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Current Priorities for Public Health Practice in
Addressing the Role of Human Genomics in

Improving Population Health
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Abstract: In spite of accelerating human genome discoveries in a wide variety of diseases of public
health signifıcance, the promise of personalized health care and disease prevention based on genom-
ics has lagged behind. In a time of limited resources, public health agenciesmust continue to focus on
implementing programs that can improve health and prevent disease now. Nevertheless, public
health has an important and assertive leadership role in addressing the promise and pitfalls of human
genomics for population health. Such efforts are needed not only to implement what is known in
genomics to improve health but also to reduce potential harm and create the infrastructure needed to
derive health benefıts in the future.
(Am J Prev Med 2011;40(4):486–493) © 2011 Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine.
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Introduction

Adecade after the completion of the human ge-
nomeproject, we live in an era of unprecedented
gene discovery for almost all human diseases.1–3

Discoveries are fueled by declining laboratory research
costs and multiplexing platforms.4–6 Promise of the im-
pact of genomics on health care and disease prevention is
being heralded by prominent scientists.7 In an online
orizon scanning of genomic tests, more than 200 new
ests were found that are in transition from bench to
edside in the past year.8More than 1800 tests for genetic
iseases are available9 and an increasing number of ge-
etic conditions are included in newborn screening pan-
ls.10 However, there is a currently a wide gap between
ew discoveries and the realization of their promise for
opulation health.11 The use of human genomics carries

the potential for harm, especially from unnecessary or
unproven interventions.12 The recent surge of direct-to-
consumer (DTC) sales of personal genomic tests exem-
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plifıes the premature deployment of genomic technolo-
gies without a scientifıc evidence base.13

The incorporation of human genomic discoveries into
public health practice must deal with an apparent para-
dox. The mission of public health is to improve health
from a population perspective14 and its unit of interven-
tion is the “population,” an approach seemingly at odds
with the “one person at a time” vision of genomic medi-
cine.15 The debate about the role of genomics in public
health practice has been ongoing for quite some time.
Some point out that that the applications of human
genomics will be made at the clinical level and not
through population screening.16 Some have even argued
hat there is very little role for genomics in public health
hen the environmental causes of disease are known (i.e.,
nfectious, chemical, behavioral, and social factors).17

Moreover, in a time of diminishing resources, new tech-
nologies can divert much needed resources away from
what can be done today in delivering basic public health
services and addressing social and environmental deter-
minants of disease.18 Finally, a reductionist, individually
argeted approach to health may not substantially im-
rove the health of populations. Such is the dilemma of
uman genomic applications in public health practice.
Increasingly, a public health research agenda is being

rticulated for the translation of human genomic discov-
ries into health benefıts. This includes multiple popula-
ion disciplines such as epidemiology, behavioral, social,
nd communication sciences.19–22 These disciplines as-

ess the impact of genomic factors and their interactions
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with environmental and social factors on population
health. In addition, the use of genomics in public health
research is expected to lead to better identifıcation of
environmental causes of diseases using studies on gene–
environment interaction,23 epigenetics,24 andMendelian
randomization.25

Nevertheless, traditional public health practice repre-
sented by programs at federal, state, local, and commu-
nity levels have not integrated human genomic advances,
except in certain well-established programs such as new-
born screening.26Most public health practitioners do not
have the training to integrate rapidly emerging genomic
information into their programs, although many see fu-
ture value for using genetic information.27 The conten-
ion in this paper is that there is a real, current, and
ncreasing role for human genomics in public health
ractice, and a more assertive and broad-based approach
o human genomics that takes into account multilevel
nterventions, including policy change, clinical–public
ealth partnerships, and consumer and provider
ducation.
Three priorities are discussed for the integration of

enomics into public health practice. The focus is on
uman genomics, including both genetic diseases and
ommondiseases with strong genetic components, infor-
ation derived from germline, somatic, and gene prod-
cts such as expression profıles, and proteomics. Not part
f this paper are public health issues related to genetic
ngineering of crops and their consequences on people
e.g., safety and broader consequences of spread into
ther parts of the ecosystem); or public health issues
elated to pathogen genomics in developing newdiagnos-
ic tests, tracking infectious diseases in populations,28 and
new vaccines.29

Multilevel Interventions in Public Health
Practice
The Association for State and Territorial Health Offıcials
recently revisited the well-known framework of three
essential public health functions (assessment, policy de-
velopment, and assurance and evaluation) and 10 essen-
tial services for genomics.30 It is not the intent of this
aper to discuss these functions and services, as in previ-
us publications,19,31 but to expand on priorities for
hort-term action within these services. It is recognized
hat public health is practiced atmultiple levels, including
ederal agencies, state and local health departments, and
linicalmedicine aswell as the private sector.14Generally,
ational and state public health roles tend to differ. States
re typically in delivery mode, whereas federal roles are
ore often informational and providing funding, policy,

nd regulation.
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The primary audience of this paper are those in state
and local health departments, voluntary organizations,
and others addressing health-related issues on a popula-
tion basis. Public health uses an array of tools and actions
to ensure health and focus more on prevention than
clinical management.32 Generally, addressing social de-
terminants of health (reduced poverty, increased educa-
tion) can have the largest impact on population health.32

Policy-level interventions can make the individual’s de-
fault decisions healthy (such as policy interventions to
reduce tobacco use, trans-fats and salt in the diet, clean
air, seat belt laws, and occupational safety require-
ments).32 In the context of human genomics, regulatory
pproaches are needed to control misuse and overuse of
ew technologies.33 The Food and Drug Administration

(FDA) is currentlymoving to apply its existing regulatory
authorities to laboratory-developed tests (LDTs), espe-
cially the direct-to-consumer market industry in genetic
testing.34

Public health interventions also include clinical interven-
tions that require limited contact but confer long-term
health protection (such as immunizations to prevent the
spread of infectious diseases and colonoscopy to reduce
morbidity from colorectal cancer). Another form of public
health interventions involves ongoing direct clinical care
(suchasHIVtreatment to reduce transmission, treatmentof
hypertension andhigh cholesterol to reduce the risk of heart
disease). Public health also includes health education and
counseling (suchashealtheducationaboutdiet andphysical
activity). Interventions focusing on policy contexts tend to
have greater health impact than health education, because
they reach broader segments of society and require less in-
dividual effort.Nevertheless, implementing interventions at
multiple levels can achieve the most public health benefıt.
For example, the successful reduction in the number of folic
acid–preventable neural tube defects was achieved by inter-
ventions using multiple levels. The most effective interven-
tion was FDA’s mandated folic acid food fortifıcation ef-
forts, followed by clinical and educational interventions to
encourage women to include more folic acid in their
diet.35,36

How can human genome discoveries fıt into public
health practice and provide new tools to achieve im-
portant public health goals? There are currently a few
applications for which there is potential public health
benefıt. Family health history and some genetic tests
provide mechanisms for early detection and interven-
tion for a number of conditions, mostly in newborn
screening10 and genetic disorders with high individual
risk.37–39 Recent evidence, for example, suggests that
cascade screening of fırst-degree relatives for selected
conditions such as familial hypercholesterolemia

(FH), a main cause of premature heart disease38 and
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Lynch syndrome,39 a main cause of early-onset colo-
rectal cancer, can reduce morbidity and mortality out-
comes in relatives of affected people.
The implementation of such applications could save

thousands of lives every year.37–39 Implementation can be
chieved using multiple levels, primarily working with
linicians and conducting health education. Policies to
nhance the oversight of genomic testing by ensuring the
se of evidentiary standards of validity and utility as well
s quality-testing process are crucial.33

Current Priorities for Public Health
Practice in Genomics
Table 1 shows three immediate priorities for public health
ction that are essential to reap the population health bene-
ıts of emerging human genomic discoveries: (1) serving as
he honest broker for emerging genomic applications in
ractice; (2) imple-
enting current evi-
ence-based genomic
pplications to im-
rove health and pre-

vent disease, while
discouraging prema-
ture use, misuse, and
overuse of genomic
applications; and (3)
using genomics tools
to evaluate the health
impact of public
health interventions
regardless of whether
they currently use
genomics. These ac-
tions are highly syner-
gistic as shown in

Table 1. Current priorities for public health practice to ad
health

Priorities

Serving as the honest broker for emerging
genomic applications to consumers,
providers, and policymakers

Conducting a
synthesis
recommen
use (see e

Implementing evidence-based genomic
applications and discouraging use of
unvalidated applications

Implementin
(see exam

Evaluating impact of public health interventions
that currently do not use genomics (e.g.,
smoking cessation)

Evaluating b
health pro
population
Figure 1. Figure 1. Synergy of public health act
Priority 1: Serving as the Honest Broker for
Genomic Applications in Practice
The most important priority for public health practice
today in genomics is to be the honest broker to inform
providers, the public, and policymakers whether the
deployment of a particular technology for a particular
intended use can have a net positive health impact on
the population.40 Because of the potential for conflicts
f interests among various groups, public health can
erve as an unbiased convener of stakeholders.
Although such a role is not well established in the

enomic arena at present, for other areas of health care
nd disease prevention, some precedents exist, for exam-
le, the U.S. Preventive Services Task Force (USPSTF),
hich makes evidence-based recommendations on clin-
cal practices to improve prevention.41 Similarly, the
ommunity Guide makes evidence-based recommenda-
ions for community prevention efforts.42 NIH sponsors

s human genomic information to improve population

ctions
Magnitude and timeline of
population health impact

ponsoring knowledge
evidence
ns on appropriate
ples in Table 2)

Small but increasing impact in saving
unnecessary healthcare costs and
preventing harm while illuminating
what is ready for implementation

ltilevel interventions
in Table 2)

Small but increasing impact for
improving health and reducing
unnecessary healthcare costs

ts and harm of public
s in subgroups of
g genomic tools

Small but increasing impact in
evaluating current public health
programs and informing next
generation of programs
dres

A
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datio
xam

g mu
ples

enefi
gram
usin
ions in addressing the role of genomics in population health
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consensus development panels around specifıc health is-
sues and applications (e.g., the recent panel on family
history in primary care).43

Newborn screening provides an important model for
the integration of genomic modalities into the public
health sphere. For example, state-specifıc panels have
made recommendations on which genetic conditions
should be included in the screening panels, and because
of state-by-state variation, a federal advisory panel now
makes nationwide recommendations for which condi-
tions to include in newborn screening, incorporating a
rigorous process for assessing evidence. Such a change
will enhance the uniformity and evidentiary basis for
newborn screening programs.10

In 2005, the CDC launched an independent multidis-
ciplinary panel to address specifıcally the issue of genetic
applications in clinical practice and disease prevention
(www.egappreviews.org/default.htm). The Evaluation of
Genomic Applications for Practice and Prevention
(EGAPP) working group systematically reviews and up-
dates evidence of validity and utility of genomic applica-
tions and makes recommendations for appropriate use.
EGAPP has fılled a void in genomic medicine technology
assessment. Several recommendations have been issued
to date and more are under way.
A transparent, independent, and continuously up-

dated assessment of emerging genomic applications is
crucial to save unnecessary healthcare expenditures
from unwarranted tests, minimize harm to individuals
and groups from the unintended consequences of pre-
mature use of technologies, and maximize the poten-
tial population health benefıts of rapidly emerging
technologies.
The EGAPP working group has established methods

for reviewing the evidence for different types of genomic
tests, including those for screening, early detection, risk
assessment and prognosis, as well as therapeutic choice
(pharmacogenomics). As shown in Table 2, in collabora-
tion with the EGAPP working group and various stake-
holders, the CDC is establishing an evidence-based triag-
ing of emerging genomic applications with a three-tier
classifıcation schema that would be based on the EGAPP
working group methods paper.44 Tier-1 applications in-
lude those with suffıcient evidence for validity and clin-
cal utility for the test to be implemented into practice
e.g., Lynch syndrome). Tier-2 applications are those
ith suffıcient evidence of validity and promising evi-
ence of utility but insuffıcient to support a recommen-
ation for use. For such applications, outcomes research
s needed in clinical trials and/or comparative effective-
ess studies. In addition, public health and clinical prac-
itioners can provide individuals with information

eeded for them to make informed decisions on use.

pril 2011
Tier-3 applications are those with either suffıcient evi-
dence for a lack of utility or overt harm, or insuffıcient
evidence on validity and utility. Public health would dis-
courage using Tier-3 applications until further studies
establish validity and utility (e.g., personal genomic tests
sold directly to consumers).
Evidence-based triaging of genomic applications

would be an iterative process, constantly changing based
onnewly acquired evidence.45,46 Finally, it is important to
conduct cost-effectiveness analyses as part of this priority
to assess the preventable burden and associated costs as a
potential guide for implementation. This was recently
done for Lynch syndrome cascade screening.47

Priority 2: Implementing Evidence-Based
Genomic Applications and Discouraging
Premature Use of Unvalidated Applications
In addition to being an honest broker, there are impor-
tant roles for public health programs (Table 2). For Tier-1
applications, exemplifıed by Lynch syndrome, public
health programs can actively encourage implementation
of evidence recommendations. For Tier-2 genomic appli-
cations, exemplifıed by the use of family history as a tool
for risk assessment and disease prevention (see below),
public health programs can promote additional data col-
lection onhealth impact to assess the added value of using
genomic tools in practice. For Tier-3 genomic applica-
tions, such as DTC personal genomics tests, public health
programs can actively discourage their use while addi-
tional research is done.
Public health actions can operate at multiple levels,

as discussed earlier, for example, by developing health
education campaigns targeted to at-risk individuals,
clinicians, policymakers, and payers. Implementation
could also be integrated into various disease-specifıc or
categoric public health programs. As noted earlier,
there are also genomic applications for which orga-
nized efforts of public health programs, namely, new-
born screening, represent the largest public health ge-
netics program today. It remains to be seen whether or
not an expansion of such a program to other condi-
tions outside the newborn period is warranted, but the
general principles of evidence assessment set a worthy
precedent for the process of determining the desirabil-
ity of expansion.
The example of Lynch syndrome discussed in Table

2 illustrates another form of screening in a different
setting and life stage (i.e., screening all newly diag-
nosed cases of colorectal cancer for Lynch syndrome).
It clearly shows the challenges that public health faces
in implementing such evidence-based applications

population-wide. At a time when half of adults do not

http://www.egappreviews.org/default.htm
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get colorectal cancer screening, one may wonder
whether or not state public health cancer programs
should emphasize the small proportion of colorectal
cancer that have Lynch syndrome or would this be best
left to the clinical care system alone? In a CDC multi-
disciplinary workshop held in September 2010 to dis-
cuss the implementation of EGAPP Lynch syndrome
recommendations, data were presented that currently
less than 10% of cases of Lynch syndrome are ascer-
tained by the healthcare system, and several stakehold-
ers asserted that public health should take on the respon-
sibility for ensuring that effective Lynch syndrome
services are delivered and tracked using approaches em-

Table 2. Examples of evidence-based triaging of human g
programs using multilevel interventions

Genomic
application

Tier 1

Evidence-based recommendation
for implementation

Examples Lynch syndrome F

Public health issues 3%–5% of all cases of colorectal
cancer are due to this genetic
disorder. Cancer has early age of
onset

F

Evidence
recommendation

EGAPP working group recommended
in 2009 that all new cases of
colorectal cancer be screened for
Lynch syndrome. Cascade testing
of relatives can reduce mortality
from colorectal cancer39

N

Public health
actions

Promote implementation in practice
by educating providers and
patients; setting screening
programs, and developing clinical
decision support tools; encourage
coverage evidence
recommendations by health
insurance

P

Public health
surveillance and
epidemiology

Measure impact of actions on
implementation and outcomes

M

A

awww.egappreviews.org/default.htm
EGAPP, Evaluation of Genomic Applications for Practice and Prevent
bedded in state cancer registries.
Many challenges remain to make this fırst example of
cascade screening a reality in public health practice. Other
examples could follow, including familial hypercholesterol-
emia, hereditary breast/ovarian cancer, andothers, affecting
larger and larger segments of the population. Prioritization
will obviously depend on level of evidence, the burden of
morbidity andmortality that can be prevented in the popu-
lation, and cost effectiveness of interventions. Finally, public
health canuse family history to reach relatives of individuals
with common diseases and to implement nongenetic evi-
dence-based recommendations (such as screenings andpri-
mary prevention in diabetes, cancer, and heart disease),
therefore achieving larger health impact than by targeting

ic applications and integration into public health

ence-based triaging

Tier 2

Tier 3

Established validity/
promising utility

Unclear benefits and
harm; or evidence
recommendation

against use

y history for risk assessment
rimary care

Personal genomic tests sold
directly to consumers

y history is a risk factor for
mon chronic diseases. It
be used to target public
lth messages (diet, physical
ivity, screening)

Several companies selling to
the public personal
genomic test to inform
consumers about risks for
common diseases

onference in 2009
cluded that while “Family
tory interventions can
tivate behavior change, the
a are not sufficiently robust
onclude that routine family

tory can lead to improved
lth outcomes”a

CDC–NIH conference in 2009
concluded that there is
insufficient evidence on
clinical validity and utility of
these tests13

e information for decision
king about family history as
ease risk factor; educating
viders and consumers

Discourage use in practice by
educating consumers,
providers, and
policymakers

ure impact of information on
and outcomes

Measure impact of
discouraging
implementation on use and
outcomes

s added value in public
lth interventions that do not
genomics to inform future

lic health actions

Assess added value in public
health interventions that
do not use genomics to
inform future public health
actions
enom

Evid

amil
in p

amil
com
can
hea
act

IH c
con
his
mo
dat
to c
his
hea

rovid
ma
dis
pro

eas
use

sses
hea
use
pub
genetic conditions alone.
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Priority 3: Using Population Data to Guide
Implementation of Genomic Applications and
to Evaluate the Impact of Interventions That
Currently Do Not Use Genomics
One important public health function is surveillance and
epidemiology that provide “data for action” to guide im-
plementation and evaluation of the impact of interven-
tions. Examples include population-based disease regis-
tries,48,49 surveys of risk factors,50 and vaccine adverse
effects.51 The challenge is to assess implementation (e.g.,
use of genomic tests), the appropriateness of implemen-
tation (e.g., in comparison with recommended use),
health outcomes, as well as disparities in use and
outcomes.52

In addition, human genomics may enhance surveil-
lance and epidemiology assessments of existing or
planned public health interventions that are not genome-
based. Current population-level approaches to preven-
tion have not been fully realized. For example, most
Americans do not get enough physical activity, an in-
creasing proportion is overweight, and many do not ad-
here to evidence-based screening recommendations
(such as colorectal cancer screening). Could family his-
tory or genomic information be used to identify subsets
of the population that merit more (or less) intensive or
different types of interventions?
For example, family health history can be used as a

stratifying tool for measuring health impact in surveil-
lance systems. Family history is a simple and inexpensive
application available in clinical practice today.53 Family
history reflects not only genetics but also environmental
and socioeconomic factors. Furthermore, clinical deci-
sions that can readily bemade on the basis of such history
have little or nothing to gain by expensive genomic test-
ing. Family history is a risk factor for most diseases of
public health signifıcance, especially common chronic
diseases. Only occasionally does family history of a con-
dition point to a classical genetic disorder.Most often, the
presence of a family history reflects unmeasured genetic
and environmental effects and is an indicator of higher
risk for the same disease in comparison with the average
population risk.53

Although there has been considerable debate as to
whether family history can prevent common disease, it
can be used as a surveillance tool to examine the impact of
population-level interventions. For example, population-
based family studies inUtahhave shown that 14%ofUtah
families have a positive family history of coronary heart
disease; these families account for 72% of early coronary
events (aged �50 years) and 48% of coronary heart dis-
ase events at any age.54 Such data suggest that the imple-
mentation of family-centered interventions could lead to

overall population health benefıts. A recent evaluation of t
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a Utah nationwide program to identify familial hyper-
cholesterolemia patients showed that participants in the
treatment program achieved greater cholesterol reduc-
tions than the comparison group.55

Another condition where family history may play a
role is diabetes. Given the large number of undiagnosed
diabetics, and the proven effectiveness of primary pre-
vention measures (physical activity and medications), it
is important to assess all approaches to help fınd undiag-
nosed diabetics andprediabetes. A recent analysis56 of the
National Health and Nutrition Examination Survey
(NHANES; see description below) found that by adding
family history to risk prediction analysis of undiagnosed
cases, more than 600,000 such cases are projected to be
found in the U.S. population. Although early interven-
tion among people with prediabetes can delay progres-
sion to diabetes, the effectiveness of population screening
to identify people at risk has not been completely re-
solved. Such population data can provide a scientifıc
foundation for extending evidence-based recommenda-
tion for screening for diabetes in the U.S. Because of the
large number of diabetics in the U.S., a family-based
intervention to target their relatives for primary preven-
tion and early detection could have a substantially large
impact on disease burden compared to screening pro-
grams for rare genetic conditions.
Genomic tools are increasingly available to evaluate

the health impact of interventions on different segments
of the population. For example, genomics could be used
as a means to help target specifıc environmental and
occupational exposures by setting the maximum allowed
exposure levels based on the most susceptible people in
the population.57,58 The declining costs of genomewide
nalysis are allowing us to addmultiple genetic variations
o existing surveillance systems for population health.
The NHANES is such an example at the national level.59

The CDC and others have measured an increasing num-
ber of genetic variants for numerous diseases to this
uniquely representative, large, population-based survey
of the U.S. population.60 This survey evaluates the health
tatus of various ethnic/racial subgroups; to monitor the
mpact of different interventions (e.g., removing lead
rom the gasoline resulting in dramatic drop in serum
ead levels in the U.S.)61; and generate data to inform
ealth policies and interventions. More than 10,000
ealth-related variables are available in NHANES, in-
luding clinical, physiologic, risk factor, biochemical, and
pidemiologic data.
The addition of hundreds of genetic variants to this

urvey is allowing public health epidemiologists to assess
he potential added value of genetic information on the
ealth impact of public health interventions. Building on

he folic acid story mentioned above is one example. A
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genetic variant in the MTHFR gene (TT variant), affect-
ing 5% of the population, was found to be associated with
a thermolabile enzyme, leading to a relative functional
defıciency in folic acid, a known risk factor for neural tube
defects.62 An important question is whether or not the
effectiveness of folate supplementation extends to this
subgroup of the population. Using NHANES analyses,
one study63 recently estimated that the current RDC al-
owance of folic acid (400�g/day) should be adequate for
individuals with the TT genotype. Another study,64 also
sing NHANES data, showed that folic acid supplemen-
ation increased folate levels among all studied alleles of
he MTHFR gene, confırming current policies for folic
cid supplementation.
Genomic analyses can be readily extended to the eval-
ation of many public health interventions (such as salt
eduction, smoking campaigns, fat reduction, control of
rug or vaccine side effects) on health outcomes and
ndicators in subsets of the population. Such analyses are
ot merely of academic interest but could inform us
hether population interventions (including prevention
r therapeutic interventions) need to be adjusted to reach
he most susceptible in the U.S. population, which may
nclude testing individuals before an intervention or de-
igning a population strategy that addresses the most
ulnerable segments of the population. Similar epidemi-
logic analyses can be done to explore potentially harm-
ul effects of interventions in subgroups of the population
e.g., vaccine or drug side effects) and protection from
arm of environmental and occupational exposures.

Conclusion
Three immediate priorities for action in humangenomics
are presented that can be integrated into model public
health programs using multilevel interventions. The im-
plementation of these priorities can have both near-term
and long-term effects in realizing the promise and ad-
dressing the limits of human genomic discoveries in pop-
ulation health. Albeit small, the current health impact of
genomics is likely to increase considerably over time as
more applications become ready for implementation.
Importantly, with minimal resources, public health pro-
grams can today serve an important honest broker role
and use their convening function to accelerate progress,
minimize potential harm and reduce unnecessary health-
care costs, while setting a strong scientifıc and ethical
foundation based on population-specifıc data, for future
applications of genomics. The balanced approach pre-
sented here requires minimal investment compared to
the massive investment in basic genomic sciences and
technologies, and need not take away precious resources

from public health programs in implementing current
interventions that can reduce the burden of illness and
death from diseases of public health signifıcance.
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