
Research priorities for public health sciences in the
postgenomic era
Public interest in human genome research hinges on its

promise for improving human health, perhaps the ultimate
ambition of the Human Genome Project.1

Sequencing the genome ahead of schedule has raised expec-
tations that health benefits will follow quickly. However, new
gene discoveries have thus far had little impact on preventive
medicine, giving rise to some skepticism about the ultimate
value of genomic information for preventing common
diseases.2

How will research findings in genomics be translated into
information for preventing disease and improving health? In
his commentary,Omenn3makes a strong case for public health
sciences as part of the answer. This assertion at first seems
incongruous with the popular notion of genetics as the key to
individualized medicine. However, as Omenn notes, human
genetics and public health sciences share certain essential per-
spectives: a focus on populations, interest in variation, and
recognition of the importance of social context. Genetics
bridges clinicalmedicine and public health by extending coun-
seling and treatment beyond the individual to families. Epide-
miologic studies generate hypotheses and test them in clinical
trials before intervention is recommended to individual pa-
tients. In the end, public health sciences are the tools for un-
derstanding gene-environment interactions at the core of
nearly all human diseases. In addition to epidemiology and
biostatistics, these tools include specializedmethods for study-
ing health effects of the physical and chemical environment
(“ecogenetics”), the microbial milieu (“pathobiology”), hu-
man behavior, and the organization of health services.
Where should the public health sciences focus first to begin

translating genomic research findings into health information?
We propose three priority research areas that clearly call for a
public health approach:

● Understanding genomic factors in health of populations.
● Examining the value of genomic tests for screening and
prevention.

● Assessing family history as a tool for prevention.

Because the success of this research agenda depends on
broad participation by an informed community, we also advo-
cate further investment in better ways to communicate about
genetics.

Understanding genomic factors in the health of populations

The basic science of public health genomics is “human ge-
nome epidemiology,” the set ofmethods for collecting, analyz-
ing, and synthesizing population-based data on the distribu-
tion of gene variants, gene-disease associations, and gene-

environment and gene-gene interactions.4 Epidemiologic
studies are needed to estimate the absolute, relative, and attrib-
utable risks required to gauge the effects of genomic factors in
the health of individuals and populations. To yieldmeaningful
inferences, these studies must be conducted systematically in
populations defined by geopolitical boundaries, rather than
limited to the more genetically homogeneous families or
groups in which susceptibility genes are usually first identified.
For example, BRCA1 mutations were first associated with
breast cancer in epidemiologic studies of large, multicase fam-
ilies; however, because of other shared, unmeasured genetic
and environmental factors, the absolute risk of breast cancer is
higher in these families than in families with only one affected
member or none at all.5 Generalizing risk estimates frommul-
ticase family studies to the entire population of women with
BRCA1mutations would bemisleading and could cause harm,
subjecting women to excessive anxiety and unnecessary
treatment.
Most cases of breast cancer and other common chronic dis-

eases are thought to arise from interactions among multiple
genes, environmental exposures, and behaviors over a long
period of time. Although a person’s genetic sequence is deter-
mined at conception, gene expression varies continuously
among tissues, in response to environmental stimuli and with
age, reflecting cumulative effects over the course of a lifetime.
The interactions of gene products with each other and with
other factors in theirmilieu reflect an underlying complex “ge-
netic architecture.”6 While technical advances continue to in-
crease the capacity of epidemiologic studies to carry out large-
scale genotyping and measurement of biomarkers, the ability
to assimilate, synthesize, and interpret the data has not yet fully
caught up. New methods are needed if these data are to be
translated into useful information for predicting disease and
guiding interventions.
A special challenge for public health is the integration of

genomics into the public health response to cancer clusters,
outbreaks of infectious diseases, acute effects of toxic expo-
sures, or adverse events following vaccination. The capacity
to measure genetic variation, gene expression, and biomar-
kers will enhance the acuity of public health investigations.
For example, variation in the paraoxonase (PON1) gene has
been associated with acute and long-term health effects of
exposure to certain organophosphate pesticides widely used
in agriculture. Recognizing this variation in susceptibility
can help define the health impact of pesticide exposure and
inform policies to protect the safety and rights of farm
workers.7
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Examining the value of genomic tests for screening and prevention

Extensive media coverage of genomic discoveries has fueled
the public appetite for personalized medicine and a rush to
develop and market new genomic tests,8 often without the nec-
essary intervening research. Public health sciences have an im-
portant role in evaluating the validity and utility of genomic
tests, which include not only DNA-based tests for single gene
variants, but complex genotypes, tests for acquired mutations,
and measures of gene expression, from RNA microarrays to
biochemical assays. Before a genomic test can be used for epi-
demiologic research or clinical practice, laboratory compari-
son with a gold standard must demonstrate analytic validity.
Epidemiologic studies are needed to establish clinical validity
(sensitivity, specificity, and predictive value). Many different
disciplines, including behavioral and social sciences, will con-
tribute to assessing a test’s clinical utility—the sum total of
benefits and risks accruing from testing and the ultimate mea-
sure of a genomic test’s added value.

Public health policies backed by research are necessary to
balance the intense commercial interest in genomic screening
tests as a new opportunity for direct marketing to individu-
als.9,10 Health services research will provide important infor-
mation on the availability, determinants, extent, and patterns
of use of genomic tests. Policies regarding genomic testing re-
quire ongoing evaluation in the evolving social context of eth-
ical principles, legal requirements, and social concerns. In par-
ticular, principles of population screening—the traditional
domain of public health—will require rethinking in the age of
genomic medicine.11

Assessing family history as a tool for prevention

Until recently, research on genetic factors in disease has been
limited almost exclusively to analysis of single, highly pene-
trant gene variants (e.g., BRCA1), which because of their rarity
account for only a small proportion of cases of common dis-
eases. The remainder likely result from complex gene-environ-
ment interactions that remain poorly understood. Although
methods for studying these interactions are still at an early
stage of development, family history provides another poten-
tial measure of shared genetic risk, as well as the influences of
common diet, behaviors, and other nongenetic factors.

A public health research agenda for evaluating family history
as a source of “genomic” data for prevention requires an in-
strument that is relatively simple, can be used in combination
with other risk factors to stratify risk (high, moderate, or aver-
age), and is useful for directing interventions.12 For example,
individuals or families at high risk could be offered a genetic
evaluation (perhaps including genetic testing), while those at
moderate risk are targeted for more intensive screening or life-
style interventions. An interdisciplinary, public health research
effort—including behavioral and social sciences—is required

to evaluate family history as a tool for effecting positive
changes in health behaviors and improved health outcomes.

Communicating about genetics

Ultimately, the potential of genomic research for improving
health hinges on broad public participation in research. Public
health scientists are well situated to help engage communities
in setting the research agenda and balancing individual and
social concerns, such as privacy and information sharing. A
public health perspective can enhance the ongoing dialog
about informed consent and confidentiality and can enhance
the communication of research results to individuals, families,
and communities.13

Public health scientists can help keep the “public” connected
with the “science” by promoting meaningful communication
about genomics among research organizations, professional
groups, public health agencies, and the public.14 These efforts
will encourage collaboration and help bridge individual and
community perspectives, enhancing the potential return on
public investment in genomic research.
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