
Rethinking Our Public Health Genetics Research Paradigm
Since the sequencing of

the human genome, tremen-

dous resources have been

dedicated to understanding

how genetic determinants

may drive the production of

disease. Despite some suc-

cesses, the promise of genet-

ics research in these areas

remains largely unrealized.

The focus on isolating

individual (or clusters of)

genes that may be associ-

ated with narrowly defined

phenotypes in large part ex-

plains this discrepancy. In

particular, efforts to identify

genotypes associated with

narrow phenotypes force

the field to use study designs

that capitalize on homoge-

neous samples to minimize

the potential for competing

influences or confounders,

which imposes important

limitations on understand-

ing the role of genes in

human health.

We argue that a popula-

tion health genetics that

incorporates genetics into

large, multiwave, multilevel

cohorts has the best poten-

tial to clarify how genes, in

combination and with the

environment, jointly influ-

ence population health. (Am

J Public Health. 2013;103:

S14–S18. doi:10.2105/AJPH.

2012.301127)
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IT IS NEARLY IMPOSSIBLE TO

overestimate the influence that
genetics has had on the health
research enterprise in the United
States and throughout the world.
The National Institutes of Health,
the world’s dominant funding
source for health research, spends
nearly a sixth of its overall oper-
ating budget on research in ge-
netics, and that proportion con-
tinues to grow.1 Concomitant with
this investment, scientific output
in genetics has exploded: the
number of studies published ex-
ploring genetic associations in hu-
man health has nearly quadru-
pled, from just more than 2500
published in 2001 to just fewer
than 10 000 in 2010.2

GENETICS IN PUBLIC
HEALTH: THE FIRST
10 YEARS

The first decade of the “geno-
mics revolution” in biomedical re-
search has been dominated by
clinical medicine. Guided by
a concern about how genetics can
improve clinical diagnosis and
treatment, research has focused on
identifying causal genetic variants
for particular disease phenotypes.
The hope is that such research
will inform drug development, im-
prove the capacity to target ther-
apies to both intercellular genetic
pathways and particular patient
populations, and improve clinical
outcomes. These approaches have
inspired a rush of new technolo-
gies—hundreds of new drugs and
thousands of clinical genetic tests
have become available.3,4 The
field has been marked by some
notable successes. For example,
genetic information has been used

to improve the diagnostic accu-
racy of breast cancer screening,5

and major improvements have
occurred in screening neonates
after birth.6

However, two assumptions are
implicit in this approach. First, the
clinical focus of genetic inquiry
that characterized its first 10 years
suggests, first and foremost, a con-
cern with isolating mechanisms
that can improve individual
health, in line with the notion that
the clinical encounter is and
should remain the dominant par-
adigm in health promotion. For
example, scientists and clinicians
alike are heralding the future of a
“personalized medicine” in which
genetic tests could quickly, com-
fortably, and cheaply character-
ize an individual patient’s risk
profile and likely responses to
treatment.7

Second, this focus on an
individual-based genetics research
paradigm is ultimately informed by
the notion that particular geno-
types are simple risk markers for
narrowly defined phenotypes—that
someday researchers might char-
acterize the gene “for” any partic-
ular disease. This assumption is
dissonant with the complexity
characterizing the influence of ge-
netics on human health. Although
this complexity and its implications
for research are well recognized,8---12

researchers’ approaches have
generally remained inured to the
realities of polygeny or pleiotropy,
gene---gene and gene---environment
interactions, or epigenetic modifi-
cations that complicate their un-
derstanding of the role of genetics
in human health.

The evidence that these as-
sumptions are limited, and limiting,

is abundant. First, even a strict
adherence to an individual-
medicine paradigm often ac-
knowledges that, at their core,
therapies that focus on individuals
must also take into account the
health needs of populations—the
concept of public health genomics
has often been invoked to suggest
the import of genetics being ap-
plicable to population health.13---15

However, this notion of public
health genomics seldom advocates
a departure from the focus on
individuals, arguing, in effect, that
the population health influence
of genomics will be the mere
aggregate of improvements in di-
agnosis and care at the individual
level.13,14 Second, a decade of hu-
man genome research has con-
firmed that the role of genes in
human health is supremely com-
plex and that the input of any
particular locus is best understood
in concert with other loci and
environmental factors operating
dynamically throughout the life
course.11

These two limitations account
in large part for the gap between
the promise of genetics research
and the outcomes. For example,
although this genetics research
paradigm has produced thousands
of marketed clinical genetic
tests,3,4 little is known about how
efficacious these tests may be at
the population level.13 What is
more, because these clinical tools
largely screen for rare diseases,
they are unlikely to make a real or
lasting dent in broader disease
metrics, such as life expectancy or
mortality. Beyond this, relegating
genetics research to the clinical
arena precludes any insight that
genetics may provide into
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preventing disease earlier in the
causal pathway, well before pa-
tients present to their providers.
Finally, health disparities are of
crucial interest in population
health.16 Important racial, ethnic,
and socioeconomic predictors of
access to health care technologies
exist,17,18 suggesting that confining
genetics research to the clinical
space exacerbates the likelihood
that people who are poor and
marginalized will have the least
access to breakthroughs informed
by genetics research.

BROADENING THE LENS
OF GENETIC INQUIRY

Although much of the narrow
lens that has dominated genetic
inquiry over the past decade is
attributable to conceptual focus, it
has been further reinforced by the
study designs that have been
adopted. These studies have had
two dominant characteristics.
First, in keeping with the focus of
genetics research on identifying
genotype---phenotype associations,
researchers have used an array
of ever-larger case---control
studies among homogeneous pop-
ulations. Case---control studies are
designed to maximize power when
studying relatively rare outcomes,
and so large sample sizes are usually
unnecessary when isolating reason-
able effect sizes.19 However, as it has
become clear that relatively few
large effect sizes are identified when
the classic genotype---phenotype
paradigm is applied to common,
complex disorders, the field has
moved ever further in the direction
of large-scale case---control studies
designed to isolate particular geno-
types associated with phenotypes.20

Second, these studies have made
use of, as much as possible, homo-
geneous populations, which allows
investigators to match cases and
controls on third variables that

could be alternate explanations for
the observed genotype---phenotype
associations.

These studies have played
a critical role in identifying loci
involved in the etiology of com-
plex diseases, but their potential is
largely exhausted, and a transition
in thinking is in order. Whereas
previous studies were intended for
gene discovery, future studies
must situate genetic information in
the context of the complex social
and environmental etiology of
these outcomes. Persisting with
current study designs reinforces
a broader disciplinary focus on an
individualized genetics by implic-
itly diverting attention from the
broader social and environmental
determinants of health and taking
the field further away from a use-
ful public health genomics.

Current dominant genetic epi-
demiological study designs are not
equipped to move thinking for-
ward. A focus on homogeneous
samples restricts the capacity to
understand how genetic factors

influence the health of human
populations through complex
pathways that involve genes acting
in concert with other genes and
with features of an individual’s
environment. By fixing popula-
tions, these studies effectively limit
variability in third variables such
as environmental characteristics
and other genetic and behavioral
characteristics of study partici-
pants that contribute to disease
causation and that, if not properly
accounted for, introduce unmea-
sured confounding.

We illustrate two circumstances
in which current study designs may
pose a problem with respect to
causal inference regarding the ge-
notype---phenotype relationship.
First, as shown in Figure 1, these
designs are not equipped to char-
acterize the complexity that un-
dergirds genetic influences on
health today. For example, epige-
netic modification plays an impor-
tant role in gene expression.8---10

However, epigenetic involvement
usually implies environmentally

induced modifications at gene-
promoter regions that in turn in-
fluence gene expression. Properly
measuring these phenomena re-
quires measurement at three dis-
tinct time points, at minimum;
investigators must measure the
environmental antecedent at one
point, the epigenetic modification
at the second, and the phenotype of
interest at the third. In this way,
limitations in study design have
challenged the ability to under-
stand time-dependent genetic pro-
cesses, such as epigenetic modifi-
cations, because they do not
incorporate multiple measure-
ments or information about envi-
ronmental antecedents. A recent
systematic literature review about
epigenetic modification in the eti-
ology of mood and anxiety disor-
ders and suicide, for example,
found 21 case-control studies, of
which only three included data
about common environmental
stressors in relation to epigenetic
modifications and the phenotypes
of interest.21

OutcomeLocus of Interest

Third Variable(s)

Epigenetic Modification

Third Variable(s)

t1 t2 t3

Note. t1 = time 1; t2 = time 2; t3 = time 3. Support of epigenetic hypotheses requires measurement at three time points, and third variables that

might confound relationships among loci, epigenetic modification, and outcomes should be measured at the second and third time points and

adjusted for appropriately in analyses.

FIGURE 1—Epigenetic modification as a mediator between genetic factors and outcomes and associated

confounders.
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Second, as shown in Figure 2,
studies with highly selected sam-
ples limit investigators’ ability to
assess effect modification across
any number of other genetic, de-
mographic, behavioral, or envi-
ronmental factors. The influence
of genes in human health is com-
plex and varies across a host of
other factors, and homogeneous
studies limit researchers’ capacity
to test hypotheses regarding
these variations. For example, one
seminal study considered effect
modification of the relationship
between the fat mass and
obesity-associated (FTO) gene and
body mass index by a third vari-
able, physical activity.22 The
authors demonstrated that the re-
lationship between an FTO poly-
morphism and body mass index
was dependent on physical activ-
ity level.22 In participants with low
physical activity, FTO was found
to predict higher body mass index,
and in those with high physical
activity, no relationship was found
between FTO and body mass
index.22

Similar findings have also been
noted across population groups;
gene---environment interactions
have been observed in some racial
groups, but not others. For exam-
ple, in a study of the role of four
single-nucleotide polymorphisms
at the FKBP5 locus as modifiers of

the association between childhood
maltreatment and risk of post-
traumatic stress disorder, Xie et al.
demonstrated gene---environment
interaction among African
Americans, but not among Euro-
pean Americans.23 Another study
assessed the role of MAOA in
modifying the association between
childhood abuse and dysthymia.24

The authors found significant
three-way interactions among
childhood abuse, MAOA, and
race, as well as among childhood
abuse, MAOA, and sex. In this
way, the homogeneous samples
that are ubiquitously used in ex-
tant studies limit inference re-
garding the mechanisms that may
underlie the effects observed.

Similarly, one can consider the
human life course as a third vari-
able across which the influence of
genetics on health may be modi-
fied. From this perspective, present
genotype---phenotype studies,
largely retrospective or cross-sec-
tional, limit the understanding of
the dynamics of the genotype---
phenotype relationship throughout
the life course—a crucial limitation
because longitudinal studies have
demonstrated variation in the re-
lationship between genotypes and
phenotypes with age.11 Helpful ex-
amples come from the literature on
genetic involvement in the etiology
of obesity. A study by North et al.

with a longitudinal cohort of sib-
lings demonstrated that the influ-
ence of genetics on change in body
mass index were variable through-
out childhood development.12

Similarly, a study by Hardy et al.
demonstrated that the relationship
between polymorphisms at two loci
associated with obesity, FTO and
melanocortin 4 receptor (MC4R),
changed between ages 2 to 20
years and ages 20 to 53 years in
a longitudinal birth cohort in the
United Kingdom.11 These studies
suggest that the role of genes in the
etiology of obesity, and likely in
that of other common, complex
disorders, may be dynamic
throughout the life course.

Given all of these issues, it is
unsurprising that replicability has
been a serious challenge for many
genotype---phenotype associations
in the literature.25---27 Along with
the important limitations dis-
cussed earlier, generalizability is
an inherent limitation of highly
selected samples, and differences
in allelic frequency in populations
selected on ethnicity or region can
influence the likelihood of repli-
cation.26,28

RETHINKING STUDY
DESIGNS

Although several authors have
noted the persistent limitations of

genetic study designs,25---27,29

a substantial gap remains between
the observation that current study
design techniques are poorly
suited to the task at hand and the
development and implementation
of more robust population health
study designs. Hence, despite the
recognition of the limitations of
current study designs in genetic
epidemiology, genetic studies
have largely had homogeneous
samples and have not collected
data about other factors external
to the gene---outcome pathway.

As the complexity of genes’ role
in human health becomes more
apparent, researchers clearly need
to take a different perspective;
a broader lens is needed to allow
researchers to better understand
the role of genetics in the pro-
duction of human health. We
suggest, then, that to fulfill the
promise of a population health
genetics, researchers need to take
a different approach that high-
lights and clarifies the role of
genetics in concert with social and
environmental processes in the
production of population patterns
of health and disease. In this way,
the end of population health ge-
netics is not the production of
diagnostic tests with moderate in-
fluence on the clinical decisions
affecting individual care. Rather, it
is on characterizing the causes of
population health to improve the
understanding of the heteroge-
neous influences of environmental
exposures on population health
and to target high-impact popula-
tion interventions more effec-
tively. The technological advances
made as a result of the large in-
vestment in genetics research over
the past decade have made DNA
collection and genotyping widely
available, standardized, and rela-
tively inexpensive, which has en-
abled studies of cohorts with rich
environmental data such as the

Environment Outcome

Locus of Interest

Third Variable(s)

Note. Third variables can predict all three factors, as can occur in selected study samples, and can challenge population-level inference

regarding the role of genes as effect modifiers of relationships of interest.

FIGURE 2—Effect modification of the relationship between an environment (genetic factors) and an

outcome and associated confounders by a locus of interest.
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Great Smoky Mountain Study of
Youth,30 the Dunedin Longitudi-
nal Study,31 and the Atheroscle-
rosis Risk in Communities study32

to add genetic information offer-
ing the promise of insights beyond
those provided by the extant
approaches. These studies are
promising early examples of those
that can push the future of
population health genetics.

Yet to continue to move beyond
the limitations imposed by current
trends in genetic study designs
toward a paradigm whereby ge-
netics can educate an under-
standing of health at the popula-
tion level, the field must continue
down this early path. Study de-
signs must move beyond the re-
stricted case---control studies that
currently dominate the field
toward studies that allow investi-
gators to characterize the hetero-
geneity in genotype---phenotype
associations, promote a life course
perspective on the interplay be-
tween genes and health, and gen-
eralize beyond small subsections
of the population. To accomplish
this goal, genetics studies must
continue to be folded into large,
multiwave, heterogeneous
population-representative samples
that robustly measure other expo-
sures of import to population
health, in particular the social
environment.

Several ongoing studies have
begun to demonstrate the poten-
tial of large cohort studies to in-
form understanding of the role
of genetics in population health.
These studies include, for exam-
ple, those mentioned earlier,30---32

as well as the Coronary Artery
Risk Development in Young
Adults study,33 the Multiethnic
Study of Atherosclerosis,34 and
the Detroit Neighborhood Health
Study (DNHS).35 In addition, sev-
eral studies have been able to
combine population-level data

with biobanks that have also been
used to further inference that
combines genetic and environ-
mental data, such as the Research
Program on Genes, Environment,
and Health, a collaboration be-
tween the University of California,
San Francisco, and the Kaiser
Permanente health system, which
has collected genetic data for
nearly 100 000 respondents.36

One of the key contributions of
population health genetics going
forward will be to identify effect
modification of the relationship
between alleles and phenotypes of
interest by other factors of popu-
lation health import. The role of
the social environment will be
central. In that regard, the DNHS
is a particular exemplar of the
potential contribution of large,
multiwave studies in population
health genetics. The DNHS is
a multidisciplinary effort to bring
together genetics, epigenetics, and
relevant features of the social en-
vironment to better formulate
a multifactorial model of the pro-
duction of behavioral disorders.
A multiwave study of a population-
representative sample of 1547
adults in Detroit, Michigan, the
DNHS uses systematic neighbor-
hood assessments of each Detroit
neighborhood to characterize
each participant’s social environ-
ment. Assessments consider signs
of blight and deprivation, includ-
ing the presence of graffiti, pres-
ence of vacant buildings, and
street noise. In addition, data have
been collected on baseline demo-
graphic characteristics, health
status, social support, and trau-
matic exposure, and detailed in-
formation has been obtained
regarding posttraumatic stress, de-
pression, anxiety symptomatology,
and substance abuse behavior.
Whole blood samples have been
collected and analyzed at 210
single nucleotide polymorphisms

involved in variation at 22 loci of
interest in the etiology of psycho-
pathology. To date, four waves of
data have been collected.

Although not a gene discovery
study, the DNHS typifies the in-
corporation of genetic data in the
context of a large, multiwave co-
hort study with the capacity to
assess the contributions of individ-
ual and contextual exposures
alongside genetic information in
the production of population
health. These data allow investiga-
tors to consider heterogeneity of
genetic influence across demo-
graphic, behavioral, and socioen-
vironmental exposures rather than
simple genotype---phenotype asso-
ciations. For example, a recent
analysis from the study assessed
whether serotonin transporter
(SLC6A4) genotype or methylation
status modified the relationship
between the frequency of trau-
matic exposure and risk of post-
traumatic stress disorder risk in
a subset of the study population.37

The investigators found that al-
though neither genotype nor
methylation level predicted post-
traumatic stress disorder risk in
main effects models, methylation
level did, in fact, modify the re-
lationship between the frequency
of traumatic event exposure and
posttraumatic stress disorder risk.

CONCLUSIONS

Although genetics research
has throughout its first decade
certainly managed to produce
thousands of clinical genetic tests
hailing a potential new dawn—in
many minds, of a new personal-
ized era in medicine3,4—this
industry’s growth has largely out-
stripped its ability to assess the
efficacy of these implements at the
population level,13 where, at best,
this overall approach has had only
moderate success.38---40

Adopting a population-based
genetics approach can lead to
studies that collect data about
multiple exposures in diverse
samples, ultimately allowing re-
searchers to characterize the
pathways by which genetic factors
influence population health. As
we move through the second de-
cade of genomic research, the
opportunity to promote a popula-
tion health genetics will rely on
incorporating genetic components
into these types of large, multi-
wave cohorts. Clearly, if genetics is
to have its greatest impact on
human health, this shift in meth-
odology will be critical. Public
health investigators interested in
incorporating a population health
genetics approach into their work
might consider adding genetic
components to existing cohorts
or constructing study samples
around understanding the role of
genetics in population health. Be-
yond the production of clinical
tests of unclear influence, this ap-
proach is primed to have far-
reaching implications, educating
researchers about society’s most
morbid and costly diseases and
improving the field’s capacity for
population health promotion and
disease prevention. Ultimately, we
focused in this article on the ne-
cessity of a shift in study design.
However, several other issues re-
main that require a reexamination
of the current focus on an indi-
vidual genomics. For example, the
effect sizes of many genes thus
far identified have been small,41

raising important questions about
the relative import of efforts that
aim to improve public health that
target genes versus other, perhaps
more tractable features of the
social environment. Also,
population-based study design
has limited capacity to help re-
searchers discriminate individual-
level risk,42 somewhat obviating
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one of the central goals of an
individual genetics approach. Both
of these points merit further con-
sideration in future work. j
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