
Health Behavior Change: Can Genomics Improve
Behavioral Adherence?

The National Human

Genome Research Institute

recommends pursuing “ge-

nomic information to im-

prove behavior change

interventions” as part of its

strategic vision for geno-

mics. The limited effective-

ness of current behavior

change strategies may be

explained, in part, by their

insensitivity to individual

variation in adherence re-

sponses.

The first step in evaluat-

ing whether genomics can

inform customization of

behavioral recommenda-

tions is evidence reviews

to identify adherence macro-

phenotypes common across

behaviors and individuals

that have genetic underpin-

nings. Conceptual models

of how biological, psycho-

logical, and environmental

factors influence adherence

also are needed.

Researchers could rou-

tinely collect biospecimens

and standardized adherence

measurements of interven-

tionparticipants to enableun-

derstanding of genetic and

environmental influences on

adherence, to guide inter-

vention customization and

prospective comparative ef-

fectiveness studies. (Am J

PublicHealth.2012;102:401–

405. doi:10.2105/AJPH.2011.

300513)
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IN ITS RECENTLY PUBLISHED

Nature article, “Charting a Course
for Genomic Medicine: From Base
Pairs to Bedside,” the National
Human Genome Research Insti-
tute describes research priorities
for the coming decade, with the
overarching aim of using a geno-
mic understanding of disease to
inform improvements in medical
care.1 The breadth of territory
covered is impressive, but it pre-
cludes precise delineation of the
many and diverse directions that
could be taken to achieve this
vision.

Noteworthy for the field of
public health is the recommenda-
tion for research to pursue appli-
cations of “genomic information to
improve behavior change inter-
ventions.”1(p210) Indeed, the fun-
damental importance of behavior
change in any efforts to improve
health outcomes is indisputable.
Behavioral risk factors (e.g., to-
bacco use, poor diet, and physical
inactivity) are major contributors
to the incidence of chronic dis-
eases worldwide.2 Recognition is
increasing that reducing the bur-
den of chronic disease will require
researchers to acknowledge the
complex interrelationships among
behavior, environment (both so-
cial and physical), and genetics3:
the genomic perspective.

Nascent research suggests ele-
mental questions and initial hy-
potheses about how genomic
discovery may lead to more ef-
fective behavior change inter-
ventions. Certain crucial tenets
should guide this exploration: (1)
current intervention strategies have
had limited effect on long-term

behavior change and need innova-
tion, (2) standard behavior change
recommendations are insensitive to
individual variation in intervention
response, and (3) understanding
the genomics that underlie indi-
vidual variation could suggest
methods for customizing behavior
change recommendations to be
evaluated in comparative effective-
ness trials.

REALISTIC
EXPECTATIONS

Posing the research question,
Can genomic knowledge be used
to improve behavioral interven-
tions? is different from suggesting
that genomics is the holy grail for
effective interventions. Indeed,
any innovation derived from un-
derstanding genomic influences
on behavioral adherence will be
implemented and evaluated in the
context of ubiquitous and com-
peting environmental influences.
Numerous reviews document the
powerful negative influence that
pervasive marketing of unhealthy
products and misleading adver-
tisements for prescription drugs
have on health behaviors.4---8 Pub-
lic policy interventions have also
had powerful positive influences
on health behaviors, for example,
in prompting a steady decline in
per capita consumption of ciga-
rettes in the United States over the
past 35 years.9

Three decades of community-
based and public policy research
also demonstrate that environ-
mental interventions, while nec-
essary, likely are not sufficient
for promoting lasting behavior

change.3 Indeed, rapidly emerging
information about epigenetics is
demonstrating that social and
physical environments (e.g., stress,
pollutants) may modify our ge-
nome to produce new pheno-
types.10 The converging forces
of genomic discovery, technologi-
cal advances, decreasing cost of
generating genomic information,
and growing evidence about joint
gene---environment influences
on health oblige intervention re-
searchers to consider whether
these developments offer any
guidance for improving behavior
change interventions.

Any benefits derived from
new genomic knowledge must be
augmented by a broader arma-
mentarium of strategies that, in
combination, can be targeted op-
timally toward promoting im-
provements in population health.

INNOVATION NEEDED

This is a good time to examine
how genomics research might
bring innovation to behavior
change interventions and produce
robust and durable improvements
in tobacco and alcohol use, dietary
behaviors, and physical activity.
The National Science Foundation
recently reported leading scholars’
perceptions of the “most pressing
questions” facing social scientists,
that is, to identify “grand challenge
questions that are both founda-
tional and transformative.”11(p18)

How to induce people to take care
of their health turned out to be
the number one priority on this
top-10 list. Despite widespread
awareness of the importance of
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health behaviors for preventing
common diseases, national sur-
veys document the public’s poor
adherence to recommendations
for diet, physical activity, and al-
cohol use; adherence levels in
these areas have declined steadily
since 1988.12 A Cochrane review
evaluating adherence to medical
prescriptions for chronic health
conditions yielded similar findings.13

A recent survey assessing be-
havioral risk factors among a sam-
ple of American adults offers
insight into these adherence de-
clines. In this population-based
sample of managed care enrollees,
respondents with the most behav-
ioral risk factors were the least
interested in seeking behavioral
risk information.14 Possibly these
respondents previously sought
and applied standard behavior
change advice without success.
Such failure experiences could
create message cynicism or fa-
tigue, phenomena associated with
long-term and repeated exposure
to public health messages.15,16

Whether behavior change in-
terventions have reached their
maximum effectiveness is a matter
of perspective. Several systematic
reviews of controlled trials show
that interventions are just as likely
to be ineffective as effective,17

achieve low-to-moderate changes
in diet and exercise,18,19 and pro-
duce only short-lived behavior
change for most participants. De-
spite progress with tobacco con-
trol, 46 million Americans still
smoke.20 Yet publicly available in-
terventions, such as state tobacco
quitlines intended to broadly
disseminate effective smoking
cessation interventions, are un-
derused by target groups.21With
prevalence exceeding 30%, obe-
sity now rivals tobacco use as
a leading cause of preventable
morbidity and mortality.22 Al-
though current approaches work

for some, it is hard to dispute that
better behavior change interven-
tions are urgently needed.

Individual Variability

Improving the effectiveness of
behavior change interventions re-
quires increasing adherence. Ad-
herence describes the complement
of actions taken to comply with
intervention recommendations
(e.g., exercising at 60% of maxi-
mum oxygen uptake for 30 min-
utes, maintaining optimal daily
calories, or routinely using phar-
macotherapy, within prescribed
limits, to reduce nicotine cravings);
these are distinct from gold-stan-
dard postintervention behavior
change outcomes (e.g., cardiovas-
cular fitness, weight loss, absti-
nence from cigarettes). Individuals
vary in how they respond both
physically and emotionally to be-
havioral recommendations: this
is the adherence response.

Increasing evidence indicates
that genetic variation accounts
for some of the differences in
physiological responses to caloric
restriction, dietary composition,
and engagement in moderate or
intensive physical activity regi-
mens.23---31 These first-generation
studies were small, retrospective,
and targeted at select groups (e.g.,
perimenopausal women, college
students, and professional ath-
letes), but they represent an in-
triguing starting point.

Individualizing

Recommendations

Use of genomics to individual-
ize treatment has been embraced
enthusiastically as a means to
reduce unwanted and often dan-
gerous side effects of pharmaco-
logical agents. The potential con-
tribution of genomics to customizing
behavior change recommenda-
tions has yet to be rigorously
investigated.

Why pursue such a line of re-
search? The fanfare surrounding
the Human Genome Project raised
public expectations that genomic
discoveries would help individuals
reduce their risk for disease; in-
deed, direct-to-consumer genetic
testing companies are capitalizing
on these expectations. Recent ex-
periences with the Multiplex Ini-
tiative,32 Scripps---Navigenics
Health Compass cohort,33 and
numerous studies evaluating the
use of genomic risk communication
to motivate behavior change34 re-
veal that genetic test seekers are
knowledgeable about risk factors
for common diseases and amply
motivated to improve health be-
haviors. Unfortunately, our limited
current genomic knowledge offers
these engaged individuals generic
behavior change recommenda-
tions that provide little or no new
information. Whether and how
enhanced genomic knowledge can
inform the customization of be-
havior change interventions, par-
ticularly in ways that improve
adherence and intervention effec-
tiveness are scientific questions
worth exploring.

FROM SUPPOSITION TO
SCIENCE

We propose 4 steps to initiate
research on genomics-informed
customization of behavior change
interventions: (1) review scientific
literature to identify areas with
potential to influence behavioral
adherence (e.g., phenotypes that
are likely to have strong genetic
underpinnings and are associated
with the relevant health condi-
tion), especially those that are
common across behaviors (e.g.,
dopaminergic rewards associated
with eating, such as DRD4 genes,35

and brain-derived neurotrophic
factors involved in energy metab-
olism, such as BDNF genes36);

(2) develop conceptual models to
map the interrelationships of rele-
vant biological, psychological, and
macro-level factors that influence
adherence; (3) analyze data from
existing intervention studies with
collected biospecimens to jump-
start discovery studies; and (4)
conduct prospective comparative
effectiveness studies to evaluate
whether genotype-informed cus-
tomization adds value to current
behavior change interventions.

Evidence Reviews

Systematic literature reviews
could characterize categories
of physiological and subjective
adherence responses that are
common across behavioral inter-
ventions, such as stress tolerance,
reward and pleasure, mood, and
metabolism. The rationale for this
effort is to examine whether ad-
herence response macropheno-
types share common biological
mechanisms and genetic under-
pinnings (e.g., linking affective re-
sponse to dopamine receptor
genes).

A comprehensive literature re-
view also would help to map the
evidence along the temporal con-
tinuum of adherence from initial
attempts (initiation) through early
habituation (engagement) and
relapse---recovery responses
(reengagement). Such systematic
reviews could pave the way to
characterizing biobehavioral con-
ceptual models that are needed to
guide hypothesis development
and testing.

Generating Hypotheses

Conceptual models will be
essential in guiding systematic
consideration of the multiple
pathways that influence adher-
ence responses. Bryan et al.37

propose a model that suggests
possible points in the pathway
to improved physical activity at
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which to introduce interventions
(Figure 1); this model could be
applied to other types of behavior
change. The model posits that
individual variability, influenced
by genetics, in physiological re-
sponse (e.g., thermoregulation)
and in subjective experience (e.g.,
improved mood state) may ex-
plain individual reports of limited
tolerance for some or all aspects
of intervention recommenda-
tions. Building conceptual models
for a range of health behaviors
could guide discovery studies in
exploring whether genetically
influenced macrophenotypes that
inhibit intervention adherence
are common across behaviors
and along the adherence contin-
uum. Such information could
prompt innovation by moving
beyond behavior-specific inter-
ventions to target these macro-
phenotypes (e.g., tolerance for
negative mood or other physio-
logical responses prompted by
adherence).

Exploring pathways involved in
behavioral reward and reinforce-
ment is another worthwhile re-
search pursuit. Adherence to any
behavior change effort will be
influenced by the extent to which
it is rewarding, as experienced
through the application of various
schedules of reinforcement pro-
vided by the behavior change
program. Determining the extent
to which genomic variation is re-
lated to the variation in human
response to different schedules of
reinforcement could lend insight
into contingency management
(and the use of different schedules)
in the design of behavior change
programs personalized to varying
genetic makeups.38

Whether and how genomics
may contribute to choices regard-
ing alternative behaviors (healthy
and unhealthy) are questions as
yet largely unexplored.39 Re-
search is needed to elucidate the
underlying neurobiology of re-
sponses to various schedules of

reinforcement and behavioral
economic choices within the con-
text of behavior change interven-
tions. Early research suggests that
reward pathways and dopaminer-
gic functioning could play a cen-
tral role in maximizing adherence
to health behavior change pro-
grams and that innovative strate-
gies may be found to encourage
new behaviors to stimulate this
pathway.40,41

Discovery and Comparative

Effectiveness Studies

Literature review and concep-
tual model development may
point to candidate genes associ-
ated with adherence responses at
specific junctures along the ad-
herence continuum. Such ap-
proaches have been suggested for
understanding tobacco use and
dependence phenotypes.42 To our
knowledge, with the exception of
the Training Interventions and Ge-
netics of Exercise Response study,43

no research has characterized

adherence responses for specific
behavioral interventions or ex-
plored common responses across
behavioral interventions. Ongoing
large intervention programs (e.g.,
state quitlines and Weight
Watchers) that encourage self-
reported adherence (e.g., daily
food and activity diaries) could be
enlisted to add objective moni-
toring (e.g., personal digital as-
sistants, pedometers, heart rate
monitors) and biospecimens (e.g.,
buccal samples for DNA analysis),
thereby enabling the testing of
hypotheses derived from the pre-
vious steps in large, heterogeneous
samples.

Identifying conceptual path-
ways, candidate genes, and their
associations with adherence mac-
rophenotypes could pave the way
for prospective intervention trials
that put customization based on
genomic information to the ulti-
mate test: Do such approaches add
value to current behavior change
interventions, and are they cost
effective? Socioenvironmental
contexts and target populations for
which intervention adherence
presents the biggest challenge are
the best places to start with such
comparative effectiveness studies
because they hold the greatest
potential for public health impact.
However, in any efforts to inno-
vate, the interests of those who
benefit from current interventions
must be protected. Clearly, inter-
vention reach to these populations
must be maintained.44

COLLABORATION

Transdisciplinary collaborations
will be essential to building an evi-
dence base to reveal whether and
how genomics can contribute to
behavior change interventions.3 En-
gaging public health researchers—
including those in the social,
communication, and behavioral

FIGURE 1—Conceptual model of genetic and behavioral factors that influence uptake of physical activity.
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sciences—will be key in any trans-
lational research efforts to con-
sider whether genomic knowledge
can inform intervention innova-
tion and to integrate best practices
with that innovation. The deep-
ening appreciation that new ge-
nomic findings can engender con-
siderable public controversy and
concern about social impact
means that experts in community-
based participatory research also
will have a central role in these
endeavors.45,46

It will be important to build
collaboration readiness across
multiple disciplines to encourage
full participation and leadership in
shaping behavioral genomics re-
search questions and methods.
Building competencies in disci-
plinary cross talk, scientific advo-
cacy, and the team process will be
needed for these collaborations
to flourish and achieve their full
potential.

These efforts could expand the
collective scientific imagination
for efforts that move beyond the
current and limited focus on ge-
netic risk communications to mo-
tivate behavior change and to
begin considering whether genomic
knowledge can inform customized
recommendations that more suc-
cessfully help individuals modify
behaviors. Considering whether
genomic discoveries can catalyze
such innovations is warranted in
light of the crucial importance of
improving health behaviors for
redressing public health epidemics
(e.g., obesity) and the soaring health
care costs generated by chronic
disease. j
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