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This review was conducted to characterize the nature of contemporary occupational epidemiologic 
research involving genetic markers, consider how genetic information is unique with regard to its 
social applications, and examine some of the ethical dilemmas that may arise over the course of 
studies. We have reviewed the literature and the lessons from our experience in conducting 
occupational epidemiologic research involving genetic markers. This review describes how 
occupational epidemiologic studies differ from other epidemiologic studies on issues of participation, 
confidentiality, and the history of including genetic markers. Of primary concern in occupational 
studies are genes that have multiple alleles and are sometimes referred to as " metabolic 
polymorphisms." They generally do not confer risk on their own but rather only in combination with 
a specific exposure. There is a need for a clear policy and guidelines for the conduct of occupational 
epidemiologic studies using genetic material This policy should address all of the steps in study 
design, implementation, interpretation, and communication of results. 

Advances in molecular genetics and human genome research have provided new tools to assess 
exposure-disease relationships. It is well established that inherited genetic differences in host metabolic 
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capacity contribute to response variability after exposure to exogenous agents. rn [ZJ [.ll [:fl [2.l 121 rn m [2J Such 
findings are particularly relevant to exogenous exposures in the workplace. A more complete assessment 
of occupational risks can be undertaken when genetic factors are considered along with environmental 
factors. 111 

However, investigators need to be aware that interpretations that reduce the cause of complex 
multifactorial diseases etiologies, such as cancer, to relatively simplistic genetic answers are misleading. 
Genetic factors with a strong effect on the risk of occupational disease are usually rare. For most genes, 
their effect on risk is modest, complex, and fairly uncertain. w Rather than having a singular role, 
genetic markers should be considered as another set of tools that can used in support of occupational 
disease prevention. 

Before a particular genetic marker can be utilized reliably, the relevance of the marker to disease 
etiology must be resolved. Occupational epidemiologic research involving genetic markers and human 
participants can serve to provide this resolution. However, such studies can result in the intertwining of 
epidemiologic research with a range of ethical, social, and legal controversies. The purpose of this 
article is to characterize the nature of contemporary occupational epideiniologic research 
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involving genetic markers, consider how genetic information is unique with regards to its social 
applications, and examine some of the ethical dilemmas that may arise over the course of studies. 

Distinguishing Features of Occupational Epidemiologic Studies 

Several factors distinguish occupational epidemiologic studies from other epidemiologic studies. In 
occupational epidemiologic studies, the potential study participants are in defined organizations and 
locales, and, therefore, procedures to safeguard confidentiality may need to be more stringent than those 
for general population studies. Participation in the study, and the meaning, handling, and impact of 
results can be intertwined with power and the hierarchical relationships of the workplace. For example, 
there has been strong labor opposition to genetic testing in the workplace for fear that it will result in 
discriminatory hiring practices and reduced efforts to minimize exposure to toxic substances. Current 
employees may fear that genetic testing in a research study will reveal a risk factor to the employee and 
induce job loss or reassignment. 8 1 

Historically, genetic factors have rarely been considered in studies of occupational health risks for a 
variety of reasons. [2.l These range from the overwhelming effect of occupational exposures, compared 
with genetic influences for some diseases, to concerns that the emphasis on genes will be to the 
detriment of efforts to control the environment. In many classic occupational studies, the exposures were 
substantial, the outcome under study was mortality, and there was neither access to biologic specimens 
nor relevant genetic tests. The rapid increase in the understanding of the molecular mechanisms of 
cancer over the past decade, along with the identification of genetic factors related to cancer risk, has 
resulted in increased opportunity to incorporate genetic factors in epidemiologic studies of occupational 
cancer etiology. Although there are notable examples, fewer opportunities have arisen for the study of 
the genetic factors involved in other nonmalignant occupational diseases. 
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Role of Genetic Factors 

Despite the strong causal associations that have been detected in many occupational studies, there 
remains a differential distribution of diseases among workers that cannot be accounted for by differences 
in exposures, work practices, or lifestyle. Genetic factors are likely to be responsible for some of this 
distribution. [fil rn w [2] In the history of occupational epidemiology, individual genetic risk factors 
generally were accounted for only by controlling for race or sex. Today, as many occupational 
exposures are being controlled to lower levels, the importance of genetic factors as sources of variability 
in risk estimates is increasing. This is not to imply that occupational etiologies will be replaced with 
genetic etiologies, but rather that genetic factors, which might influence exposure-disease associations, 
should be included as relevant variables in study design and analysis. [ii 

Susceptibility Genes 

Molecular genetic technologies offer a range of capabilities for research. For example, it is now possible 
to directly compare DNA sequences of case participants and control participants for genes that are 
potentially involved in disease etiology. These techniques also enable the identification of 
"susceptibility" genes or at least for the phenotypic expressions that may differentiate populations 
according to risks. A genetic marker of susceptibility is a host factor that enhances some step in the 
progression between exposure and disease such that the downstream step is more likely to occur. The 
term genetic marker is used here in reference to susceptibility genes. 

There are two general types of phenotypic expressions that are associated with susceptibility to disease. 
The first comprises single genes that are strongly associated with rare diseases: for example, the 
HLAB27 gene and ankylosing spondylitis, or the gene for hereditary diseases such as ataxia 
telangiectasia. In contrast, and more relevant to the occupational environment, are genes that code for 
enzymes that are involved in the metabolism of occupational toxicants or carcinogens. These genes have 

. multiple alleles and are sometimes called "metabolic polymorphisms." They ( each allele) occur by 
definition in more than 1 % of the population. They generally do not confer risk on their own but rather 
only in combination with a specific exposure. An example is the combination of CYP2D6 and benzo[a] 
pyrene (B(a)P) exposure (discussed below). 

Characterization of Studies: Validation or Utilization 

The extent to which genetic markers can be applied toward occupational disease prevention will depend 
on future research. Contemporary occupational epidemiology research involving genetic information 
can be viewed as either validation or utilization (as independent or dependent variables or for 
occupational medicine practice studies) of genetic susceptibility markers. LLQJ The first, validation, is 
performed in cases for which there is research to validate whether a genetic assay result is a biomarker 
of susceptibility. The latter, utilization, involves the use of genetic markers in epidemiologic studies as 
variables to answer a question about something other than the markers or to use them to screen 
populations, such as during preplacement. For example, a validation study might determine that 
individuals with a particular CYP2D6 polymorphism have a higher risk oflung cancer associated with B 
(a)P exposure than do those without. In contrast, 
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if several well-designed studies document that CYP2D6 is a valid effect modifier for the B(a)P-lung 
cancer relationship, then the marker can be utilized to stratify populations and, possibly, to screen 
individuals. 

Uncertain Meaning of Molecular Marker 

Even if CYP2D6 is validated as a marker of risk associated with B(a) P exposure, the risk will still only 
be a probabilistic statement. Having B(a)P exposure and the high-risk CYP2D6 polymorphism is not a 
100% determinant of disease. In fact, for most diseases, at least for most cancers, assessment of a single 
polymorphic genotype cannot be expected to be sufficient for evaluating individual susceptibility to 
environmental agents. There is a need to establish a broad risk profile involving multiple genes for each 
individual. w There is a small, but growing literature on the combined effects of metabolic genes on 
susceptibility to cancer. For example, Hayashi et al llil described a 5.8-fold relative risk (95% confidence 
interval [CI] , 2.3 to 13 .3) for all lung cancer types and a 9.1-fold relative risk (95% CI, 3.4 to 24.4) for 
squamous cell carcinoma of the lung in Japanese individuals who were homozygous for the CYPlAl 
Val allele and concurrently lacked the GSTMl gene. w llil 

Uncertain Relevance of Molecular Marker 

As data emerge on the combined effects of metabolic genes on disease susceptibility, three issues 
become apparent. First, almost everyone probably has some metabolic polymorphism that is associated 
with an increased risk of cancer. In a subset of workers with potential exposure to the putative toxic 
substrate, there will be a fairly large number with the polymorphism(s) in question. Second, the 
polymorphism may be related to a disease only if other unknown polymorphic genes are involved. 
Third, the assays used to classify people with the polymorphism need rigorous testing before they can be 
acted upon. Llll For example, it must be demonstrated that a specific metabolic phenotype is a risk factor 
for cancer and, further, that the available tests accurately classify the participants as to phenotype. If 
there is a poor correspondence between phenotype and genotype or a larger intraindividual variability in 
phenotype, misclassification may result. 

Further research should serve to elucidate both the meaning and relevance of genetic markers, thus 
enabling improvements in occupational disease prevention. For example, the inability of current risk­
assessment procedures to explicitly account for interindividual variation may result in a significant 
understatement of risk, especially for higher-risk subgroups. [l.1l Many scientists working in the field 
believe that the inclusion of genetic factors, along with refinements in exposure assessment, will serve to 
better explain variation in the distribution of diseases among workers, thus allowing improved risk 
estimates for higher-risk subgroups. [fil [HJ The challenge becomes one of sufficiently validating 
biomarkers so they may become useful in disease-prevention programs. 

Ethical Concerns in the Use of Genetic Research 

Uncertainty over the meaning and relevance of a single metabolic gene or combinations of genes is a 
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source of ethical controversy. If there were certainty that a particular genetic characteristic had an exact 
risk, then the basis might exist for a deliberative societal response. Genetic information derived from 
biologic specimens adds an element of "individqal results" to epidemiologic studies. Further, genetic 
markers may be predictive of health-related outcomes, such as the likelihood of illness or early death. 
Information concerning future morbidity and mortality has a range of social applications. The potential 
for the adverse social application of genetic information leaves groups whose members are asked to 
participate in studies with genetic markers feeling compelled to take extremely defensive positions. The 
distinguishing features of occupational studies, mentioned previously, amplify such concerns. 

To illustrate a social application of genetic information, consider a case in which a polymorphism 
appears to be related to a disease but in which other unknown polymorphic genes are involved--a marker 
that requires validation. From an epidemiologic standpoint, disease "causation," resulting from the 
inherited marker, has not been established. However, in the context of insurance law, causation is 
irrelevant: a statistical link alone can be used to construct a statistically accurate risk classification. If 
this risk classification is predictive of an insured's expected loss, then by denying coverage to an 
affected individual, the insurer is engaging in the socially sanctioned practice of "fair discrimination." rlil 
Although an in-depth discussion of insurance law is beyond the scope of this article, it is important to 
recognize that genetic information has potential social application regardless of its validity in 
epidemiologic studies. 

The example of risk classification in insurance is intended to illustrate how information demands vary 
according to particular societal activities. Validating genetic markers for use in disease prevention 
programs requires a level of rigor unique to epidemiologic investigation. Many societal activities are not 
bound by the same rigor. This difference in information demands enables the intertwining of 
epidemiologic research with other social activities. As a consequence, associations can be construed as 
truths until proven otherwise. Consider the case of a mutation in the gene that codes for monoamine 
oxidase. Affected individuals lacked monoamine oxidase, which to researchers suggested a relation 
between 
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the mutation and "abnormal behavior." Researchers reported being approached by lawyers who were 
hoping that genetic testing might exculpate their clients on death row. r121 

Implications for Future Research 

Concerns over the applications of research findings and research ethics are not new. Professions, 
institutions, and governments have developed guidelines, declarations, and professional codes to 
promote ethical accountability. The four principles, upon which much health-related ethical analysis is 
conducted, are respect for autonomy, beneficence (doing good), nonmaleficence (doing no harm), and 
social justice. Some existing guidelines address vulnerable and dependent groups, but they do not 
directly address the issues related to biomarkers. rm To a greater degree than professional codes, the law 
requires professionals to be aware of and responsive to the concerns of research participants and the 
public at large. Although the norms of beneficence and justice are implicated, the preservation of respect 
for individual dignity and autonomy is the primary goal of legal consent rules. LW 

The notion of responsiveness is a useful one. Researchers have an obligation to be responsive to the 
ethical concerns that relate to biomarker studies. Responsiveness implies that researchers have formally 
evaluated and accounted for the ethical dimensions of a proposed study. The Scientific Group on 
Methodologies for the Safety Evaluation of Chemicals (SGOMSEC) offers a framework for the ethical 
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evaluation of studies that involve biomarkers of susceptibility. [12] The SGOMSEC framework is 
particularly useful because it centers on research ethics instead of on clinical practice. 

The SGOMSEC framework identifies ethical issues that need to be addressed but does not prescribe 
definitive answers. Ethical evaluation is inherently value-laden and therefore involves some degree of 
subjectivity. Researchers or institutions may make different decisions when presented with the same 
circumstances. The following sections explore examples of issues that arise in occupational 
epidemiologic research. The intent is to make some existing controversies and dilemmas more explicit. 
This exploration is prompted by the supposition that if investigators are to be responsive to research 
concerns, there is a need for ongoing dialogue concerning applied ethics. 

Protocol Development 

In addition to the deontological ( duty-based) requirement for scientists to be honest, objective, and 
unbiased, Ll.11 [12l the ethical issues in protocol development arise from whether or not a study involving 
genetic markers should be done in the first place. The ethical issues pertain to the judicious use of scarce 
resources and the diversion of preventive efforts. The conflict is between a focus on molecular genetic 
mechanisms at the expense of research on preventive or control efforts. Clearly, both activities have 
their values. However, with limited budgets, it may be more appropriate to use research funds to effect 
the greatest health benefit. The principles of beneficence and nonmaleficence may be violated by 
mechanistic preoccupations that divert resources from more direct efforts at prevention or risk 
management. Further, the aforementioned example of "fair discrimination" in insurance illustrates how 
individual harm may result from research findings being applied in a social context. Beneficence may be 
best served by biomarker research in cases in which exposures are comparatively high, the disease 
pathway has been elucidated, and the disease is prevalent among a group of workers. In such cases, a 
refined understanding of the specific genetic factors that affect individual susceptibility may serve to 
prevent disease among those at greatest risk. However, there is justification for conducting hypothesis­
generating or mechanism-elucidating studies if the worker population has recognized exposures and 
demographic characteristics and if the research is ultimately expected to contribute to prevention efforts. 

Recruiting Workers 

There are two principle scenarios for obtaining biologic specimens from worker participants. One is that 
in which specimens have previously been collected and banked but for which the study in question 
involves a previously unanticipated assay on the stored specimens. The other scenario involves 
specimens collected for the first time as part of the study. 

With banked specimens, workers have already agreed to participate in a specific study and had 
consented for specimen collection for at least one proposed assay. The ethical issues will revolve around 
what participants agreed to with regard to subsequent assays on specimens. Agreement may range from 
no consent for new assays to "carte blanche" acceptance of any assay and the communication oftest and 
study results that range from no communication to communication only when results are clinically 
relevant. 

The question of whether participants will have to be recontacted to provide consent for a new study can 
depend on the extent to which specimens are anonymous and on the nature of their first consent. Clayton 
et al [.2QJ suggested that anonymous specimens could be treated differently from identified specimens but 
questioned whether there could be truly anonymous specimens. This may be because linkage to 
identifying records can be reconstructed unless records are destroyed, or it may mean that because DNA 
is a personal identifier, "anonymous samples of DNA" is an oxymoron. 
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If the consent form was not explicit in identifying specific assays, the ethical issues become more 
nebulous. For example, a consent form in a cancer study may indicate that "other genetic tests for 
metabolic 
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polymorphisms will be conducted as they are developed" or it may say that "these specimens may be 
used in other studies." The former quotation may be considered an ethically acceptable basis on which to 
proceed with a study of the CYP2D6 genotype and the latter less so, especially because genetic tests are 
often more sensitive than other assays. Hunter and Caporaso rm advocated that consent efforts note the 
distinction between "mutations that have high known risk of disease" and "genetic polymorphisms that 
involve common alleles that are neither necessary nor sufficient for the development of disease, many of 
which are risk factors only in combination with particular environmental exposures or lifestyle factors." 
They suggested that the level of consent required should be proportional to the degree of risk involved 
and thus that less stringent consent procedures may be appropriate for low-risk susceptibility genotypes 
than for high-risk genotypes. This position is in contrast with that of the Ethical, Legal and Social 
Implications (ELSI) Working Group of the National Center for Human Genome Research, which, while 
noting the distinction, indicated that most DNA testing entails enough risk to participants to require very 
explicit informed consent. [Zll:J The ELSI statement did recognize that some research is low-risk and 
eligible for some degree of waiver of the informed consent process, but it did not indicate the criteria for 
this. 

There is an ethical tension between autonomy and nonmaleficence: self-determination versus doing no 
harm. With uncertain information such as that which would arise in a validation or transitional case­
control study that assesses the relationship between B(a)P and lung cancer in people with various 
CYP2D6 polymorphisms, what can be the autonomy a participant might realize? It may be that despite 
the uncertainty of the information, workers may choose to want to know it and act on it in the event that 
it is true. However, workers may want to guard against someone's collecting data on them and putting 
them in a position of having to indicate that they had had genetic tests conducted. The issue of 
nonmaleficence pertains to the investigator who can do harm intentionally by misusing the data or, most 
likely inadvertently, by failing to secure it or by putting the research participants in the aforementioned 
position of having to indicate that genetic tests were conducted on them. 

For specimens obtained in a new study (as compared with one that involved previously banked 
specimens), there is the problem of degree of uncertainty about what the research participants are 
agreeing to and the extent to which they agree to future uses of their specimens. In both new and banked 
specimens collected in studies of workers, there is the belief that truly informed consent cannot be 
achieved for genetic tests because workers are not truly informed or truly free to withhold consent. !lll 

For the former condition, workers are rarely told that confidentiality can never be guaranteed in the face 
of court-ordered discovery or public health needs or that economic or social harm is likely to result if 
genetic information is available to insurers, employers, family members, or the media. With regard to 
consent, there is belief that a coercive economic or employment environment, or a misperception of 
what is being consented to, will lead to the supply of a signature when it might not otherwise be 
provided. [llJ Additionally, consent for specimen-banking may have transgenerational implications, 
especially for high-penetrance genes. What a parent agrees to may affect the progeny or 
intragenerational siblings. For example, in the context ofBRCAl testing, Ashkenazi women have 
expressed fear over the effect that testing might have on the well-being of their families and their larger 
community. [llJ One concern is that Ashkenazi women may be permanently disadvantaged as a group if 
their genetic disposition is perceived to render them likely to manifest health problems. 
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Assurance of Privacy of Participants and Confidentiality of Specimens and Data 

Genetic material (DNA) has the potential to be a source of information that can potentially be harmful to 
research .participants or their families because of discriminatory practices or unwarranted actions. llil The 
likelihood that this potential will be realized is not known and may be smaller than current public or 
institutional review board opinion indicates. This is because there is a misconception that biologic 
specimens are closer to truth than questionnaire data, exposure assessments, or information obtained 
from record reviews. [Q] Nonetheless, we are in an era in which DNA and genetic-related information is 
likely to be misused. Many have identified a reductionist tendency in the biologic sciences that is 
exemplified by a focus on gene structure and identification of single genes or mutations as the cause of 
complex diseases with multifactorial etiologies or social problems. [ll [2§.J [211 [2Sl In such an era, it is not 
unrealistic for workers presently to refuse participation in research when historically they have 
participated. Moreover, much of the genetic research in the workplace environment appears to be 
motivated by public health concerns aimed at providing only mechanistic insight. The results may 
nonetheless be used inappropriately to discriminate or deny compensation. DNA analysis results, used 
for improper or nefarious purposes, can put workers at risk of various types of discrimination. Thus, not 
only access to results of assays but also access to DNA for other types of testing needs to have 
safeguards for workers. 

Additionally, as noted earlier, because study populations are usually in defined locales and 
organizations, 
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the assurance of confidentiality is difficult. Publication of results on small groups of workers with 
assorted covariates and descriptors can lead to the inadvertent identification of participants. 

Communicating Test and Study Results 

Researchers trying to find relationships between exposures and diseases in workers often argue that 
informing participants about such studies should be minimal and confined to clinically relevant results. 
Worker participants seeking decisional autonomy and the ability to protect themselves from the misuse 
of their information may want fully "informed" consent and disclosure. Institutional review boards, in 
the face of uncertainty about the meaning of specific genetic markers, may lean toward maximum 
consent before validation studies may be conducted. This could mean that consent must be obtained in 
advance of every analysis and that individual debriefing must be administered about each identifiable 
finding. Employers, seeing preliminary information about potentially at-risk workers, may respond by 
screening out such workers. Employers may perceive screening as a means of reducing liability. The 
ethical issues in occupational epidemiologic research do not directly pertain to screening workers for 
employment and job placement purposes; rather, they involve recruiting workers into studies, keeping 
information confidential, and communicating test and study results. However, as will be discussed later, 
the use of genetic markers to screen workers should not be ignored. 

Biologic test results pertain to individuals, whereas epidemiologic study results pertain to groups. Taken 
together, it may be possible, qualitatively if not quantitatively, to fashion an individual risk function. [l2J 

Sorting this out in communicating to study participants is difficult. In the face of uncertainty about 
disease, such as might be the case in transitional or validation studies, some researchers and institutions 
strongly believe that no communication is better than an uncertain one(s). In part, it is the tension 
b~tween autonomy and nonmaleficence that is at issue. [NJ A recent international workshop on 
susceptibility biomarkers concluded that in studies to establish the sensitivity, specificity, and predictive 
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value of a new test, participants should not have access to individual results until a clear interpretation is 
available and that participants should be advised of this at the time that informed consent is obtained. [l2l 

Even when it is believed that autonomy is the driving force, it is difficult to determine what to tell study 
participants. For example, consider a study that we are conducting of hospital workers exposed to 
ethylene oxide (EtO). The current part of the study involves the question of whether workers with a 
particular polymorphism in GST theta ( deletion of GSTTl) are likely to have more DNA or hemoglobin 
adducts or cytogenetic changes than are individuals with the functional allele. However, the informed 
consent and results notification need to address the risk of cancer from EtO exposure in people with this 
polymorphism, even if it is not the specific focus of the study. How should this risk be portrayed? 

The risk associated with the null form of GST theta might be conceptualized as follows: Even if a prior 
study showed a twofold risk of developing leukemia among individuals with the null form of the gene 
who are exposed to EtO, and no risk among individuals with the functional form of the gene, a particular 
individual exposed to EtO with the null form of the gene would not necessarily have a twofold risk of 
developing leukemia. Factors that may be at play in determining susceptibility to a particular carcinogen 
are the level of exposure, activity of metabolic enzymes that convert the substance to the active 
carcinogen (based both on genetic factors and concomitant exposure to enzyme inducers), variations in 
activity of competing metabolic pathways (for some substances) and of enzymes that detoxify the active 
form of the carcinogen, as well as constitutional and environmental factors that might influence DNA 
repair (and probably a number of other factors). The researcher might conclude that the presence of the 
null form of GST theta need not be of substantial concern to study participants because an individual 
with this single trait might have a leukemia risk that is either higher or lower than that of similarly 
exposed coworkers if all possible factors were accounted for. 

It is difficult to explain in a notification letter that the overall risk associated with a genetic factor in the 
study does not necessarily apply to an individual. We tried to explain this concept in the draft letter that 
notified study participants of their GST result, by saying: "The absence of this gene may be related to a 
person's risk of cancer if exposed to EtO, but this is not certain. This study will not answer questions 
directly about what chemical exposures can trigger cancer. However, the study will address how the 
absence of the gene influences how the body processes EtO." The underlying issues are how population 
or overall risk relates to individual risk and how we can communicate information about population risk 
without creating undue concern ( especially for genetic factors over which there is no control). The 
communication of complex genetic information is always likely to be a challenge for investigators. 

There has been little research on the impact of individual results resulting from medical investigations 
on the worker participants notified. In general, not much is known about what laypersons understand 
about genotyping, genetics research, and the role of alleles as probabilistic moderating variables in the 
etiology of disease. The experience of genetic 

645 

counselors offers some insight into the impacts of notification in the context of reproductive planning. 
This experience suggest that the laypersons being counseled have difficulty interpreting probabilistic 
statements of risk. They tend to shift the focus from risk to outcome and the subsequent burden that 
results. Knowledge about being at risk and the potential impact of what might occur can contribute to 
psychologic stress. [ill [m In blood pressure screening programs, the labeling of individuals as "at-risk" 
has resulted in adverse physical and psychologic health in participants. [ill Workers who have had an 
accidental high exposure, who themselves have been diagnosed with cancer, or who have close family 
members with the disease may have heightened sensitivity to even the suggestion that they are at 
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increased risk. These examples illustrate the tension that may exist between the principles of autonomy 
and nonmaleficence. Ethical evaluation may serve to inform researchers about how to best balance this 
tension. 

On the horizon, far more complicated questions may emerge as investigators attempt to inform subjects 
of multiple genetic marker studies such as those that might be conducted with high-throughput DNA 
chips: technology that can screen for multiple polymorphisms in a single assay. [lli Those results may not 
only yield multiple findings but may yield findings that integrate markers of exposure, susceptibility, 
and preclinical conditions in one set of outputs. These data may lead to entirely new ways of defining, 
classifying, diagnosing, and treating disease. 

Finally, it may not be appropriate to discuss research-related issues for genetic markers without 
considering how they will be used once they are validated. Researchers have responsibilities in this 1 

regard from a number of perspectives. First, in the current climate, there is economic pressure to use (or 
market) genetic tests before they are completely validated. It is imperative that researchers assess 
whether the appropriate validation studies (including determination of the predictive value) have been 
conducted. r.NJ This would also include assessing the underlying prevalence of the marker. Second, the 
application of genetic tests for preemployment screening needs to have protections from discrimination 
and stigmatization, including stipulations of confidentiality. Currently, in the United States and in the 
European Community, legislation is being drafted to address the use of genetic testing in workers. 
Although these issues are not in the disciplinary purview of occupational epidemiologists, these 
researchers need to be aware of them so as not to be naive about the ethical implications of their work. 
Third, in the limited instances in which genetic tests may be justified for employment or job-placement 
screening, the effectiveness of this practice, as well as its adverse consequences, must be carefully 
monitored and evaluated. Ll.2.l r.NJ lHl r1il l.121 These evaluations may require expertise from a range of 
disciplines, and, therefore, ongoing dialogue concerning the applied ethics is essential. 

Conclusions 

There is a need for clear policy and guidelines for the conduct of occupational epidemiologic studies 
using genetic material. Such a policy should address the issues of recruiting, informed consent, 
confidentiality, privacy, communication of test and study results, and follow-up. The policy should also 
distinguish single-disease genes from metabolic genes and newly initiated studies from those using 
banked specimens. 
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