue to be
a major force and impetus, able via its multidisciplinary, multipartner projects, to
mobilise the critical mass of researchers necessary to confront this complex issue.
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Summary

This paper summarises the main findings on congenital anomalies and
environmental pollution. The lines of evidence for environmental causes of
congenital anomalies are listed. These are based on clinical, epidemiological,
laboratory and wildlife studies. The data show that not only are a (limited) number
of pollutants (e.g. lead, methyl mercury) well known teratogens, but also that the
number of daily environmental exposures associated with congenital anomalies is
increasing. This latter applies, among others, to lead and nitrates in drinking water,
living near waste deposit sites and non- occupational exposure to pesticides.

The increasing incidence of hypospadias and cryptorchidism in a number of
industrialised countries is noticeable. The “testicular dysgenesis syndrome” (TDS)
theory links the epidemiological data with environmental causes and hypothesises
one unifying mechanism for which the experimental evidence is significant.

Core concepts related to the mechanisms of teratology are reviewed. They include
dose-response relationships, exposure windows, latency periods and multicausality
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in the underlying factors of congenital anomalies. The discussion shows that at
different points during recent years, teratology underwent important paradigmatic
shifts.

The concluding part of the paper deals with the question: which data are of primary
importance for the stakeholders in the discussion on pollution and congenital
anomalies: the prenatal health advisors, lawyers, policy makers and the media? Each
of these groups has specific agendas and corresponding needs for information.
Although main guidelines for handling this information exist, much more research is
needed, e.g. on case studies from the past, and on effectiveness and efficiency of
information transfer.

1. Introduction

“Congenital anomaly” (CA) is a “container concept”. It is used for all types of
structural or functional defects with which a baby can be born. Structural
abnormalities can be classified as malformations, malformation syndromes,
disruptions and deformations. Table 44 shows the definitions and lists classical
examples of these groups.

It equally shows that most of these categories have a multifactoral actiology.
Disruptions usually have environmental causes, while malformations and
deformations have a partially environmental background.

Functional anomalies concern, for instance, disturbances of the hormonal balance
during developmental stages, which might result in health effects many years after
birth. Also prenatally impaired functions of the nervous system might result in
congenital anomalies.

It is generally accepted that most of the congenital malformations have a genetic basis.
Estimations on the share of the environmental causes range between 37% and 2%.
Factors such as drugs, radiation, infections and alcohol are believed to be the
responsible aetiology in 6-8% of the cases (Seller, 2004). Part of this variation can be
explained by the definition of “environment” that is used. While some authors
consider environmental causes as meaning any non-genetic factor which increases the
risk of a congenital anomaly for the exposed individual (including nutritional excesses
and deficiencies, maternal illness, and infection), others will restrict the term
environmental to mean chemical and physical contaminants in air, water, soil and
food. Moreover, the precise cause of congenital malformation is not known for as
many as 50-60% of the total cases. Finally, most CA has a multicausal origin.
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Table 44. Categories of congenital anomalies (after Seller, 2004)

Category Definition Examples Causes
Malformation  Localized error of (-) isolated cleft lip Multifactoral
normal development and palate aetiology
during the (-) spina bifida
morphogenesis of an (-) ventricular septal
organ or a tissue defect
Malformation ~ Occurrence, in one (-) trisomy 21 Usually simple gene
syndrome individual, of several mutation or a
different malformations chromosome
arising from the same abnormality;
underlying cause occasionally an
environmental agent
Disruption Major destruction or (-) missing limb Usually
alteration of a body part environmental
that had previously (drugs, infections)

formed, or which had the
intrinsic potential to
form, quite normally

Deformation An alteration of shape or  (-) club foot Genetic, partly
structure imposed on a (-) oligohydramnios  genetic, or
body part after, or (-) positional environmental
during, its normal abnormalities of
formation. the foot

The rising attention to environmental exposure as a causal factor for congenital

anomalies was the main driver for the workshop on which this book is based. This

concluding section deals with four groups of questions:

()

2

(€)

4)

Why do we think that environmental exposure is related to congenital
anomalies? What is the problem?

How do we study the relationship between environmental exposure and
congenital anomalies? What is the evidence at this moment?

What makes congenital anomalies different from other issues in
environmental health? What are the specific characteristics when it comes to
dose-response relationships, exposure windows, latency periods and a variety
of causes underlying congenital anomalies?

What is the essential information for the major, non-expert stakeholders in
this debate?
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2. Problem identification

Registries of congenital anomalies report 2-4% of births with a congenital anomaly,
depending on the inclusion criteria and ascertainment methods. These figures relate
to neonates having a single major malformation that requires medical treatment, or
perhaps can even be lethal. Less than 1% of the neonates have multiple
malformations. As shown in table 45 cardiac defects account for over 25% of all
cases, limb anomalies for 17%, chromosomal anomalies and urinary system
anomalies each for around 15%, central nervous system anomalies including neural
tube defects 10% and oral clefts 6% (Dolk and Vrijheid, 2003)

Table 45. Relative occurrence of congenital anomalies — overall figures (after Dolk and
Vrijheid, 2003)

1. Cardiac defects 25%
2. Limb anomalies 17%
3. Chromosomal syndromes 12%
4. Urinary system 15%
5. Central nervous system and neural tube 10%
6. Oral clefts 6%

Table 46. Chemicals and exposure conditions associated with congenital anomalies
in humans

1. Chemicals
- Pharmaceuticals (e.g. DES, Thalidomide, Warfarin)
- Hair dyes
- Pesticides
- Non-pesticide endocrine disrupters (bisphenol A, phthalates, TCDD, vinyl
chloride)
- Heavy metals (Pb, Hg, Cd, As, Cr and Ni)
- Organic solvents (styrene)

2. Exposure conditions associated with congenital anomalies
- Drinking water (heavy metals, nitrates, chlorinated substances)
- Residence near (hazardous) waste deposit sites
- Pesticides in agricultural areas, home gardening
- Air pollution
- Food contamination (dioxins, PCBs)
- Industrial point sources (smelters, incinerators)
- Disasters (Hiroshima, Minamata)
- (Working conditions: e.g. dentists, hairdressers, workers exposed to pesticides)

These congenital anomalies are caused by both genetic and environmental factors.
In its widest sense, an environmental cause is any non-genetic factor which
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increases the risk of a congenital anomaly for the exposed individual. Such factors
include biological (e.g. infections such as rubella), physical (e.g. medical X-rays or
ionizing radiation), and chemical agents (e.g. such as some drugs taken during
pregnancy). Table 46 provides an overview of the main chemical groups that are
associated with congenital anomalies. These chemical contaminants are not only
found in air, food, soil and water (e.g. pesticides or heavy metals) but they are also
related to lifestyle (e.g. cosmetics, pharmaceuticals and packaging materials).
Moreover, for some products such as organic solvents, it is difficult to make the
distinction between the contributions to exposure of the household and the working
environment.

Next to these single factors, causes of congenital anomalies are found in more
complex environmental exposure conditions (table 46). Situations that are of
particular interest include the use of pesticides in agricultural areas and home
gardening, endocrine disrupting chemicals e.g. as food contaminants and
unspecified releases from landfill sites (Dolk and Vrijheid, 2003). In addition,
environmental crisis situations such as Chernobyl, Bhopal, Hiroshima and Minamata
have been associated with congenital anomalies.

Overall, international registries do not point to an increase of congenital anomalies
over time (Vrijheid, 2006). However, selected congenital anomalies such as
hypospadias, cryptorchidism and gastroschisis show an increasing prevalence (the
number of existing cases in a population over a time period), in particular in
industrialized countries. Figure 28 shows, as an illustration, the evaluation of the
prevalence of hypospadias in six industrialised countries during the period 1964 —
1990.
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Figure 28. Rate of hypospadias over time in six countries or regions (Toppari, 2006)
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The figure shows marked increasing trends in the US and Denmark. In Finland, the
prevalence rate is low and remains constant since the second half of the 1970s. In
other countries, the rates show a more variable appearance.

Finally, there are noteworthy similarities in the pattern of effects between the
various pollutants which cause environmental health-related diseases. Endocrine
disrupters such as bisphenol A, phthalates, PCBs and dioxins, pesticides, different
solvents, and teratogenic medical drugs are not only causing congenital anomalies,
but are equally involved in the aetiology of cancer, reproductive failure and
disturbance of the hormonal balance. There is a currently incompletely explained
link between contemporary epidemics including hormone related -cancers,
endometriosis, infertility and pre-term birth. Although part of this convergence
might be a coincidence, the finding that the same pollutants are causing different
health impairments provides a basis on which to hypothesize common or closely
related mechanisms.

In summary, the problem formulation on congenital anomalies and the environment
may be summarised in the following way:

(1)  Embryonic and fetal life are sensitive periods to environmental exposures.

(2)  An increasing number of chemicals and exposure conditions are associated
with congenital anomalies.

(3)  An increasing prevalence of selected congenital anomalies (hypospadias,
cryptorchidism, gastroschisis) has been reported in industrialized countries.

(4) A noticeable similarity exists between pollutants, as regards environmental
health outcomes.

This conference overviewed the current information on these issues and their
interrelationships.. They are revisited in this concluding chapter.

3. Methodological approaches
3.1.  Clinical evidence

The assessment of embryo-fetotoxic risk of therapeutic products is a long process.
For new drugs, the evidence is limited to animal and laboratory studies, although it
is accepted that predictive values from these tests are limited and insufficient to
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guarantee human safety. For drugs on the market, epidemiological studies are set up
to test for side effects. However, most of the human teratogens have been discovered
earlier in man than animals. Alert physicians hypothesized the teratogenicity of
many substances from case studies or single observations.

Thalidomide is a historical example. This substance, marketed in Western countries
since 1957, was considered a harmless therapeutic drug reputed to have efficacy as a
sedative and as an antiemetic for use in early pregnancy. Thalidomide was
considered safe, as experimental studies in pregnant mice and rats did not show any
side effects at large exposure. Unfortunately, thalidomide only regularly induces the
specific pattern of malformations observed in humans, in rabbits and non-human
primates. It has been estimated that in the late 1950s and early 1960s, over 6,000
children worldwide were affected with the “thalidomide embryopathy”, which is
characterized by variable degrees of reduction deformities of the limbs (phocomelia)
and many other skeletal and non-skeletal malformations (Clementi et al., 2006).

Diethylstilboestrol (DES) offers a more complex example of the role of the alert
clinician in recognising malformations. DES, the first synthetic hormone, when
antenatally administered to the mother, causes a variety of congenital abnormalities
of the female genital tract in the offspring. In addition, it also causes clear cell
carcinoma of the vagina and cervix, in daughters of women treated during their
pregnancy (“DES-daughters”) (Bernheim, 2001).

Nevertheless, during the period 1955-1975, the use of DES was the subject of an
intense medical debate, in particular among clinicians. This was partially related to
case studies. What to think about a woman who had five consecutive unexplained
spontaneous abortions, who had a healthy boy after DES “protection”, then three
more spontaneous abortions during unprotected pregnancies, and again a live birth
after a pregnancy with DES (Little, 1976). There are a number of anecdotal clinical
successes published, that encouraged clinicians to systematically treat threatened
pregnancies (Smith and Smith, 1949). This was the current practice in countries
such as the United States, France and the Netherlands (Heinonen, 1973; Spira et al.,
1983; Hanselaar et al, 1991). It was, however, also clinical observations that
resulted in giving up the practice. In 1971, Herbs et al. published their observations
on eight cases of a rare tumour clear cell carcinoma (CCA) of the vagina or cervix in
very young women. The mother of one of the patients had suggested that her
daughter’s tumour was related to her taking DES during her pregnancy. Seven out of
the eight mothers of the CCA cases turned out to have taken DES or another
xenoestrogen. This case control study was soon followed by other studies
confirming the problem (Greenwald et al, 1971) and the FDA promulgated an
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absolute contra - indication to DES in pregnancy, followed later on by a similar
attitude in other countries. Seller (2004) reviewed the malformations highlighted by
clinical studies. A summary of her findings is provided in Box 2.

Box 2. Malformation spectra highlighted by clinical studies (Seller, 2004)

Infectious agents

1. Rubella: before 10 weeks gestation, cataracts and heart defects; 10-16 weeks, hearing
loss and retinopathy.

2. Varicella: limb hypoplasia, scarring, microcephaly, chorioretinitis.
3. Cytomegalovirus: hydrocephalus, periventricular calcification, neurological problems.

4. Toxoplasmosis: hydrocephalus, microcephaly, cerebral calcification, neurological
problems.

Maternal illnesses

1. Insulin-dependent diabetes macrosomia, caudal regression syndrome, neural tube
defects, congenital heart disease especially VSD and transposition of the great
vessels. These defects do not occur in children of mothers who develop gestational
diabetes.

2. Phenylketonuria (if not controlled by diet): microcephaly, micrognathia, heart defects,
mental retardation.

3. Unspecified folate deficiency: neural tube defects and possibly cleft lip and palate.
4. Epilepsy: effects cannot be separated from the teratogenic effect of medication.
Physical agents

1. Radiation: high doses to the fetus in mid to late gestation can produce microcephaly.

2. Hyperthermia: neural tube defects especially anencephaly, microcephaly,
microphthalmia, cleft lip and palate; it is difficult to dissociate the effects of viral or
other agents producing pyrexia, from the effects of hyperthermia. The data from hot
baths and saunas are not convincing. Evidence for these abnormalities arising from
pure hyperthermia exists in animals.

Drugs

1. Thalidomide: phocomelia and other limb defects, cardiac defects, gut atresia, renal
agenesis.

2. Diethylstilboestrol: females - vaginal adenosis. Males - micropenis, hypospadias,
cryptorchidism.

3. Warfarin: hypoplastic nose and bone dysplasia like Conradi disease, choanal atresia,
microcephaly, hydrocephaly.
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4. Valproic acid: spina bifida, midface hypoplasia, long philtrum, small mouth, cardiac
defects.

5. Phenytoin: typical facies of brachycephaly, high forehead, marked eyebrows, long
philtrum, depressed nasal bridge, metopic ridging, bowed upper lip; cleft lip and
palate; hypoplastic nails and distal phalanges; short neck, hirsutism.

6. Aminopterin/methotrexate: microcephaly, broad nasal bridge, micrognathia, short
limbs, talipes, hypodactyly, syndactyly.

7. Retinoic acid (vitamin A congeners): hydrocephalus, microcephaly, cardiac defects
especially conotruncal malformations, aortic arch hypoplasia; microtia/anotia,
micrognathia, urogenital anomalies, thymic hypoplasia.

8. Alcohol: microcephaly, long face, smooth philtrum, thin vermilion border to upper
lip, abnormal palmar creases, short distal phalanges, heart defects, mental retardation.

It should be noticed that these malformations are also related to generalised low
birth weight and dysmorphism, and increased risk of fetal loss. The box shows that
although different “environmental exposures”, in the wider sense of the term, have
been shown to cause congenital malformations, clinical studies provide no evidence
for malformations resulting from exposure to polluted air, water, soil or food.

3.2.  Epidemiological evidence

As clinical studies provide limited evidence for impacts of pollutants on congenital
anomalies, we examine the hypothesis that population studies might provide more
evidence.

Most data on the prevalence of congenital anomalies are included in congenital
malformation registries, where they exist in different countries. As illustrated by the
chapters on these registries in Bulgaria (Terlemesian and Stoyanov, 2006) and in
Greece (Brilakis et al., 2006) in the case study section of this book, hardly any
information on environmental influences on congenital anomalies can be obtained
from a general overview of these data. Dolk and Vrijheid (2003) reviewed the
reasons why epidemiological studies on congenital anomalies have difficulties in
revealing environmental influences, even if they look specifically for chemical
exposures associated with environmental pollution.

They list the following main reasons:

- many studies only have the statistical power to detect large increases in risk,
and negative results must be assessed in this context,
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- many congenital anomalies exist and epidemiologic studies address the problem
of variation in diagnosis and reporting of minor anomalies with a varying
degree of success,

-  many data sets reflect mainly improved diagnosis, medical attitude and
treatment aspects. During the period 1995 - 1999, for example, EUROCAT data
from 32 European regions showed that 53% of spina bifida and 32% of Down’s
syndrome cases, that were prenatally diagnosed, also resulted in termination of
pregnancy,

- many embryos and fetuses with congenital anomalies are lost as spontaneous
abortions and are out of the reach of the registries,

- many congenital anomalies caused by environmental pollutants have a
multifactoral background. This means that genetic and other environmental
factors interact with exposure and that it might prove difficult to distil out the
causative pollutant,

- exposure assessment of environmental pollution is often poor and,
consequently, correct dose-effect relationships are difficult to establish,

- environmental epidemiological studies are observational, not experimental and
as such, are open to confounding factors. These confounders might mask the
real environmental causes of the congenital anomaly under study.

In spite of these major difficulties, epidemiological studies have revealed mainly
four lines of evidence that link congenital anomalies with exposure to pollutants:

(1) Increases in prevalence of selected anomalies.

The prevalence of male reproductive anomalies, hypospadias and
cryptorchidism is increasing in many industrialised countries (Sharpe and
Skakkebaek, 1993; Toppari et al., 1996). Hypospadias increases were most
marked in the US, in Scandinavia and Japan. As shown in figure 28, Denmark
and Norway show rates where hypospadias approximately doubled during the
1970s and 1980s (Paulozzi, 1999). Although the general character of the
evidence for these increasing trends is disputed and the fundamental causes are
unknown, the possibility that these increases are related to increasing
exposures to endocrine disrupters in the environment is an active area of
current research (CSTEE, 1999; Nicolopoulou-Stamati et al., 2001).

A number of observations support such an environmental hypothesis:
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lower prevalence rates of hypospadias in remote areas in Finland than in
more polluted cities (Olavi Aho et al., 2003),

an increased risk of hypospadias among sons born on Norwegian farms
where pesticides and tractor spraying equipment had been used (Kristensen
et al., 1997).

In addition, the prevalence of cryptorchidism (testis maldescent) and testicular
cancer is increasing in different industrialised countries. The higher prevalence
rates in Denmark than in Finland might be related to higher exposure to
pesticides and phthalates in Southern Scandinavia.

As explained by Thonneau et al. (2006) in this book, the TDS theory
hypothesises that these different phenomena and anomalies are subject to a
common mechanism that is mediated by endocrine disrupters during
embryonic development. The TDS hypothesis puts this evidence into a
noticeable environmental pollution context. The TDS hypothesis refers to the
fact that disorders such as cryptorchidism, hypospadias, testicular cancer, and
low sperm counts might have a common origin in fetal life. This is explained
by hormonal dysfunction of the fetal testis; in particular, reduced production of
testosterone. Because testosterone is largely responsible for transforming the
fetus into a male, TDS can be viewed as a sexual differentiation (i.e.
masculinization) disorder, a congenital disease (Toppari, 2006). Endocrine
disrupters such as phthalates are able to reduce the fetal testosterone production
and might consequently cause the TDS disorder.

However, not all (recent) increases in the prevalence of congenital anomalies
point to environmental interference. The increasing rates in gastroschisis might
offer an example. Gastroschisis is a congenital defect of the abdominal wall,
characterised by herniation of abdominal viscera outside the abdominal cavity
through a defect in the abdominal wall near the umbellicus. Its prevalence at
birth has increased in half of the 36 registries for congenital anomalies in
Europe, the Americas, Asia, Australia and South Africa (Di Tanna et al.,
2002). Although the anomaly is rare (less than 5 cases per 10 000 births), the
fast increase is qualified as “epidemic”. The aetiology is currently, however,
largely unexplained, although first trimester medication, early maternal
exposure to X-rays and the use of societal drugs are risk factors (Huges and
Flood, 1999).
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(2) Exposure to environmental pollution.

The teratogenicity of a number of environmental pollutants including lead,
organic mercury, TCDD, and PCB’s has well been established (see also the
section on environmental disasters). Elsewhere in this book, Koppe et al.
(2006) discuss the teratogenic character of TCDD.

Different exposure conditions have been studied in relation to congenital
anomalies. Those for which most information is currently available are
summarised in table 47.

Table 47. Environmental exposure conditions associated with congenital anomalies
(after Dolk and Vrijheid, 2003)

Type of exposure  Reported issues Evaluation References

Drinking water

contamination

1. Nitrates Nitrates as cause of high Dose-response effect  Dorsch ez al., 1984
incidence of perinatal mortality
due to congenital malformations
Potential effect of high nitrate Arbuckle et al., 1988
levels on central nervous Craen et al.. 2001
system defects, anencephaly Ced 1 2002
and cardiac defects cdergren ef al.,

2. Lead Positive association between Neurotoxic effects of  Bound ez al., 1997
lead pollution from ceramic lead on fetus, neonates \facDonell ef al.. 2000
factories and cardiovascular and children are . i 1 2001
anomalies, oral clefts and beyond any doubt. Vincenti et al.,
musculoskeletal anomalies. Nevertheless, there is
Positive association between  also a study that failed
lead in drinking water and to demonstrate a link
neural tube defects. between lead in

drinking water and
neural tube defects.

3. Fluoridation Fluoridation might cause Conflicting results. Heedleman et al., 1974
Down’s syndrome. Erickson, 1980

4. Chlorination Chlorinated and aromatic Lagakos et al., 1986

solvents are associated with
eye/ear congenital anomalies
and nervous system/ oral cleft/
chromosomal anomalies
(mostly trisomy 21).
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Table 47. (Continued)

Type of exposure Reported issues Evaluation References
Waste disposal, Increase in birth defects among Goldman et al., 1985
landfill sites children of parents living near

Love Canal, NY.

People living within 1 mile of 590  Also studies Geschwind et al.,
hazardous waste sites in NY. 12% reporting no effect 1992

increase in congenital on congenital

malformations. anomalies

Residents living within 3 km of 21 Vrijheid et al., 2002

hazardous waste landfill sites in 21
European regions. 33% increase in
risk of all non-chromosomal birth
defects.

Populations living within 2 km of a Elliot et al., 2001
landfill site in England, Scotland,

and Wales. Small (<10%) increase

for all congenital anomalies, neural

tube defects, hypospadias,

abdominal wall defect, low birth

weight.

Populations living within 2 km of Palmer et al., 2005
24 landfill sites that opened from

1983-1997, show an increase in

congenital anomalies by 40%. No

increase in data collected from

1998 — 2000

Waste incineration Excess in perinatal and infant Dummer et al., 2003
mortality due to spina bifida and
heart defects near incinerators in
Cumbria, UK.

An increase of trisomy 21 was Causal link Van Larebeke, 2000
observed in offspring of parents uncertain

living near a polluting household

waste incinerator near Antwerp.

Pesticides at home Many studies pointing to Difficult to arrive Nurminen, 2001

and in gardens controversy. at conclusions.

Air pollution Polydactily has a higher prevalence Monteleone Neto
rate in the highly polluted Brazilian and Castilla, 1994
city of Cubatao.

Increased risk of congenital No conclusive Infante et al., 1976
malformations, in particular, evidence.

nervous system defects, near PVC
polymerisation plants.

Food Organic mercury and persistent No conclusive Clarkson, 2002
contamination organochlorines in fish. evidence.
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The table shows that currently the most conclusive evidence is available for the
risks associated with the consumption of high nitrate concentrations in drinking
water and for living near (hazardous) waste deposit sites. In particular for the
second type of exposure, studies have also been published which report no
association between congenital anomalies and living in the vicinity of waste
deposit sites (Sosniak ef al., 1994; Croen et al., 1997). Nevertheless, the
majority of the studies point to effects of which the dose-effect relationships
should be established better. An overview of the health impacts of waste
deposit sites, including the impacts on congenital malformations, can be found
in Hens et al. (2000). In the same book, Van Larebeke (2000) describes the
case of a waste incinerator in Wilrijk, near Antwerp (Belgium) in which crude
data pointed to an increase of trisomy 21 children born from parents living in
the nearby neighbourhood. However, after taking into account an extended set
of potential confounding factors, no statistically significant increase could be
shown. This data contrasts with that from a multi-site study in Cumbria, UK. In
this study, birth data from 1956 to 1993 showed excesses in prenatal and infant
mortality due to spina bifida and heart defects near incinerators, after
controlling for social class (Dummer et al., 2003).

(3) Congenital anomalies associated with exposure resulting from environmental

disasters.

Next to environmental pollution from normal operations in waste management,
agricultural, horticultural, or industrial activities, pollution might equally result
from situations that are classified as disasters. These are characterised by
accidental or deliberate releases of important amounts or doses of the
pollutant(s) involved. In a number of cases, the association with congenital
anomalies was studied. The best documented examples are summarised in table
48. The table points to the teratogenic capacities of ionising radiation as
extensively evidenced in survivors of the Hiroshima and Nagasaki atomic
bombs. The fact that no conclusive evidence on congenital anomalies emerged
from the Chernobyl accident, points rather to the special situation after the
disaster (induced abortions, clearance of the contaminated area,
communication, etc) than to the fact that ionising radiation might not be
teratogenic. However, not all environmental exposure to ionising radiation
automatically results in an increased observable prevalence of congenital
anomalies. In Bosnia - Herzegovina during the 1991 - 1995 war, depleted
uranium was used in military activities. A study of 3316 neonates born in 1995
and 2000 did not reveal a significant post-war increase in the prevalence of
congenital malformations (Sumanovic-Glamuzina et al., 2003).
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The disaster analyses also point to the teratogenic character of dioxin-like

products and PCBs. In particular, the Vietnamese data on Agent Orange

exposure are most indicative at the case study level, but are in need of a more

systematic population analysis of the exposed population never the 17" latitude

line in Vietnam.

Table 48. Congenital malformations in disasters involving environmental pollution
(after Dolk and Vrijheid, 2003; Kalter, 2003)

Incident Phenomenology Congenital anomalies ~ Remarks Reference

Hiroshimaand ~ Atomic bombs Microcephaly and Predominant Plummer, 1952

Nagasaki (1945), Ionising radiation mental retardation sensitivity: 7-15  Blot, 1975

Japan weeks of gestation Miller and
dose-effect Mulvihill, 1976
dependent

Chernobyl Nuclear power No conclusive Anon, 1987

(1986) accident information on

Then USSR, Ionising radiation increased

now Ukraine prevalence

Minamata Fish contamination ~ Sex ratio changes Peterka et al., 2006
(1953-1971) Methyl mercury Central nervous system Clarkson, 2002
Japan anomalies Harada, 1978
Yusho (oil Food contamination Deep brown Rogan, 1982
disease) (1968)  Polychlorinated pigmentation of skin Miller, 1985

Fukuoka, Japan biphenyls (PCB’s)

and nails (cola coloured
babies), [UGR, natal
teeth, spotty
calcification, other

Rogan et al., 1988

irregularities
of the skull
Seveso (1976), Industrial accident in No conclusive Mastroiacovo et al.,
Italy trichlorophenol information on 1988
production plant increased
Contamination by prevalence in the
2,3,7,8-tetrachloro- most contaminated
dibenzo-p-dioxin zone
(2,3,7,8 TCDD) Shift in sex ratio.
Agent Orange  Defoliant Association between Strength of Lilienfeld and
(1962-1970), 2,4- paterna} exposure 'fmd. association varies Gallo, 1989
Vietnam dichlorophenoxy- co_ngemtal anomahe.s in substantially Skene et al., 1989
acetic acid (2,4-D)  Vietnamese populations. . .
among studies Sterling and
2,4,5- Increased frequency of
trichlorophenoxy-  spina bifida and cleft lip Arundel, 1986

acetic acid (2,4,5-T)
contaminated by
2,3,7,8 TCDD

with or without cleft
palate in American
children whose fathers
were more heavily
exposed.

Constable and
Hatch, 1985
Erickson et al.,
1984, a,b.
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(4) Occupational exposure.

Although environmental exposure conditions differ fundamentally from
occupational exposure, both types of exposures often provide complementary
information. Vrijheid et al. (2003) reviewed the information on occupational
exposures and congenital anomalies, in relation to environmental exposures to
the same pollutants. They showed that occupational exposure studies provide
ample evidence for the teratogenicity of organic solvents, both in industrial
working conditions, but also at home. Occupational studies also provide
information for lead exposure related to effects such as total anomalies, cleft
lip and palate and neural tube defects. In contrast, as regards exposure of
industry workers and dentists to inorganic mercury, studies showing an effect
and others showing no effect both exist. In addition, the possible impacts of
arsenic, chromium and cadmium were studied, without indicating significant
associations with congenital anomalies. Studies of workers exposed to wood
preservatives such as chlorophenol, are in line with home exposure studies.
Both point to increased risks of congenital anomalies. Evidence for adverse
reproductive effects of dioxins has been extensively reviewed (Lilienfeld and
Gallo, 1989; Silbergeld and Mattison, 1987; Skene et al., 1989; Sterling and
Arundel, 1986). In this book, Koppe et al. (2006) contribute to this discussion.
Pesticides are a most heterogeneous group. Both positive and negative
relationships with occupational exposure have been reported. However, the
number of studies reporting teratogenic effects after both maternal and paternal
occupational exposure to pesticides is rising fast.

3.3.  Evidence from experimental developmental toxicology

Procedures for testing drugs in animals for potential reproductive toxicity existed
prior to the thalidomide event in the late 1950s and the early 1960s. However, in a
retrospective evaluation, they were found to be inadequate in detecting possible
embryonic or fetal damage (Wilson, 1979).

The thalidomide case and, in the US, the subsequent promulgation in 1963 of new
investigational drug regulations, making pre-marketing reproductive and
teratological drug testing in animals mandatory (Kelsey, 1982), pushed the
establishment of laboratory protocols.

The basic principles can be summarised as follows:
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- test animals have to resemble, as closely as possible, the developmental features
in humans: in placental anatomy and physiology, reproductive and
developmental characteristics, maternal and fetal pharmacology, drug
administration route and schedule, etc. The fact that no laboratory species
conforms these requirements, does not contradict this principle, that should be
matched as closely as possible,

- the procedure further necessitates the use of timed-pregnant female animals of
at least two common mammalian laboratory species, to be given several
different doses of the test agent, once or on several successive days during the
organogenetic and early fetal periods of gestation,

- to find out the amount that causes prenatal death and then, after administering
ever smaller doses, to determine the lowest dose causing malformations. This
point is called the threshold level, below which no apparent embryotoxicity -
growth retardation, malformation or death - occurs. More generally, this
approach aims at describing the dose-effect relationship of teratogenic agents.

Since the 1960s, procedures in developmental toxicology have been in continuing
evolution. Currently, the protocols developed by OECD are widely used (e.g. OECD
guideline 414 to asses birth defects, minor anomalies, fetal growth and variability;
OECD guidelines 415 and 416 on one- and two-generation studies; draft TG426 on
developmental neurotoxicity studies; TG421 and 422 on reproduction/toxicity
screening tests). In this book, Mantovani and Maranghi (2006) discuss the role of
developmental toxicology studies in answering questions on long-term exposure to
low doses and on non-malformation effects of prenatal exposures, such as disruption
of immune development and early predisposition to cancer.

The authors put special emphasis on the challenge that endocrine disrupters (ED)
offer to developmental toxicologists. They advocate a combination of two-
generational and in vitro / in vivo assays, in a tiered approach, to detect the different
aspects of functional congenital anomalies that might arise. The complexity of
current testing for CA is probably most clear for ED, but should be applied to the
testing for new and existing chemicals in general.

New developments in fertility treatment have opened new avenues of research on
“preimplantation teratology”. The same applies to the use of stem cells in
developmental teratology. New developments should equally address the need to
reduce the use of laboratory animals and consequently the cost and time-
effectiveness of protocols such as multigenerational studies. New efforts are
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currently going on in the EU to include validated in vitro tests in protocols for
evaluating both the embryotoxicity of chemicals and/or their possible influence on
the hormonal homeostasis.

3.4. Evidence from wildlife studies

An obvious limitation of laboratory systems is that they hardly provide information
on effects resulting from chronic exposure to real world concentrations or mixtures
of pollutants. Studies on wildlife aim at overcoming this limitation. They link
concentrations, behaviour and bioavailability of pollutants in an environment with
biological effects such as congenital anomalies.

A classical example of this approach are studies on bald eagles, herring gulls, night
herons, tree swallows, snapping turtles, munk and beluga over the past 30 years in
the Great Lakes - Saint Lawrence basin (Canada). These studies revealed a broad
spectrum of health effects, including thyroid and other endocrine disorders,
metabolic diseases, altered immune function, reproductive impairment, genotoxicity,
cancer and developmental toxicity. For an overview, see Fox, 2001. The
developmental disorders revealed by these studies are summarized in table 49.

The table shows that in a wide variety of bird species, but also in turtles and
salamanders, congenital anomalies were found that are most comparable to
malformations in humans, next to species-specific anomalies (such as those of the
turtle carapace). As with other health effects, the developmental anomalies were
most prevalent and most severe in the most contaminated sites. In particular,
association with persistent organic pollutants such as PCBs, PCDDs, PAHs and
DDT/DDE was established. In some of the studies, dose-response relationships were
documented.

The evidence of the last 10 years that links endocrine disruption with congenital
anomalies and related health effects includes: impaired reproduction, deformities of
the male reproductive tract, thyroid abnormalities and depressed immune system
function.

These wildlife data provide an important complement to the epidemiological and
laboratory data. They show a high sensitivity in documenting congenital anomalies
in relation to environmental exposure. In particular, the bird data provide additional
evidence for the teratogenic character of planar PCBs, TCDD and PAHs.
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Table 49. Developmental toxicology anomalies in studies in the Great Lakes - Saint
Lawrence basin regions (after Fox, 2001)

Species Pollutant and Congenital Remarks Reference
phenomenology anomalies
Common tern, PCB Femur length: Significant Hoffman et al.,
night heron concentration in body mass ratio correlation 1993
(Nycticorax eggs of the colony  (measure for
nycticorax) (mid 1980s) growth
retardation)
Nine species of Chicks in polluted ~ Abnormal bills; Highest Fox, 1993
fish-eating birds areas (last 30 supernumerary, prevalence of bill  Grasman ez al,
including terns, years) dwarf or abnormalities is in 1998
gulls, herons, otherwise cormorants in Gilbertson, 1988
cormorant, bald abnormal Green Bay
eagle appendages; (52/10000 chicks Bowerman et al.,
missing or small examined) and 1994
eyes; club foot bald eagles in
and hip dysplasia;  Michigan
other skeletal (23/10000)
anomalies
Embryos in the Missing jaws, Ludwig et al.,
same areas missing skull 1996
parts, vertebral
anomalies,
exencephaly,
anencephaly,
hydrocephaly and
spina bifida,
gastroschisis,
Siamese twins
Cormorant Hatched chicks Similar Ludwig et al.,
(Phalacrocorax and live and dead ~ malformations to 1996
auritus) eggs from 37 these in chickens
Caspian tern colonies (1986 - exposed to planar
(Sterna caspia) 1991) PCBs and dioxins
Snapping turtle Eggs with the Similar to those in Bishop et al.,
(Chelidra highest birds plus specific 1991
serpentura) concentrations of  ones including Wren, 1991
PCDDs, PCDFs malformations of
and PCBs had the the tail, carapace
highest and plastron
probability of non
hatching and
producing
deformed turtles
Mudpuppies Highest Limb defects Bishop and
(salamander) prevalence in the Gendron, 1998
(Necturus most
maculosus) contaminated

sites of the Saint
Lawrence river
(early 1990s)
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Table 49. (Continued)

Species Pollutant and Congenital Remarks Reference

phenomenology anomalies
Mudpuppies Highest Limb defects Bishop and
(salamander) prevalence in the Gendron, 1998
(Necturus most
maculosus) contaminated

sites of the Saint

Lawrence river

(early 1990s)
Western gull Channel islands Sex ratio skewed Coincident in Fox, 1992
(Larus of the coast of towards females space and time
occidentalis) Southern with high

California DDE/DDT

contamination

Herring gull Lakes Ontario and Conover, 1984
(Larus argentatus) ~ Michigan (1970s)
Caspian tern Lake Michigan Conover, 1984
(Sterna Caspia)
Herring gull Embryos and Feminisation of Fox, 1992
(Larus argentatus)  newly hatched the reproductive

chicks in Lake tracts

Ontario (1970s) Gonadal histology

pathologies

Moreover, these data do not only point to associations between exposure to a
particular type of pollutant and congenital anomalies, they also offer opportunities to
study the mechanisms at the heart of these associations. This is e.g. illustrated by the
study of dioxins and co-planar PCBs and the way they cause developmental
abnormalities and reproductive failure in Ontario Lake trout.

However, what does the study of these sentinel species mean for human health?
There can be no doubt that the mobility, duration of residence and diet of animals
residing and feeding in the polluted areas is analogous to that of humans in the same
areas. Both wildlife and humans are exposed through water, air, soil and food.
Moreover, they share many development mechanisms. Nevertheless, a large amount
of work is still required to link the results in the wildlife sentinels with human health
effects.

In particular, the biochemical and functional aspects of the biological phenomena
need to be better understood, before clear extrapolations can be made. On the other
hand, if pollution has marked impacts on congenital anomalies in birds, turtles and
salamanders, which show similarity with those found in humans, it might be too
optimistic to think that mammals, and humans in particular, are non-sensitive to
these exposure conditions.



ENVIRONMENTAL IMPACTS ON CONGENITAL ANOMALIES 429

In this context, the data from the wildlife sentinel species act at least as an important
warning sign.

4. Mechanisms causing congenital anomalies

Congenital anomalies are diverse and involve many anatomic and physiological
systems, each of them with their specificities in biochemistry and genetics.
Congenital anomalies associated with chromosome aberrations are based on
different mechanisms than the induction of phocomelia by thalidomide. It was not
the aim of this conference to overview the literature describing the different
molecular mechanisms of congenital anomalies. Nevertheless, a number of general
concepts, with particular specificity, exist on the genesis of congenital anomalies.

(1) Dose-effect relationships and threshold levels

The dose-response curve describes the nature of the relationship between the
dose of a teratogenic agent and its effects on pregnancy outcome.

For many congenital malformations, sigmoid dose-effect relationships have
been described (Kalter, 2003). This includes the notion that it is possible to
define not only the dose at which 50% of the test animals show malformations,
but more important, the threshold level, below which no apparent embryotoxic
effects occur.

On the other hand, there is a long standing relationship between carcinogens,
mutagens and teratogens. Most mutagens are held to be carcinogens, many
carcinogens to be teratogens and most mutagens might be expected to be
teratogens (Ferguson and Ford, 1997). Other aspects that link mutagenesis and
teratology relate to the observation that a significant number of (major)
malformations are caused by single gene defects or by chromosomal
aberrations. Moreover, teratological endpoints that more recently gained
attention, such as prenatal predisposition to cancer or prenatal hormone
disruption, do not follow a sigmoid dose-effect pattern.

For almost all mutagens and carcinogens, the response is directly and linearly
related to the dose of the agent; the line intercepts the effect axis at the point
where the background load of cancers and mutations is. The consequence is
that there is no dose without an effect. Or phrased otherwise: the risk is linearly
related to the increase of the dose, regardless of how small that dose might be.
The problem with this point of view is that it is hardly possible to set up
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experiments that measure long term effects in the low dose area, which is most
relevant for pollutants that are carcinogens and/or mutagens.

Nevertheless, the evidence for this straight-line, no threshold, dose-response
relation is twofold. The theoretical basis is that mutagens and carcinogens have
effects as results of single events in the DNA, and that thus no matter how
small the dose of the agent applied, mutated genes or steps leading to cancer
occur. The experimental evidence is based on the finding that evidence
accumulated over years for selected mutagens, supported the linear dose-effect
relationship concept. lonizing radiation is an example, in relation to
mutagenicity and carcinogenicity. In different, subsequent steps during the past
50 years, information has been accumulated on effects at ever lower doses. It
has not been possible to demonstrate beyond doubt the existence of a threshold
dose. In some experiments, "hormetic" effects were described, whereby low
dose irradiation has a protective rather than a deleterious effect (Calabrese and
Baldwin, 2002). However, other observations indicated the existence of "Low
Dose Hypersensitivity", leading to a relative higher efficiency per dose unit of
very low doses ionising radiation, at inducing mutations and cancer (Waldren
et al., 1986; Frankenberg et al., 2002). Induction of DNA repair could explain
both "Low Dose Hypersensitivity" (the dose is too low to fully induce the
relevant DNA repair mechanisms) and adaptation (a first exposure gives some
protection against a second larger exposure) and that phenomenon could be
important in mutagenesis and carcinogenesis. It seems, however, unlikely that
an exposure to a mutagen might, in the absence of subsequent intensive
exposures, lower background levels of mutation and cancer. In conclusion,
overall, the linear dose effect curve was found at always lower doses of
radiation.

However, the main question, from a public health point of view is “do we have
evidence that pollutants interfere with congenital malformations, at the
concentrations that occur in the environment?” The answer to this question has
two main aspects: does the mechanism allow us to expect effects at low levels
of exposure; and is experimental evidence available, for this interference? The
TDS offers an interesting example in this respect. The TDS and its related
congenital anomalies, such as hypospadias and cryptorchidism, are likely to be
explained by a reduction in testosterone production during the critical phase of
masculinization (Sharpe, 2006). This testosterone production might be
impaired by (among other products) phthalates. Swan et al. (2006) provide
evidence that phthalates, in concentrations to which 25% of the American
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population is exposed, have similar adverse effects on fetal testosterone
production in humans as they do in rats.

In conclusion, while many major malformations might show a sigmoid dose-
response curve, an increasing number of congenital anomalies most probably
show a linear dose-effect relationship without a threshold value, for exposure
conditions as they occur in the environment.

Exposure windows and latency periods

In teratology, not only the dose is important. Timing also matters. The
sensitive period during which embryonic development is susceptible to the
action of teratogens is, as a rule, early in pregnancy. However, it might differ
substantially from substance to substance. The sensitive “exposure window” is
related to the timing of the organogenesis. On this subject, different excellent
reviews exist (see Koren, 1990).

A specific aspect of prenatal exposure is that not only direct effects matter.
DES provides an example of how embryonic programming might result in
cervical and/or vaginal cancer more than 15 years after the original exposure.
The TDS hypothesis links testicular cancer with testosterone deficiency during
the prenatal life. These are noticeable examples of the embryonic origin of
adult diseases. Moreover, this concept should not be limited to exposure during
pregnancy. Preconceptual parental exposure, in particular during the last few
months prior to fertilisation, may also be important for transgenerational
health, even though no clear epidemiological evidence is currently available on
the relevance of such exposure.

Individual differences in susceptibility

Congenital anomalies offer clear examples of the interaction between genetic
background and environmental influences. Individual, genetically coded
differences can be most important to explain variations in the outcome of
congenital anomalies. In addition, in related fields, individual variability is
important to explain susceptibility. PCBs, for example, cause breast cancer
when the CYP 1A1 alleles are present.

Multicausality

Environmental impacts on congenital anomalies offer an outstanding illustration
of what has been called the complex background of disease. Congenital
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anomalies arise from a variety of determinants. Genetic condition, individual and
familial risk factors, social relationships, living conditions, neighbourhoods and
communities, institutions, and health, environmental, social and economic
policies - all these influence the prevalence of congenital anomalies.

One should be aware of interactions at each of these levels. Interactions of
chemicals and/or physical carcinogens might result in additive, synergistic or
antagonistic effects. In addition, the interaction between a chemical teratogen
with the body proteins might be more complex than a one cause — one effect
type of relationship might be able to forecast.

Table 50. Environmental and health sciences and their main directions of error (EEA, 2005)

Scientific studies =~ Methodological features Main' directions of error —

increases chances

Experimental
studies (animal
laboratory)

High doses

Short (in biological terms) range
of doses

Low genetic variability

Few exposures to mixtures

Few fetal-lifetime exposures
High fertility strains

False positive

False negative

False negative
False negative
False negative

False negative

(developmental/reproductive

endpoints)

Observational
studies (wildlife
and humans)

Confounders
Inappropriate controls

Non-differential exposure
misclassification

Inadequate follow-up

Lost cases

Simple models that do not reflect
complexity

False positive

False positive/ more false

negative
False negative

False negative
False negative

False negative

Both
experimental and
observational
studies

Publication bias towards positives
Scientific cultural pressure to
avoid false positives

Low statistical power (e.g. from
small studies)

Use of 5% probability level to
minimise chances of false
positive

False positive
False negative

False negative

False negative

! Some features can go either way (e.g. inappropriate controls) but most of the features mainly err in the

direction shown in the table
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This complexity contrasts with the relative simplicity that underlies laboratory,
epidemiological and wildlife studies. Table 50 provides a list of the type of errors
that might result from contemporary approaches in teratology. The list provides
an illustration of how studies designed to accept or reject hypotheses about
simple factors have serious limitations for recognising multicausal mechanisms.

It is currently unclear what exactly should be done to bring multicausality on
board in the pool of data we have today on the environment-congenital
anomalies relationship. A conference organised in 2001 in Stockholm
(Sweden) on this issue concluded: “Improved scientific methods to achieve a
more ethically acceptable and economically efficient balance between the
generation of “false negatives” and “false positives” are needed.

5. Implications for stakeholders

It is of core importance to inform stakeholders in an accessible way on the scientific
state of the art on environmental teratogens. In this section, the implications for
clinical and public health practitioners, lawyers and legal advisers, policy makers
and the media are discussed.

Box 3 summarizes the principles and core facts as they emerged from this seminar
and these are relevant for the communication strategy.

Box 3. Core messages on information about teratogens in the environment

PRINCIPLES
1. Precautionary approach: limit exposure to pollutants, also before conception
2. Absence of evidence is not evidence of absence
3. Congenital anomalies resulting from environmental exposure can be avoided
CORE FACTS

1. Environmental pollutants proven to be teratogenic: ionizing radiation, mercury,
lead

2. Environmental pollutants that are most likely to be teratogenic: e.g. 2,3,7,8
TCDD, solvents, many pesticides

3. Environmental exposures that are shown to be teratogenic: e.g. nitrates in
drinking water, living near landfill sites

Relatively few environmental pollutants and pollution exposures exist for which
strong conclusions can be drawn. Even for a known neurotoxic teratogen as lead,
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studies of lead in drinking water report conflicting results in detecting neural tube
defects (Winder, 1993; Bellinger, 1994). Such a negative result is a clear indication
that “absence of evidence is not evidence of absence”. Moreover, studies of
teratogens should be evaluated in a predefined assessment context. “Not proven”
does not mean “not teratogenic” or “not harmful” to the conceptus. It rather means
that available methodologies and techniques failed to unequivocally prove a cause-
effect relationship. On the other hand, many associations between environmental
exposure and congenital anomalies have been described. Environmental pollution is
usually present at levels predicted to lead to a small but significant excess risk.
Because pollution is widespread and large populations might be exposed, even a
limited increase in the risk might have a potential public health significance.
Another limitation concerns the finding that for most associations that have been
described, no mechanism of causation is known. Castilla et al. (2001) provide nine
criteria for a contextual assessment, but a systematic evaluation of a meanwhile
increasing list of suspected teratogens is still lacking.

5.1. Advising in the public health sector

In front of patients, the clinical counsellor faces the border between false
reassurance and false alarm. What can be done to prevent teratogenic effects
resulting from environmental exposure? A precautionary approach in this case
entails the following aspects:

(1) reduce personal exposure to environmental pollutants. Be aware of lead and
nitrate concentrations in drinking water. Reduce exposure to pesticides at home
and in the garden. Realize that this is important not only during (the first weeks
of) pregnancy, but also prior to conception,

(2) realize about the risk - benefit balance. Limiting personal exposure to
pesticides should not result in limiting fresh fruits and vegetables in the diet.
However, it should lead to more awareness on the importance of washing and
peeling fruits and vegetables prior to consumption. The advice should equally
be based on a well understood interpretation of the routes of exposure. For
most persistent pesticides (used in the past but still common in the
environment), the most common route of exposure is by the consumption of
fish and fatty foods (milk, butter, meat). This appears to be even more
important than exposure to pesticide residues in fruit and vegetables. In a
similar way, the possible problems with lead and nitrates in drinking water
should not result in massive consumption of bottled water. In most countries
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and areas of the EU, not only is the tap water of excellent drinking quality, but
bottled water causes a high environmental cost e.g. in the energy and the
emissions to produce, package and transport it,

(3) expand prenatal services with advice on environmental issues. Prenatal
counsellors and service providers such as general practitioners, midwifes and
social nurses should be aware of environmental risks and hazards such as e.g.
those related to drinking water. In their practice, they should pay attention to
identify whether the drinking water has low lead and nitrates levels.

5.2, Lawyers and legal advisers

Both in the U.S. and the U.K., but much more rarely in other EU countries, court
trials have taken place, on cases where parents presented evidence on environmental
exposures that might have caused malformations in their child. In particular, cases
related to pesticide exposure are well documented.

As evidenced by the data in this book, no methods exist that link a particular
congenital anomaly in a newborn with a defined environmental exposure. This
means that in each of these court cases, the evidence will be contextual and
circumstantial. Nevertheless, it can not be excluded, but might be rare to occur, that
the context and the circumstances of exposure are such that they might be the cause
of the malformation, beyond any reasonable doubt.

Nevertheless, one might wonder about the effects of a legal DES action in Europe.
As explained in section 3.1 of this paper, a most plausible association between
exogenous estrogens and the resulting congenital anomalies has been described for
DES. Cases on DES have the capacity to provide the much—needed training in legal
matters on congenital anomalies.

5.3.  Policy makers and advisors

Two main areas of importance for policy makers and advisers have emerged from
the discussion on teratogens during the past fifty years: the way one deals with them
in environmental policy and health plans; and communication in cases of crisis.

Table 51 lists the 12 out of 38 national environmental health policy plans (NEHAP)
from the WHO — Europe area, that mention congenital anomalies. As compared to
most issues considered in these plans, CA is of minor importance. Most plans only
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refer to a possible link between CA and environmental exposure. Only the NEHAPs
of Germany and France also announce a policy that targets CA.

Table 51. Congenital anomalies policy in 12 National Environmental Health Action Plans

Country Prevalence Context

(year of publicationor (%)

issue)

Belarus (1999) 1.4 Congenital malformations as a main cause of infant
mortality

Belgium (2003) Congenital anomalies linked with pesticide and
tobacco use

Bulgaria (2002) Congenital malformations rank high in infant death

causes in areas with industrial pollution by lead and
zinc (Svishtov, Rousse, Stara Zagora)

Czech Republic (2002) 3.7

Congenital defects as a cause of neonatal mortality

Croatia (2002) On the role of registers for congenital anomalies

Estonia (1999) (-) Congenital malformations as a declining cause of
perinatal death during the period 1988-1997
(-) Increased incidence of congenital malformations
during the period 1989-1995 (by factor 2.3)

France (2004) (-) More support for monitoring of congenital
anomalies and registries
(-) Limiting exposure to reproduction toxins in the
occupational environment

Georgia (2001) 0.9

Germany (1999) Bans on biocide products, for private use and
consumers, which are classified as carcinogenic,
mutagenic or teratogenic.

Malta (1997) Database on congenital anomalies

Poland (2000) Announces the publication of a “report on the
magnitude of population environmental exposure to
mutagenic, carcinogenic and teratogenic risk factor”.

Romania (1997) No significant increase in the incidence of congenital

malformations in newborns whose mothers were
exposed to Chernobyl fall out (1986) in the first
three months of pregnancy
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The limited attention to CA in NEHAPs is remarkable, as there is no doubt that
some pollutants are teratogens. Even if the prevalence of major congenital
anomalies is low (approximately 2% of births; 2 in 1,000 births for neural tube
defects; 2 in 10,000 for gastroschisis), and even when environmental pollution
results in a relatively moderate increase, to have a child affected by a major anomaly
(residence near landfill sites has a RR of 1.2 - 1.3), the effect at population level
might be important, as environmental pollution generally affects large parts of the
population: 20% of the population of Great Britain lives within 2 km of a landfill
site (Elliot et al, 2001); 25% of the Americans are exposed to phthalate
concentrations that might impair masculinization (Silva ef al., 2004)). As with any
other pollution-related health effect, congenital malformations should be part of
environmental (health) policy plans, on a systematic basis.

Retrospective analysis of major accidents in which teratogenic pollutants were
released (Seveso, Chernobyl) showed that authorities were ill prepared to provide
correct and effective information on the accident, but also on the preventive measures
to be taken under these stressful conditions (Kalter, 2003). The same observation
applies to the information that is provided when the press discovers, for instance, small
clusters of rare conditions in a limited geographic area. Botting and Stone (2002)
report the case of four children who between February 1989 and May 1990 were born
with transverse limb reduction defects in the same town on the Isle of Wight (U.K.).

The only common characteristic identified by the mothers was that they had swum in
the sea during pregnancy. In January 1994, the Sunday Times, a major British national
Sunday newspaper, with a large circulation, broke the news and catalysed a media
event. Botting and Stone (2002) show the difficulties that the authorities had to
convince the public that swimming in the sea was not the cause of the malformations.
Such problems can only be handled in a rational way, when authorities are prepared
with credible communication plans to deal with this type of incidents.

5.4. Scientists and media

Media have an essential role in reporting on public health issues in general and
consequently on congenital malformations. Media tend to report on these issues
when the situation is characterized by ‘“news value”. This is the case “par
excellence” when accidents happen with environmental impacts.

The interaction of the media with scientists, in particular in cases of emergency, is
often far from optimal.
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A number of objective reasons explain this situation:
- scientists are in general not, or only marginally, trained to deal with media,

- an area such as congenital malformations is characterized by probabilities,
hypotheses and scientific uncertainty. This is difficult to communicate, as
people often expect “certainties” from science.

Based on the analysis of two separate studies of congenital malformations and the
way they were communicated in the British media, the following recommendations
can be provided:

- adapt a proactive approach: communicate the significant results of a new study
yourself. Time the communication in conjunction with its publication in a
scientific journal. Be well prepared in facing the press. Avoid the journalists
having the feeling that data are hidden or remain not disclosed,

- adapt a proactive attitude in research. Make sure you have access to good
quality monitoring systems. Establish societally significant hypotheses and test
them before the media confront you with the situation,

- do not only rely on your own information. Work together with other registries
both within the country and internationally,

- adapt a caring, non-directive attitude to a distressed public. Opinion polls show
that when it comes to environmental issues, the public trusts scientists (although
to a lesser extent than they trust environmental NGO’s). This can only be
maintained if the public trusts that scientists work in their interests,

- submit your work to the regular scientific quality controls and publish it in
international, peer reviewed journals (Botting and Stone, 2002).

In conclusion, dealing with the different professional stakeholders in the societal
debate necessitates specific information, with defined targets, tailored on the
specific needs of each of these target groups. Making these needs and agendas
transparent; and organizing an open debate on what science on environmental
teratogens can offer, and what it cannot provide; will improve the societal value of
the research data.
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6. Discussion and conclusions

Clinical evidence shows that exposure of the embryo to some medical drugs,
biological agents such as rubella, or physical pollutants such as X-rays, results in
risks of congenital anomalies. This is part of the basis for questioning whether
chemical or physical pollutants also contribute to the load of congenital anomalies in
human populations.

Next to ionising radiation, chemical pollutants as lead and methyl mercury are also
known teratogens. For many pesticides, teratogenic action has been described in
laboratory animals systems. Solvents such as styrene and many hair dyes; and
endocrine disrupters such as bisphenol A, phthalates, dioxins and vinyl chloride, are
substances that are present in air, water, soil and for which (not always conclusive)
evidence for their teratogenic character exists.

The next question is, however, whether exposure conditions as they exist in the
environment indeed result in increased risks of embryo-feto-toxicity. The answer is
that the evidence in this area of research is increasing. It is best established for risks
associated with lead and nitrates in drinking water and for people living in the
neighbourhood of (hazardous) waste deposit sites. These latter show a 20%
increased risk for children with chromosomal aberrations and a 33% increased risk
for children with non-chromosomal congenital anomalies. The highest relative risk
values have been reported in association with exposure to pesticides.
Cryptorchidism is the most common congenital anomaly. Children of farmers who
purchase large quantities of pesticides have a 2.3 times higher risk of cryptorchidism
than the population as a whole. If the total effective xenoestrogen burden (TEXB) is
taken into account, the relative risk for cryptorchidism in these children rises to 2.8
(Olea, 2006).

Of particular interest is the increase of congenital anomalies such as cryptorchidism
and hypospadias, in a number of industrialised countries. Often this increase is
parallel to the increase in testicular cancers and a decrease of the sperm quality in
men living in the same environment. The totality of these findings might be
explained by the Testicular Dysgenesis Syndrome (TDS) hypothesis, which
combines genetic and environmental evidence into one mechanism in which the
testosterone secretion is of key importance (Toppari, 2006).

Moreover, cryptorchidism and hypospadias are not isolated risks. They should be
seen in a wider context of the social impact of decreased fertility of couples in
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industrial countries. To address this wider problem, a coordinated strategy between
scientists and other stakeholders is imperative.

The accumulating evidence for pollutants that are teratogens should also be
evaluated in the context of changing paradigmatic shifts on evaluating the
mechanisms underlying congenital anomalies. They include different aspects:

- not only high, laboratory, concentrations matter. Also important are everyday
concentrations of bisphenol A, phthalates, DDE and other (potential) teratogens,
administered as daily doses over a period that covers both the preconceptual and
the postconceptual period,

- for environmental teratogens, both situations with a threshold level and a
sigmoidal dose-response curve, and situations with a linear dose-effect
relationship without threshold dose, apply. The dose—effect discussion has an
extra dimension, as many environmental teratogens also act as mutagens,
carcinogens and as substances that impair fertility,

- for both mutagenic and epigenetic receptor binding chemicals, the dose-
response might be supralinear in the very low dose range, the response being
greater than expected on the basis of a linear extrapolation from a higher dose.
For mutagenic substances, this might result, amongst other causes, from
suboptimal induction of DNA repair. Endocrine disrupting chemicals often
show non-linear dose-response relationships, and even inverted U-type dose-
responses have been observed, e.g. for bisphenol A, with the response going
through a maximum and then decreasing as the dose increases,

- timing of administration of teratogens is crucial. This is definitely related to
fetal programming, but, moreover, there is accumulating evidence that pre-
conceptual exposure of sperm and ova to teratogens also influences the state of
health, both at birth and during adulthood,

- teratogens do not only result in direct effects. DES exposure is a historical
example of transplacental tumourigenesis with a long latency period. This type
of long latency and fetal origin of adult diseases has also been evidenced for
other teratogens. These effects are rarely covered by tests for teratogenesis,

- tests for teratogenesis, even today, are typical examples of (monocausal)
mechanical models of disease, whereas multicausal situations apply,
particularly in environmental exposure. Although the scientific paradigm of
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monocausality guided medical research for many years, it is increasingly being
questioned. In particular, it is difficult to apply it to environmental teratogens
for which exposure to mixtures, rather than exposure to individual substances
applies. Moreover, the occurrence of teratogenic outcome depends on such
factors as lifestyle, social relationships, medical practice and policy. This
necessitates refining our knowledge on exposure pathways in a holistic way.

The area of environmental teratogens is characterised by relatively limited scientific
proof, increasing insight and understanding, uncertainties on most fundamental
aspects and important public concern. This raises the question on how we should
act. The answer appears to be different for the different stakeholders:

- Scientists should deal in a more professional way with risk communication. Part
of this includes formulating clear points of view. These entail:

] strong hypotheses,

] positive lists of environmental teratogens and exposure conditions: which
pesticides are the ones that influence cryptorchidism, hypospadias and
congenital anomalies in general? What do we do with the finding that both
chromosomal and non-chromosomal congenital anomalies are increased in
populations living near waste deposit sites, when in Great Britain 20% of
the population lives within 2,000 metres of a (hazardous) waste deposit
site?

] a new generation of tests and standards. Tests that allow a more holistic
approach are needed. At the same time, they should be ethically sound and
economically efficient. They should equally lead to a new generation of
guidelines, bringing the precautionary principle on board, next to the
results of the, rather unrealistic, laboratory experiments,

- General practitioners, clinicians and health advisers are an important
communication forum for the population at large. Without any doubt, they
should pay more attention to the existence of environmental teratogens. They
should be enabled to define risks at an individual or family level and to
communicate them in practical terms. They should adopt restrictive drug
prescription behaviour towards pregnant women and towards couples prior to
conception. Nevertheless, their task remains difficult as, for many relevant
questions, we do not have clear cut answers and scientific uncertainty prevails,
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as regards practical suggestions. How to interpret, e.g. for a large audience, the
presence of pesticides in placenta tissue?

couples preparing for children should be aware of possible teratogenic
pollutants in their lifestyle environment (medical drugs, pesticide use at home
and in the garden, cosmetics). On a long term basis, it is important to be aware
of the quality of the internal body environment. Some pollutants can affect the
health of the children after both pre- and post-conceptional exposure. Health
effects sometimes appear after a long latency period,

NGOs are the societal counterbalance of a highly motivated industrial
opposition that for ethical, perceptual or economic reasons avoids being
associated with the production, promotion or sale of teratogenic products or by-
products. When it comes to environmental teratogens, environmental and
consumers NGOs, in particular, should continue to find examples of congenital
anomalies associated with chemicals in products of daily use (e.g. packaging,
disinfectants, wood-treatment substances),

industry should continue to test, in a systematic way, new chemicals for
congenital anomalies. The environmental directorate of OECD (1995, 2004)
published a series of documents that provide guidance on methodological
aspects, interpretation of data and strategy for testing of chemicals. The
documents target a wide series of environmental and human health outcomes,
including reproductive toxicology.

policy makers are not particularly charmed by the discussion on environmental
teratogens. Thus far, the general rule is to ban products that are classified as
teratogenic (in a similar way as carcinogens and mutagens are “banned” for
general use). Most countries also manage a congenital malformations register.
EU-wide, these data are collected in EUROCAT. According to the current
information on congenital anomalies causing substances and exposure
conditions, this is a rather refraining attitude, that will not succeed in bringing
down the teratogenicity load from, for example, pesticides or living near waste
deposit sites.

important point in this discussion is "what level of evidence is needed, to

generate action at the policy level?"

Currently, different sets of criteria for answering this question exist. The criteria on

association and causation developed by Sir Bradford Hill (1965) are probably the
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oldest ones. They relate to the strength of the association, its consistency, its
specificity, its temporality, the existence of biological gradients such as a dose-effect
relationship, the experimental evidence, plausibility, coherence and analogy. More
recently, related sets of criteria have been developed. In its evaluation of endocrine
disrupters, WHO (Damstra et al., 2002) used a system in which the following
evaluation criteria were handled: temporality, strength of association between
exposure and health effect, biological consistency of the observations, plausibility
and evidence of recovery. All these allow the determination of the overall strength
of evidence, both for the hypothesis of a particular causal relation between exposure
and effect, and for the mechanism explaining that relationship.

If these criteria are applied to the environmental congenital anomalies discussion,
policy action is indicated for pesticides and other endocrine disrupters. In a
European context, there is growing evidence for bringing endocrine disrupters under
prior authorisation under REACH. This general measure should be accompanied by
specific measures in the EU member countries to cope with specific problems, as
revealed by their National Environmental Health Action Plans.

In the medium term, a new generation of standards, interpreting the different
environmental aspects that affect congenital anomalies, needs to be developed.

It would indeed be irresponsible to delay policy actions until full scientific proof is

available, for a number of reasons. The two most prominent are these:

- if we continue to build up an important burden of environmental chemicals and
exposure conditions, this might affect generations to come,

- as environmentally mediated congenital anomalies are avoidable health
burdens, any excess cases represent a failure of our environmental health
protection system.
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