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ABSTRACT

RESEARCH ON GENETIC HYPERSENSITIVITIES TO ENVIRONMENTAL
EXPOSURES: MORAL AND SOCIAL ISSUES

By

Richard R. Sharp

Current projections suggest that the Human Genome Project (HGP) will
complete the first human genetic reference sequence (a map of all the genes in
the human body) by the year 2003. The completion of the HGP reference
sequence represents a crowning achievement in molecular genetics and marks
the beginning of a new era in the study of human disease. The complete HGP
reference sequence will allow researchers to explore the effects of genetic
variation on the development of complex diseases, such as asthma, cancer,
diabetes, and coronary heart disease.

The expected availability of the HGP reference sequence is prompting
researchers to plan more comprehensive studies of genetic influences on
disease. One example of this trend is the Environmental Genome Project (EGP),
sponsored by the National Institute of Environmental Health Sciences, one of the
National Institutes of Health. The EGP plans to study how genetic differences
between individuals may influence how they respond to adverse environmental
exposures. By identifying potential genetic hypersensitivities to environmental
exposures, the EGP promises to advance our understanding of disease
susceptibility and thereby assist in the development of disease-prevention and

intervention strategies. Nonetheless, despite these potential health benefits,
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projects like the EGP also present a number of ethical, legal, and social
concerns.

This dissertation examines the moral and social issues presented by the
study of genetic hypersensitivities to adverse environmental exposures. These
issues include concerns about: (1) the increasing geneticization of complex
disease, (2) the protection of human subjects in molecular epidemiologic
research, and (3) the potential implications of genetic-susceptibility research for
socially identifiable groups. The recent explosion of interest in genetic
susceptibility to complex disease makes these issues of great practical
importance. Moreover, in addition to their practical relevance, examining these
issues also helps to shed light on traditional questions in research ethics.

A central theme of the dissertation is that the study of genetic
hypersensitivities to environmental exposures presents new moral and social
issues. Bioethicists often focus their discussions of genetic research on rare,
highly predictive “disease genes”. Such genetic influences on disease, however,
are the exception rather than the rule. As researchers begin to examine more
subtle genetic influences on disease, it is important that we consider the extent to
which these discussions of rare, highly predictive disease genes are appropriate
guides in other context. This topic has not been fully explored by ethicists and
other commentators on genetic research. A central aim of the dissertation is to
illustrate how the moral and social issues presented by the study of more subtle
genetic influences on disease differ from those considered in connection with

highly predictive disease genes.
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CHAPTER ONE

MORAL AND SOCIAL ISSUES PRESENTED BY RESEARCH ON GENETIC
HYPERSENSITIVITIES TO ENVIRONMENTAL EXPOSURES

Introduction

Looking at the history of molecular genetics, one cannot help but be
struck by two conflicting, yet equally pervasive, themes. On the one hand, there
is a series of revolutionary developments that have resulted in a much better
understanding of the process of genetic inheritance and have suggested far-
reaching clinical applications of this new knowledge. In 1953, Watson and
Crick discovered the structure of the DNA molecule and suggested a
mechanism by which discrete genes are passed from generation to
generation. A series of subsequent experiments revealed the genetic code
and demonstrated that the incredible complexity of biological proteins can be
explained in terms of finite sequences of just four nucleotides. Later, there is
Southern’s use of radio-labeled probes to identify and separate individual DNA
fragments; Sanger's development of DNA-sequencing techniques; Mullis’s
PCR amplification methods; and a whole host of other techniques for
identifying, characterizing and manipulating DNA samples.

Alongside these developments is the corresponding application of these
techniques in clinical settings and the development of genetic tests for
inherited abnormalities. Armed with the tools of molecular genetics, clinicians

can now determine which children will suffer from terrible diseases like Lesh-
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Nyhan syndrome and Tay-Sachs disease. Looking to the future, improvements
in gene-manipulation technologies hold the promise of “gene therapies” that
dramatically reduce the suffering caused by many of these diseases. Thus, the
history of molecular genetics is in many ways a story of scientific triumph—a
story suggesting even more wonderful possibilities to come.

Unfortunately, however, there is another less optimistic theme running
throughout the history of molecular genetics. Tests for many genetic conditions
have been grossly abused. The US Airforce was accused of using genetic
tests for the sickle-cell allele to discriminate against black pilots (Duster 1989).
Health insurers have used such tests to avoid the burdens of caring for those
who suffer from various genetic maladies. Mandatory state-sponsored
screening programs have eroded the privacy of many, and pre-employment
tests for genetic susceptibilities to occupational exposures threaten to limit
individual choices further. Genetic tests also have been used to selectively
abort various “undesirables”, reminding us of past eugenics programs and
sterilization campaigns. Finally, perhaps more than any other single event, it
was reaction to the announcement in February of 1997 that scientists had
successfully cloned an adult mammalian sheep that epitomizes the fears
surrounding molecular genetics (Wilmut et al. 1997). With that announcement,
many began to ask if the wonders of molecular genetics come at too high a
price—whether potential misuses of genetic knowledge and technologies
outweigh the benefits of being able to foresee, manipulate, and possibly

control our fates.
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This concurrent optimism and concern about molecular genetics makes
this one of the most controversial areas of contemporary social discussion.
Many believe that molecular genetics will radically transform our lives. The
problem is that no one is entirely clear exactly how our lives will be changed as
a result of these developments. Philip Kitcher describes the situation very well
when he writes (Kitcher 1996, p. 18),

Alternatively inspiring and appalling, kaleidoscopic images of possible

futures whirl by. We sense that the molecular revolution will make large

differences—how large, we do not know—in the lives our children will
lead, we sense that we have the power now to channel the impact the
new biology will have on society, but the kaleidoscope shifts too quickly.

We do not know how to stop it, how to bring these images into focus,

how to decide which of them represents something for which we should

genuinely hope or of which we have reason to be afraid.
Geneticists, biomedical researchers, philosophers, ethicists, and others
continue to struggle to bring these kaleidoscopic images into perspective and
sort through the tangle of interwoven issues presented by contemporary
molecular genetics. When offered, “solutions” to these problems are
understood as tentative and open to revision. In many areas, just clarifying the
issues constitutes substantial progress.

This dissertation examines the moral and social issues presented by
one aspect of contemporary molecular genetic research, namely, the study of

genetic hypersensitivities to environmental exposures. The project is motivated
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by a belief that progress can only be made by focusing on narrow aspects of
the inter-related controversies surrounding genetic research. Collectively, the
issues presented by molecular genetics are overwhelming, and general
conclusions few. By focusing on these issues individually, however, they may

be manageable.

Conceptual overview

This dissertation examines the moral and social implications of
research on genetic hypersensitivities to adverse environmental exposures.
Several recent proposals to examine how genetic variation may affect disease
susceptibility have made this topic especially timely (Albers 1997; Brown and
Hartwell 1998; Collins, Brooks, and Chakravarti 1998; Collins, Guyer, and
Chakravarti 1997; Kaiser 1997; Kuska 1996; McBride 1996; Schafer 1998).
Moreover, a careful examination of these issues helps to shed light on several
traditional topics in research ethics, including questions relating to informed
consent, the protection of research participants, the release of research data,
and implications of research for socially identifiable groups. The principal goal
of the dissertation is to identify emerging issues and clarify differing
perspectives on the moral and social issues presented by research on genetic
hypersensitivities to environmental exposures.

This introductory chapter surveys several of the moral and social issues
surrounding genetic-hypersensitivity research. The issues that are introduced

and described are subsequently examined in more detail in the following
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chapters. Moreover, in both this introductory chapter and the dissertation as a
whole, these issues are discussed in relation to one of the more prominent
examples of contemporary research of genetic hypersensitivities, namely, the
Environmental Genome Project (EGP). This project, sponsored by the National
Institute of Environmental Health Sciences, one of the National Institutes of
Health, exemplifies the type of genetic-hypersensitivity research that is likely to
be of great interest to researchers over the next few years. Hence, a careful
examination of the moral and social issues presented by the EGP is useful for
thinking about the general direction of contemporary molecular genetic

research and its broader social implications.

The Environmental Genome Project

Individuals differ greatly in their responses to chemicals, drugs,
radiation, smoking, alcohol, and other environmental exposures. These
differential responses are the result of complex interactions between many
different factors, including an individual's genetic make-up, age, sex, nutritional
status, and overall health. Moreover, the vast majority of diseases—many
forms of cancer for example (Perera 1997)—are the consequence of these
complex interactions between environmental and genetic influences. Hence, a
better understanding of how individuals respond to adverse environmental
exposures is crucial to understanding the development of disease.

To better understand how genetic differences between individuals

influence how they respond to environmental exposures, the National Institute
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of Environmental Health Sciences (NIEHS) recently proposed the
Environmental Genome Project (EGP) (Albers 1997; Cannon 1997; Kaiser
1997). Launched in 1997, the principal goal of the EGP is to better understand
genetic influences on environmental response and the development of
environmentally associated diseases (Albers 1997; Brown and Hartwell 1998;
Cannon 1997; Kaiser 1997). The EGP is premised on the idea that identifying
genetic hypersensitivities to adverse environmental exposures will allow
clinicians to target preventive efforts, and early intervention programs, to those
individuals who are most at risk of developing disease. Hence, the information
learned through the EGP may be instrumental in accurately estimating disease
risks, developing more effective disease-prevention strategies, and designing
new disease interventions.

Unlike many other types of genetic research, however, the EGP is not
searching for “disease genes”. Rather, the genes to be studied in connection
with the EGP are believed to play some role in the development of disease, but
only in conjunction with other genetic and environmental factors. For example,
one category of genes to be studied in connection with the EGP are genes
involved in the detoxification of carcinogens. Variation within this class of
genes can affect the functioning of associated gene products, and thus may
limit an individual's ability to metabolize these carcinogens properly. As a
result, individuals who possess certain alleles—and who also are exposed to
particular carcinogens—may be at increased risk of developing cancer. These

alleles, and others to be studied in connection with the EGP, are not “disease
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genes”, however, since they are limited predictors of future disease.
Nonetheless, in connection with other environmental factors these genetic
influences may make significant contributions to the development of disease
and are important factors to consider in assessing disease risks.

Geneticists use the term “penetrance” to describe the extent to which
alleles are predictive of future disease. An allele is said to be highly penetrant
if a large percentage of individuals who possess that allele develop an
associated disease. For example, the alleles associated with Huntington's
disease and cystic fibrosis are highly penetrant. By contrast, the EGP will focus
on less penetrant alleles. These alleles are more loosely associated with
disease, but in combination with certain environmental exposures they may
play an important role in explaining why some individuals develop disease

while others do not.

Moral and social issues presented by the Environmental Genome Project

As with many other developments in molecular genetics, the EGP has
been viewed with both optimism and concermn. In fact, in many ways current
thinking about the EGP closely parallels early discussions of the Human
Genome Project (HGP). Atthe outset of both projects advocates stressed the
potential health benefits that might be gained, while skeptics remained
concerned about the moral and social implications of the work. Similarly,
broader social implications of the two projects were quickly recognized as

important points to be addressed concurrently with the research. Like the
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Human Genome Project, NIEHS also plans to support research on the ethical,
legal, and social implications of the EGP (Cannon 1997). Nonetheless, when
each of the two projects were begun, there was considerable uncertainty about
the significance of these larger social implications and what should be done to
minimize any potential harms that might result from the research.

In this context, a noteworthy essay was published in 1991 by Eric
Juengst (Juengst 1991). That essay introduced and described the Ethical,
Legal and Social Implications (ELSI) Program at the National Center for
Human Genome Research.' Juengst's goal in his essay was to highlight
some of the moral and social issues that were emerging as focal points for the
new ELSI program. Since that time, the ELSI program has grown to become
one of the largest and most well regarded bioethics programs in the country,
sponsoring the work of hundreds of researchers and coordinating bioethics
activities both nationally and internationally (Marshall 1996; Meslin, Thomson,
and Boyer 1997). In 1991, however, Juengst and others involved with the HGP
had no way of anticipating these developments. Looking back, the issues
identified in his essay may seem vague and poorly defined. At the time,
however, the essay served an important purpose. The essay identified areas
requiring additional study and thereby served as a guide to others interested in
joining in these discussions.

In many ways, Juengst's essay serves as an inspiration to many of us
who are interested in the moral and social issues presented by projects like

the EGP. At this point, the moral and social implications of research on genetic
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hypersensitivities to environmental exposures are still unclear and no one is
certain how serious these implications may be. Thus, like Juengst's 1991
essay, this dissertation attempts to define and clarify emerging issues.

In addressing the ethical and social implications of projects like the
EGP, ethicists today are fortunate to be able to draw upon the work that has
already been done. Ethicists have been thinking about these issues since the
early 1970s. Moreover, the ELSI program, and related research on the Human
Genome Project, has added to this scholarship on the moral and social issues
presented by genetic research. Much of this work is directly relevant in thinking
about projects like the EGP. Concerns about genetic privacy and the possibility
of discriminatory uses of genetic information, for example, should continue to
be addressed in this new context.

Nonetheless, discussions of genetic research often focus on rare genes
that are highly predictive of future disease. It is unclear whether the
perspectives that have emerged from these discussions are appropriate in the
context of research on common genes that are more loosely associated with
disease (Hunter and Caporaso 1997; Schulte, Hunter, and Rothman 1997;
Soskolne 1997; Wilcox et al. 1999). Interpreting the results of genetic tests for
these less penetrant alleles, for example, is much more difficult than
interpreting tests for highly predictive alleles (Collins 1996). Hence, projects
like the EGP should prompt us to examine the extent to which traditional
bioethical perspectives apply to research on common genes that appear to

play some role in the development of disease, but are limited predictors of an
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individual's disease risks. Moreover, projects like the EGP may present issues
that are entirely unique, and that may present themselves as this area of
research develops.

To date, several ethical, legal, and social implications are emerging as
important areas to address in connection with projects like the EGP (Baird
1995; Geller et al. 1997; Grandjean and Sorsa 1996; Hunter and Caporaso
1997; Juengst 1995; Kodish et al. 1998; Parker 1995; Soskolne 1997). These
include issues associated with: (1) the consent of research participants, (2)
genetic privacy and confidentiality, (3) medical responsibility and the perception
of individuals at risk of developing disease, (4) disclosure of research resuits,
(5) implications for non-participants, and (6) clinical applications of research
findings. These issues, while they are not new, take on new shape in
connection with research on genetic hypersensitivities to environmental
exposures. Each of these issues is discussed in more detail in the following

sections.

informed consent of research participants

Projects like the EGP often involve the collection of large numbers of
biological samples. As part of the EGP, for instance, researchers plan to
assemble a set of DNA samples that reflect the genetic diversity of the US
population and make a set of immortalized cell lines available for the
identification and study of genetic hypersensitivities to environmental

exposures. This collection of cell lines will provide researchers with a

10
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replenishable source of genetic material. The samples for the EGP could be
compiled from existing sample collections or could involve collecting new
samples.  Unfortunately, however, there are a number of difficult moral
considerations relating to the collection of samples for large-scale biological
repositories, particularly repositories that contain immortalized cell lines and
DNA samples (American College of Medical Genetics Storage of Genetic
Materials Committee 1995; American Medical Association Council on Ethical
and Judicial Affairs 1998; Annas 1993; Annas 1994; American Society of
Human Genetics 1996; Clayton et al. 1995; Elias and Annas 1994; Knoppers
and Laberge 1989; Knoppers and Laberge 1995; Kopelman 1994; Reilly 1992;
Reilly, Boshar, and Holtzman 1997; Weir and Horton 1995a; Weir and Horton
1995b).

One of the most difficult issues surrounding large-scale sample
collections relates to the nature of the informed consent obtained from sample
providers. If sample providers have only a general idea of how their sample
may be used by researchers who have access to the sample repository, it is
not clear that participants are capable of offering truly informed consent
(Knoppers and Laberge 1989; Lyttle 1997). Moreover, while some sort of
consent may have been obtained at the time of the initial contribution, it often is
difficult, if not impossible, to accurately predict the ways in which future
scientific developments may suggest novel uses of the collected samples. |f
these future applications cannot be foreseen, then clearly sample contributors

cannot offer their informed consent for these uses.

11
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In the context of the EGP, concerns about the adequacy of informed
consent are made more difficult by the fact that at the time DNA samples are
collected, researchers will not be able to provide a detailed list of the specific
genes to be examined or the particular diseases that may be associated with
those genes. Participants will be told about the general risks and benefits of
studying genetic hypersensitivities to environmental exposures, but will not be
told the specific types of information that may be discovered in connection with
research done with their sample. This is because it is expected that as the
project develops, the EGP will consider many different genes—perhaps as
many as 200 different genes (Albers 1997; Cannon 1997; Kaiser
1997)—focusing at any given time on those particular genes whose function is
better understood. This flexibility, while it allows for the most efficient use of
limited resources, makes it difficult to convey to potential sample contributors
the information needed for making an informed decision about their
participation. In short, it is unclear whether the individuals being asked to
participate in the EGP will have sufficient information about the studies to be
performed using their samples to warrant saying that these participants are
offering truly informed consent.

These concerns about the adequacy of informed consent, however, are
not limited to the EGP. Research on genetic hypersensitivities to
environmental exposures requires epidemiologic studies that follow
individuals over long periods of time. Hence, at the beginning of such studies

there will be many uncertainties about future scientific developments and the
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types of information that may be available as the research progresses. In other
words, studies of genetic hypersensitivities to environmental exposures, in
general, present concerns about the adequacy of informed consent. In this
context, the central issue presented is whether individuals being asked to
participate in such research can make a fully informed decision about their
participation if they are told about the general risks and benefits of such
research, but not told about the particular types of information that may be
collected in connection with their sample.

Moreover, projects like the EGP present many other related issues
involving the collection of DNA samples and the protection of human subjects.
These issues include concerns about the social implications of using race or
ethnicity to classify samples, controlling access to samples, determining the
conditions under which samples are released to other researchers, and
interpreting a participant's right to withdraw from research involving widely
distributed cell lines. Concerns about the scope of informed consent, while the
most immediate of these issues, are part of a larger set of concerns about

protecting research participants.

Genetic privacy and confidentiality

Much has aiready been written about the special nature of genetic
information and its potential to be used in discriminatory ways (Andrews et al.
1994; Annas, Glantz, and Roche 1995; McCarrick 1993; Rothstein 1997). Much

of this discussion, however, has focused on rare genetic conditions associated
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with genes that are highly predictive of future disease. By beginning with these
types of genetic influences on disease, commentators have tended to focus on
issues related to information gathering and information disclosure—issues
concerning who ought to have access to information about an individual's
genetic make-up.

While these issues are clearly important, they take on special
significance in the context of rare genes of high penetrance. If an individual has
a particular genetic condition that is uncommon and that manifests itself in
ways that cannot be effectively dealt with, then obviously that individual will want
to have as much control as possible over that information. Because of the rarity
of the condition, individuals may be singled out as different, and perhaps as
deserving of different treatment in some way or another. Moreover, the highly
penetrant nature of the genetic influence often makes it difficult for individuals to
do anything in response to their situation. Allowing affected individuals to
control access to this type of genetic information also is supported by long-
recognized bioethical principles, including the principle of nonmaleficence,
respect for autonomy, and traditional views on the confidentiality of medical
information (Beauchamp and Childress 1994). Hence, the moral perspective
that emerges from an examination of rare genes that are highly predictive of
disease stresses the importance of allowing individuals to determine who has
access to their genetic information.

Things may change significantly, however, when we shift our attention to

other types of genetic variation (Gold 1996; Wilcox et al. 1999). For example,
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with respect to common genes that are more loosely associated with disease,
it is not clear whether individuals ought to have as much control over third-party
access to genetic information. This suggestion may seem odd in light of a
growing commitment to the idea that individuals should be able to control
access to personal genetic information, but if a large percentage of the
population has the same allele, or a closely related allele, then discrimination
is not as likely. In addition, persons who are met with discrimination based on
their having a common allele may respond by joining forces with the large
number of similarly situated individuals, thereby empowering themselves
politically. Finally, with respect to alleles of low penetrance, it may be possible
to respond to a genetic disadvantage by changing the environment in which
one lives. Hence, there may be compelling reasons for collecting and
disclosing genetic information to public-health officials and researchers
studying ways to improve public health.

In short, it is not clear that the moral paradigm that has emerged from
the analysis of rare, highly penetrant genetic conditions is always an
appropriate guide in contexts involving other types of genetic influences on
disease (Hunter and Caporaso 1997; Juengst 1995; Parker 1995; Wilcox et al.
1999). Though commentators on genetic research involving highly penetrant
alleles are correct in highlighting the potential for discriminatory uses of such
genetic information, it is not obvious that these considerations apply with the

same force to more common alleles of low penetrance, or that concerns about

15



il~“‘ )

the protect |

dscesing ¢

Individual re

Recs!
detween pa-
ExCsares.
o alieles
Usease, b
Bsures
Drewe':tmg ‘
et ong

" over)

Sy

M)

Elow .



the protection of genetic privacy necessarily outweigh the potential benefits of

disclosing other types of genetic information to third parties.

Individual responsibility for health

Recall that one of the primary goals of the EGP is to identify associations
between particular alleles and increased vulnerability to adverse environmental
exposures. Suppose EGP researchers are successful and identify a number
of alleles that markedly increase an individual's risk of developing a specific
disease, but only in contexts where they are subjected to certain environmental
exposures. While such information is important for understanding and
preventing disease, the availability of this information may have a number of
implications with regard to how we view an individual's responsibility for his or
her overall health.

Suppose, for instance, that the environmental exposures that are
associated with certain alleles are very common and difficult to avoid, exposure
to low levels of direct sunlight, for example. An individual may be able to avoid
such exposures, but only by taking extraordinary measures. Knowing that
these precautions are available, it is unclear how we should view individuals
who fail to take such extraordinary measures to lower their risk of disease.
Insurers, for example, may claim that individuals who do not minimize their
exposure to these agents are responsible for any subsequent iliness because
they are knowingly placing themselves at risk. Employers asked to pay for

health costs through workers’s compensation may refuse, appealing to the

16




3 1 was !

TS GHEN |
parmsampata) .
e v 6T o
g a'..,\,,,
IRA [N
Eotesis 1sc

s ae

L \a: €

Sae .

< ~515ny e
Yeran

~H Suppes
m-e.n Grve

- ~
HESSS
Vgl TN
e iC
PR
R
v

s
-
"“Ql‘so
.
e
el
LS L P
Sr -



idea that it was the individual who knowingly took a job that placed him or her at
high risk given their genetic disadvantages. Currently, it is unclear how to
resolve such disputes or the extent to which this information might be
inappropriately used to avoid responsibility for illness. These disputes relate to
problems about possible discriminatory uses of genetic information, but the
more basic issue is how information on genetic hypersensitivities to
environmental exposures may alter our views on individual responsibility for
one’s health.

To further illustrate this point, suppose that several alleles are identified
that markedly increase the risks associated with second-hand smoke.
Moreover, suppose that these alleles are found in a significant percent of the
population. Given such circumstances, there might be large-scale efforts to
mandate that smoking parents have their children screened for the presence of
these alleles. Parents who refuse might even be accused of child abuse. With
knowledge comes responsibility. In the context of projects like the EGP, the
question is how information gathered through this type of research will alter our
current conceptions of medical responsibility. Moreover, as the examples
above illustrate, these are not just abstract, philosophical concerns.
Determining who is responsible for an individual’'s health has very clear
implications for workers’s compensation benefits, medical and life insurance
claims, child-custody disputes, employment choices, and a whole host of other

decision-making areas (Rothstein 1994-95).
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Closely related to this point about medical responsibility are concerns
about the impact genetic-hypersensitivity research may have on how we view
at-risk, but currently non-symptomatic individuals. Much has already been
written about the possibility of individuals with genetic disadvantages coming to
see themselves as ill, even though they are not exhibiting any symptoms of the
disease and may never develop the illness (Weir, Lawrence, and Fales 1994).
Projects like the EGP may indirectly foster such a tendency, especially if the
associations between particular alleles and specific diseases are difficult to

quantify.

Disclosure of research results to participants

The EGP and projects like it also raise a number of issues relating to the
disclosure of study information to research participants. Clinicians and genetic
researchers continually wrestle with the problem of how to communicate
genetic information to individuals effectively and in a manner that does not
suggest a sort of genetic determinism (Juengst 1995; Thomson 1994). In the
context of the EGP, these issues are complicated by the type of genetic
information involved. Specifically, given the probabilistic nature of the
associations between allelic variants and increased vulnerability to
environmental exposures, and the corresponding difficulties involved in
validating gene-environment associations (Schulte and Perera 1993), it is
unclear whether investigators should disclose any results to study participants

(Schulte and Singal 1996). If results are disclosed, they may be viewed in an
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overly deterministic manner, causing participants unwarranted amounts of
worry and anxiety.

The EGP and related projects will have to find ways of educating
prospective participants about the inappropriateness of genetic determinism in
connection with alleles of low penetrance. The difficulty of this task is
increased by the fact that many people currently appear to accept some form of
genetic determinism and believe that an individual's genetic make-up
determines, to a large extent, his or her overall health (Hubbard and Wald
1993; Lewon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>