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Abstract

The existence of pronounced differences in health outcomes
between US populations is a problem of moral significance
and public health urgency. Pursuing research on genetic
contributors to such disparities, despite striking data on the
fundamental role of social factors, has been controversial.
Still, advances in genomic science are providing an under-
standing of disease biology at a level of precision not previ-
ously possible. The potential for genomic strategies to help
in addressing population-level disparities therefore needs to
be carefully evaluated. Using 3 examples from current re-
search, we argue that the best way to maximize the benefits
of population-based genomic investigations, and mitigate
potential harms, is to direct research away from the identifi-
cation of genetic causes of disparities and instead focus on
applying genomic methodologies to the development of
clinical and public health tools with the potential to amelio-
rate healthcare inequities, direct population-level health in-
terventions or inform public policy. Such a transformation
will require close collaboration between transdisciplinary

teams and community members as well as a reorientation of
current research objectives to better align genomic discov-
ery efforts with public health priorities and well-recognized
barriers to fair health care delivery.
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Significant and pervasive differences in disease inci-
dence, prevalence, morbidity, and life expectancy persist
between populations within the US [1, 2] as well as among
nations globally [3]. Clearly, the existence of such pro-
nounced differences in health outcome is a problem of
moral significance and public health urgency. A large
body of research has implicated an array of nongenetic
contributors, including racial discrimination, low socio-
economic status, environmental hazards and exposures,
psychosocial stress, reduced access to health care, poor
doctor-patient communication, low levels of health lit-
eracy, and cultural factors [4, 5]. The relative role that ge-
netic factors play in group-level differences in health out-
come has been more controversial [5, 6], despite recogni-
tion that interindividual differences in susceptibility can
be relevant to health [7]. Nevertheless, there has been sig-
nificant interest among genome scientists in investigat-
ing genetic contributions to population health differenc-
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es, based on the assumption that genes could play a great-
er contributory role than public health experts expect
[8-10]. Critiques of such research have focused largely on
the potential harms associated with ascribing genetic
predispositions to socially defined groups [11, 12]. Oth-
ers, however, have also questioned the presumed benefits
of genetic research, suggesting that genomic discoveries
are unlikely to have any significant effect on the elimina-
tion or reduction of disparities [13].

While this debate remains largely unsettled, the tools
of genome science are playing an increasingly central role
in biomedical research. There is good reason for an in-
creasing focus on genomics in health-related investiga-
tion: genome-wide association studies and sequencing
technologies are expediting gene discovery, and related
molecular approaches (including gene expression and pro-
teome studies) offer powerful new strategies for under-
standing disease biology at a level of precision not previ-
ously possible. Given their importance in current research,
we argue that these research tools need to be carefully
evaluated for their potential to help in addressing popula-
tion health disparities, while giving due weight to the ca-
veats of bioethicists and population health experts [13, 14].

To do this, we first consider what the near-term health-
related benefits of genomic research are likely to be. Then,
with the help of examples, we examine how these benefits
might relate to the address of specific health disparities.
As we will argue, the best way to maximize the benefits
of population-based genomic investigation and mitigate
the harms is to direct research away from the identifica-
tion of genetic causes of health disparities and instead
focus on applying genomic methodologies to the develop-
ment of clinical and public health tools with the potential
to ameliorate health care inequities, direct population-
level health interventions or inform public policy. In oth-
er words, finding a place for genomics in health dispari-
ties research may be more a matter of refiguring the ulti-
mate translational objectives of current research projects
[15, 16] than identifying to what degree genes do or do
not contribute to different disease outcomes in different
communities.

Health-Related Benefits of Genomic Research

Building on the successful foundation of the Human
Genome Project [17], the genome sciences are now ex-
panding their clinical focus [10]. A trickle of clinical ap-
plications has begun to enter practice, and many more
health-related benefits are anticipated.

Genomics and Health Disparities

First Benefit of Genomic Research: New Knowledge

We can predict with certainty that genomic research
will provide new knowledge about the many health con-
ditions for which disparities are seen. Over the past de-
cade, dramatic progress has occurred in the identifica-
tion of genetic contributors to both Mendelian diseases
[18] and common complex diseases [19]. A few promising
examples - e.g. research on inflammatory bowel disease
[20, 21] - point to the potential for gene discovery to in-
form basic science, allowing for increasingly precise dis-
section of the molecular biology of complex diseases. In
the case of inflammatory bowel disease, for example,
gene discovery efforts have led to increased understand-
ing of the role of several different biological pathways
in disease etiology, helped to clarify overlap in different
clinical conditions and offered hints about new therapeu-
tic interventions [20]. This research effort can in turn
lead to predictive testing and new insight into treatment.

First Health Application: Genetic Testing

As gene-disease associations are validated and extend-
ed to diverse populations, tests can be created for diagno-
sis or risk prediction, i.e. tests to direct specific treatment
decisions. The most obvious benefits from this approach
relate to Mendelian diseases; tests can provide definitive
diagnoses, often offer prognostic information and, where
treatments are available, contribute to clinical manage-
ment. Progress has been particularly notable in cancer
genetics. For example, genetic testing can identify in-
dividuals with inherited risk for breast and ovarian or
colorectal cancer; screening and related interventions
lead to cancer prevention and detection of cancers at ear-
lier and more treatable stages [22, 23]. Tests are also being
developed to predict drug response [24] and risk for com-
mon complex diseases [25, 26]. The scope of benefits from
such tests is not yet clear, but some promising tests have
already entered clinical practice. For example, several
tests to guide drug use are now available [27]. One of the
most promising is a test for an HLA variant that predicts
the likelihood of adverse and potentially life-threatening
skin reactions to abacavir, a reverse transcriptase inhibi-
tor used in the treatment of HIV-AIDS [28]. An HLA
variant can identify the minority of patients who are at
risk for this reaction; the drug can be safely prescribed to
those who do not have the variant. Another promising
area is testing to refine disease classification. For exam-
ple, gene expression profiling of early stage breast tumors
provides information about likelihood of recurrence and
can be used in chemotherapy decisions [29]. Testing can
be used to identify those women who can safely avoid
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chemotherapy because of their low risk of recurrence,
thus reducing the morbidity of treatment.

Longer Term Hope: Improved Drug Development

As genomic and related tools move toward an im-
proved understanding of the molecular biology of dis-
ease, there is hope that this effort will open up new path-
ways to drug targets and molecules with therapeutic po-
tential [30]. There are a few early examples that illustrate
how genomics has assisted in novel drug development -
e.g. Herceptin as a targeted therapy based on genetic
characteristics of breast tumor [31]; the development of
imatinib followed by the rapid expansion of tools to ex-
plore the therapeutic potential of kinase inhibitors and
tumor-specific proteins [e.g. 32, 33]. Intuitively, a more
precise understanding of disease biology should open up
a range of new therapeutic opportunities. Because this
aspect of genomic discovery is still in its infancy, how-
ever, the scope of benefits is not yet known - nor is the
extent to which new therapies will be targeted, e.g. pro-
viding benefit to a subcategory of patients identified by
genetic testing, as opposed to treating patients based on
signs or symptoms.

Health Disparities-Related Benefits of Genomic
Research

As our brief review confirms, genomic research has
considerable promise for improving individual health
care. However, the potential for new genomic discoveries
to reduce disparities or improve overall population health
is less clear. Before considering specific examples which
suggest promise for addressing health disparities, it is im-
portant to clarify two sets of related distinctions: (1)
health versus health disparity, and (2) improving health
care versus improving health.

Health versus Health Disparity

Most health conditions, including those that play a
prominent role in population health disparities, are in-
fluenced by genetics. Understanding the genetics of a dis-
ease might lead to a better understanding of the problem,
and from there to genetic tests to aid clinical care and
possibly to new drugs or treatment strategies. These out-
comes would have the potential to improve disease pre-
vention and management, but none would necessarily af-
fect health differences between populations. Type 2 dia-
betes mellitus (T2DM), for example, is more prevalent in
African Americans, Native Americans, Hispanics and
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Pacific Islanders, compared to European Americans, and
is an important contributor to population differences in
morbidity and mortality. Multiple genetic contributors to
T2DM have been identified, and there is hope that such
discoveries will provide health benefits [34]. Over time,
research will clarify how genomic differences, likely in
combination with myriad well-documented social and
environmental factors [35, 36], contribute to risk for
T2DM and its complications. While a number of poten-
tial benefits may result from this research (e.g. new path-
ways for drug development), these benefits may or may
not yield insights into population disparities. Only when
interventions address the root causes of population dif-
ference will they address the health disparity, as opposed
to the health condition itself.

Improving Health Care versus Improving Health

If genomic observations lead to new tests or ideas for
treatment, these could improve health care significantly.
Given how limited and imperfect the management op-
tions are for many health conditions, including diabetes,
this goal is an important focus for translational research
[37]. However, from the perspective of overall population
health, the delivery of clinical care is a relatively small
factor [38, 39]. Major advances in population health have
largely come from public health interventions such as
those to assure clean air, clean water and other improved
living conditions. The main exceptions are in the areas of
maternal health [40] and vaccination [41]. In considering
the role of genomic research in addressing health dispar-
ities, therefore, the potential to inform population level is
an important consideration even though the most imme-
diate and obvious health benefits of genomic research are
likely to apply to clinical care.

Some Examples

With these distinctions in mind, it is reasonable to ask
whether new knowledge resulting from genomic research
holds the potential to improve health outcomes specifi-
callyin individuals from populations experiencing health
disparities, and as a result, decrease disparities. As long
as social factors sustain disadvantage in access to bene-
fits, such as health care, employment, education, and safe
housing, even positive effects of genome-based therapeu-
tics are likely to be modest at most [42, 43]. To illustrate
the challenges involved in shifting genomics toward a fo-
cus on reducing health disparities, we will walk through
3 examples of genomic research that hold promise for ad-
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dressing specific disparities but also have the potential to
have minimal impact or widen existing gaps.

Asthma

One example that demonstrates the potential for ge-
nomic information to inform broad public health inter-
ventions comes from recent research highlighting the role
of gene-environment interactions in childhood asthma
[44]. In the US, African American and Puerto Rican chil-
dren have disproportionally high rates of asthma morbid-
ity and mortality compared to other racial and ethnic
groups, though within all population groups poor and
near-poor children have higher rates than those of higher
socioeconomic status [45]. A number of environmental
exposures have been implicated in asthma outcomes, in-
cluding air quality [46]. A growing body of evidence also
points to a contribution of genetic variation in pathways
that detoxify reactive oxygen species present in air pollu-
tion to both asthma incidence and severity [47]. For ex-
ample, individuals with deletions of glutathione-S-trans-
ferase Mu 1 gene (GSTMI) have been observed to have
higher sputum neutrophil and macrophage counts fol-
lowing ozone exposure as well as increased risk of asthma
[48, 49]. These negative outcomes are thought to occur
because those with GSTM1 null mutations, which are
present in almost half of the population in most ethnic
groups, are unable to respond to oxidative stress [50, 51].

Three potential pathways to health-benefit from such
research are of particular interest. First, children with
GSTMI null mutations could be provided antioxidant
supplementation via vitamins. There is preliminary evi-
dence that such supplementation may help compensate
for genetic susceptibility to ozone exposure and improve
lung function [52, 53]. However, because the prevalence
of the risk genotype does not track with health outcome
disparities, this option may do little to remedy current
disparities. Second, data on the increased risk conferred
by GSTM1I null mutations, and their high prevalence in
multiple populations, could be used to advocate for more
stringent national air quality standards. This policy ap-
proach would decrease exposure to reactive oxygen spe-
cies broadly [49]. Finally, algorithms that integrate both
genotype and local air quality data could be used to iden-
tify families, apartment buildings, neighborhoods, or cit-
ies with increased asthma risk to target for home or em-
ployment-focused air quality interventions. Of the latter
2 pathways, the second option is most likely to generate
health-disparities benefits, even though it does not inter-
vene specifically on genetic risk. This is because African
American and Puerto Rican children, as well as poor

Genomics and Health Disparities

children of any racial and ethnic background, are more
likely to live in areas with high rates of air pollution, for
example, urban centers or near busy highways [54].

Preterm Birth

Another example where genomic information could
hold potential involves the identification of genetic de-
terminants of preterm birth. African American women
have dramatically higher rates of preterm birth compared
to other populations, though overall rates of preterm
birth in the US are high [55]. The causes of this disparity,
and the reasons for its persistence, are still unknown.
Specific social and psychological risk factors have been
identified, i.e. access to health care and perceived racism,
but the disparity persists after controlling for these fac-
tors [56, 57]. The growing focus on the contribution of
genetic factors to the higher rates of preterm birth expe-
rienced by African American women [58, 59] is an area
where increased knowledge of disease biology and gene-
environment interactions gained through genomic re-
search may lead to the development of new and highly
effective therapies.

Genetic research exploring determinants of preterm
birth in African American women has identified several
polymorphisms associated with increased risk, including
variants in a currently undefined susceptibility locus on
chromosome 7 [60], tumor necrosis factor alpha (TNF-a)
and tumor necrosis factor receptors 1 and 2 (TNFRI,
TNFR2) [61], cytokines and cytokine-related genes [61],
and in genes involved in infection and inflammation,
including interleukin (IL)-12 and IL-12RB [62]. Though
these observed genetic associations have been modest
and for the most part unreplicated [55], they suggest that
genetic variation contributing to variation in inflamma-
tion, maternal/fetal stress, uterine distension, decidual
hemorrhage, and/or enzymatic metabolism may contrib-
ute to risk of preterm birth [59]. To the extent that genet-
ic research can lead to a better understanding of these
pathophysiologic pathways and the ways in which they
interact with known social and environmental risk fac-
tors, new therapeutic options may result. Building on past
experience in obstetric care, highly effective therapies
that are informed by molecular biology but are also cheap
and widely accessible could have the potential to help
lower rates of preterm birth overall, i.e. health-benefit,
but specifically for at-risk populations including African
American women, i.e. health-disparities benefit. Innova-
tive approaches would not replace the need to extend ac-
cess to basic prenatal and perinatal care [40, 63], but could
potentially provide added value. But, if the new therapies
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generated are inaccessible in resource-poor environ-
ments in which women at increased risk for preterm birth
disproportionally reside, disparities will only increase.

Chronic Kidney Disease

Finally, recent identification of previously unrecog-
nized genetic risk factors for distinct forms of chronic
kidney disease has suggested promise for the address of
kidney disease disparities. African Americans’ cumula-
tive lifetime risk of end-stage renal disease is approxi-
mately 7.5%, while Caucasian Americans’ is 2.1%, with a
disparity remaining after adjusting for socioeconomic
status and lifestyle, as well as clinical factors [64]. Genet-
ic variants associated with risk of numerous kidney dis-
ease phenotypes, including end-stage renal disease, were
discovered in the gene encoding non-muscle myosin
heavy chain type II isoform A (MYH9) [64, 65] and the
adjacent apolipoprotein L1 gene (APOLI) [66]. Variants
in the APOLI gene appear to be most strongly associated
with disease and apparently account for much of the ra-
cial disparity in rates of focal segmental glomerulosclero-
sis and hypertensive end-stage kidney disease. Moreover,
a targeted role for genetic testing in clinical care has al-
ready been proposed, e.g. as a way to identify HIV-AIDs
patients at greatest risk of renal failure [67, 68]. Specifi-
cally, genetic testing could be used to inform decisions
about when to introduce antiretroviral therapy based on
a patient’s risk of HIV-related kidney disease based on
APOLI genotype as well as guide decisions about aggres-
siveness of potentially nephrotoxic therapies [68]. Genet-
ic testing might also help to direct appropriate manage-
ment of hypertension in individuals at increased risk for
chronic renal failure [67-69].

However, caution is in order. The penetrance of the
risk genotype appears to be very low [67]. As a corollary,
other environmental, social or genetic factors may be im-
portant modifiers determining which individuals with
the risk genotype will develop renal failure. From the per-
spective of disparity, a better understanding of the other
factors contributing to renal failure in individuals with
the APOLI risk genotype may be critical in determining
how genetics can best contribute to improved health out-
comes. Testing to improve the management of individu-
als at risk - e.g. individuals with hypertension or other
renal risk factors who are found to carry the risk geno-
type — may lead to measurable improvements in renal
outcomes. But if the modifying factors include social or
environmental factors amenable to public health action,
the benefit could be much greater. Additionally, though
variants in MYH9 and APOLI occur at a higher frequen-
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cy in individuals of African ancestry, they do occur in
other populations and are also associated with increased
risk [70]. In fact, one study found that Hispanic Ameri-
cans with APOLI risk-variants had greater risk of end-
stage renal disease than African Americans [71]. To date,
only a handful of studies have looked at MYH9 and
APOLI variants in non-African ancestry populations
[68]. If this lack of diversity is not remedied before the
introduction of testing into clinical care, it is likely that
many individuals, when tested, will receive indetermi-
nate or inaccurate information.

Reaching for a Transformative Vision

As the chosen examples illustrate, recent observations
in the genome sciences show promise for elucidating gene-
disease associations and biological pathways of relevance
to population health disparities. To transform these, and
related, preliminary promising findings into clinical and
public health interventions with maximum potential to
address persistent health disparities, current research ef-
forts must incorporate greater consideration of long-term
translational objectives. Doing this well will require ge-
nome scientists to collaborate to unprecedented degrees
with public health scientists, community health workers
and members of affected communities in an effort to
identify the feasible interventions that will best advance
public health as well as treatment and prevention.

First, genome scientists must acknowledge strong evi-
dence for the role of social and environmental determi-
nants in many health outcome disparities and ask not
whether genes play some additional role in risk predispo-
sition, but rather how genomic information could be bet-
ter used to direct population-scale health interventions.
For example, GSTM1 population prevalence data noted
above suggests potential with respect to broadly inform-
ing air quality standards. Such policy implications are
significant because they suggest profitable avenues for fu-
ture research. Specifically, rather than focusing on the
identification of additional asthma susceptibility vari-
ants, efforts might be better spent in carefully dissecting
gene expression changes in populations predominantly
exposed to particular classes of pollutants, e.g. agrarian
populations, urban populations, communities situated
near refineries or airports, with the aim of identifying the
types of particulate matter most relevant to disease risk.
Or, research teams could synthesize local data on aggre-
gate genetic susceptibility to advocate for state or county-
wide policy changes or develop interventions that target
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the family or neighborhood level, for example, providing
air purifiers to homes with multiple genetically suscep-
tible children [72]. The robust design of any such study
would, of course, rest on close collaboration with envi-
ronmental scientists and community partners.

Second, genome scientists must acknowledge the po-
tential for genetic tests and targeted treatments to exac-
erbate existing health care disparities and strive, wher-
ever possible, to produce knowledge that will be readily
transferable to low-resource settings and simplify care
and/or prevention. For the case of current work focused
on genetic contributions to preterm birth, for example, it
is imperative that resulting therapies not only be inex-
pensive and easily obtained (made available, perhaps, in
nonclinical settings), but also nonstigmatizing and long-
acting, in order to maximize uptake by the women al-
ready recognized to be a greatest risk. Recognizing com-
munity-based realities from the earliest stages of the
translational cycle may help better direct discovery, where
any one of a number of promising candidate avenues of
investigation are available for subsequent development.
Such recognition can only be achieved by interacting
with the health care providers and community health
workers who know best how pertinent health outcome
disparities are experienced.

Conclusion
Debates surrounding the role of genomics in health

disparities research will persist as long as genomic re-
search remains focused on explaining population health
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