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In this essay, we describe

a new era of public health

research in which preven-

tion science principles are

combined with genomic

science to produce gene ·
intervention (G·I) research.

We note the roles of

behavioral and molecular

genetics in risk and protec-

tive mechanisms for drug

use and psychopathology

among children and ado-

lescents, and the results of

first-generation genetically

informed prevention trials

are reviewed. We also con-
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focuses on G·I effects on

mediators or intermediate

processes.

This research can be used

to further understanding of

etiological processes, to

identify individual differ-

ences in children’s and ado-

lescents’ responses to risk,

and to increase the preci-

sion of prevention pro-

grams. We note the caveats

about using genetic data to

select intervention partici-

pants. (Am J Public Health.

2013;103:S19–S24. doi:10.

2105/AJPH.2012.301080)

Gene H. Brody, PhD, Steven R. H. Beach, PhD, Karl G. Hill, PhD, George W. Howe, PhD,
Guillermo Prado, PhD, and Stephanie M. Fullerton, PhD

MORBIDITY AND MORTALITY

from noncommunicable diseases
among children and adolescents
have risen worldwide, whereas
for infectious diseases they have
declined.1 Accordingly, the pre-
vention of noncommunicable
causes of childhood and adoles-
cent mortality has risen in im-
portance. Problem behaviors that
increase the short- and long-term
likelihood of morbidity and mor-
tality are largely preventable.
These behaviors include unsafe
sex; the use of alcohol, tobacco,
and other drugs; and depression
and antisocial behavior.2 Preven-
tion science was established as
a discipline more than 30 years
ago to mitigate these public health
problems. Guided by longitudi-
nal, epidemiological studies that
provided an understanding of
risk and protective factors rele-
vant to many of these problem
behaviors, developmentally appro-
priate prevention programs were
constructed that evince both short-
and long-term reductions in be-
haviors that compromise adoles-
cents’ health. In this essay, we
describe a new era of public health
research in which the principles of
prevention science are combined
with genomic science to obtain
new insights into the etiology and
prevention of adolescent problem
behaviors. In the sections that
follow, we

1. provide an overview of the
roles of behavioral and molec-
ular genetics in the etiology of

risk and protective mecha-
nisms,

2. describe the ways in which
randomized prevention trials
can be used to test etiological
hypotheses involving gene ·
environment interactions (G·E)
and gene---environment corre-
lations (rGE),

3. review existing and forthcom-
ing gene · intervention inter-
action (G·I) research,

4. explain how G·I research can
increase the precision of pre-
ventive interventions through
fostering a greater understand-
ing of nonspecific environmen-
tal effects, and

5. offer some caveats about the
use of genetic data to select
participants for preventive
interventions.

We provide a glossary of terms
that may be unfamiliar to some read-
ers in the box on the following page.

GENOTYPIC INFORMATION
AND PREVENTION
SCIENCE

To date, etiological models of
drug use disorders, psychopa-
thology, and the studies they
have sponsored have focused
primarily on social (e.g., family,
peer, and community-level pro-
cesses) and psychological (e.g.,
temperament and self-regulation)
determinants. Such models, how-
ever, are incomplete. Vulnerabil-
ities to tobacco, alcohol, and
marijuana dependence, emotional

problems, and behavioral prob-
lems are likely to be influenced
by a combination of environ-
mental and genetic factors, me-
diated in part through psycho-
logical processes.3,4 These
contributions include genetic
main effects, G·E, and rGE,
which are collectively called
gene---environment (G---E) inter-
play.4 G·E can be seen either as
the moderation of genetic effect
by environmental influence or the
moderation of environmental in-
fluence by genotype. For example,
human children and primates
whose genotypes predispose them
to high impulsivity may develop
poorly in adverse environments
but develop normally in nurturing
environments.5,6

Most existing findings on G---E
interplay in humans as it relates to
drug use and psychopathology
have come from genetic epidemi-
ology, a branch of science that
seems ideal for demonstrating that
G·E and rGE exist in nature and
affect etiology. Prevention science
has less often been considered as
an important source of basic in-
formation about the impact of
genetic variation on drug use and
psychological adjustment out-
comes. This oversight is unfortu-
nate, because prevention science
has considerable potential to refine
G---E hypotheses and to investigate
causal mechanisms that are diffi-
cult to explicate in traditional ge-
netic epidemiological designs. We
propose that, through manipulated
environments in randomized
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prevention trials, preventive inter-
ventions permit a more facile dis-
entangling of environments from
genetic influences and, therefore,
greater flexibility in characterizing
the nature of G---E interplay.
Thus, the use of randomized in-
tervention designs brings the
power of experimental manipula-
tion to the study of G---E interplay,
advancing understanding of drug
use, drug abuse, and psychopa-
thology and, thereby, increasing
the power of future prevention
efforts.7

GENETICS IN RISK AND
PROTECTIVE
MECHANISMS

This article focuses particularly
on G·E and rGE processes. Be-
havioral genetic approaches (in-
cluding, for example, twin studies)
have demonstrated the interplay
of genetics and social determinants
in drug use etiology. Through
comparisons of monozygotic and
dizygotic twins, significant heri-
tability has been documented
for drug use, drug abuse, and
psychopathological propensities,

providing much of the impetus for
subsequent molecular studies.8

The interaction of heritability esti-
mates with sociodemographic fac-
tors such as poverty9 and rural
versus urban residence,10 a G·E
effect, has further illustrated the
ways in which environments con-
strain the expression of genetic
tendencies. Quantitative genetic
studies have also been particularly
instrumental in sensitizing re-
searchers to rGE that occur when
genetic variation influences expo-
sure to life circumstances, such as
harsh parenting11 and stressful life
events.12 Because such rGE can
masquerade as environmentally
mediated events, for example, the
effects of parents’ own genes on the
environments they create for the
children who share those genes,
scientists must be cautious about
inferring direct environmental
causation.

In addition, rGE findings may
help with the identification of
modifiable phenotypes and inter-
vening processes that potentially
mediate between genotypic varia-
tion and outcomes involving drug
use, emotional problems, and

behavior problems. For example,
if genetic variation contributes
to impulsivity or child conduct
problems, and parental responses
to these behaviors predict later
adolescent substance use,13 this
mediated rGE may highlight an
important intermediate phenotype
(impulsivity or child conduct dis-
order) and a potential moderating
environmental process (parent
negativity) that form a pathway to
adjustment and drug use prob-
lems.14 In such cases, prevention
trials could be used to test the
practical significance of targeting
such hypothesized mediators. If
the E (parent negativity) identified
in an rGE mediates the impact of
G on substance use and can be
modified, this makes the E an
interesting potential target for
a preventive intervention. If the
environmental mediator can be
changed through a preventive in-
tervention (e.g., if parents can
be taught not to respond with
hostility to their children’s coer-
cive behavior), prevention trials
can demonstrate the practical
significance of rGEs for identify-
ing points of intervention in

prevention programs. Of course,
in the process of demonstrating
this practical significance, the
prevention design will show that
the environment can be made less
responsive, turning the rGE into
a G·E effect through successful
intervention.

Molecular (i.e., measured gene)
G·E studies in the etiology of drug
use and psychopathology are rel-
atively new. Many of these initial
G·E studies examined the influ-
ence of variations in particular
candidate genes (e.g., dopamine
receptor and serotonin trans-
porter). Recently, rather than fo-
cusing on the effect of variations
in single candidate genes, re-
searchers are increasing their
emphasis on gene sets15,16 and
pathway-based approaches.17,18

Evidence for G·E influences in-
formed by molecular genetics is
also available in animal models.
For example, Suomi19 demon-
strated that monkeys at genetic
risk that were raised in a sup-
portive social environment did
not consume alcohol excessively.
This finding has parallels with
substance use among human

Glossary of Terms for Etiological Hypotheses about Child and Adolescent Drug Use and Psychopathology

Gene-environment correlations (rGE): rGE occur (1) when genetic factors contribute to individual differences in exposure to positive or negative life events (e.g., when genetically influenced

characteristics such as sociability or irritability evoke positive or negative responses from others), or (2) when genetically influenced behavior (such as risk-taking propensities) affects the

individual’s choice of environmental experiences.

Gene · environment interactions (G·E)a: occur when genetic variation alters an individual’s sensitivity to specific environmental effects or when environmental effects exert differential
control by ameliorating or amplifying genetic effects.

Indicated interventions: Interventions that target individuals at high risk (such as those exposed to chronic adversities, including poverty and harsh parenting) who do not meet the criteria

for a diagnosable disorder.

Prevention science: A public health approach to prevention that uses risk and protective mechanisms identified through epidemiological research with target populations as the basis for

prevention program content.

Quantitative behavioral genetics: The use of naturally occurring variation in the genetic relatedness of family members to identify genetic and environmental contributions to behavior. The

most common example is the twin design, in which similarities and differences in identical (monozygotic) and fraternal (dizygotic) twins are compared as a means of estimating genetic and

environmental influences.

Selective interventions: Interventions that target individuals who have 1 or more risk factors (such as peer drug use or parental depression), but who are not symptomatic (do not themselves

use drugs or experience depressive symptoms).

Universal interventions: Interventions designed to improve targeted outcomes for everyone in the population, regardless of risk status.

aExamples of G·E effects include specific genotypes’ rendering individuals more susceptible to all experiences, good or bad, and high levels of parental involvement and monitoring decreasing the
association of a risk genotype with youth conduct problems and drug use.
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adolescents. Parental monitoring
of youths’ whereabouts and ac-
tivities substantially alters the
impact of genetic contributions to
smoking.20 Other research dem-
onstrated that the prospective
association of racial discrimina-
tion with adolescent conduct
problems emerged only for
youths who carried a gene that
increases sensitivity to threaten-
ing events and punishment
cues.21 These findings suggest
considerable grounds for optimism
about the application of molecular
genetics in prevention program
evaluations.

USE OF RANDOMIZED
PREVENTION TRIALS TO
TEST HYPOTHESES

The use of randomized pre-
vention trials is an effective means
of determining whether an envi-
ronmental factor has attained
causal status. Through the imple-
mentation of such trials, a causal
relationship between an environ-
mental manipulation and the al-
teration of a targeted outcome can
be identified.22 Randomized pre-
vention trials rule out rGE as rival
explanations. Experimental ran-
dom assignment of participants to
a prevention or control condition
eliminates biases that reflect rGE.
For example, youths with certain
genotypes may select deviant
peers (active rGE), or parents with
specific genotypes that their chil-
dren share produce particular
kinds of family environments
(passive rGE). Accordingly, ran-
dom assignment has the advan-
tage of ruling out these potential
rGE confounders that, in epide-
miological designs, may be mis-
taken for pure environmental ef-
fects. Finally, the testing of G·E
hypotheses using randomized
prevention trials may enhance
statistical power as much as

5-fold over epidemiological
genetic approaches23; conse-
quently, fewer participants may
be needed to detect G·E in
a randomized trial. Most impor-
tantly, testing G·E hypotheses in
the context of prevention trials
broadens the conceptual models
guiding such trials, contributing
to progress within the Institute of
Medicine2 prevention develop-
ment cycle.

FIRST-GENERATION GI
RESEARCH AND DATA
INTEGRATION

Existing prevention trials can
serve as experimental contexts
into which genetic assessments
can be integrated. We term this
first-generation G·I research.
To date, approximately 10 such
studies have been funded through
the National Institutes of Health,
as identified through searches of
NIH RePORTER (http://project-
reporter.nih.gov/reporter.cfm;
March 7, 2012). Several first-
generation studies have provided
provocative initial evidence of the
utility of randomized controlled
trials in circumventing the issues
inherent in epidemiological G·E
studies. In a randomized trial of
a family-centered intervention
designed to delay initiation and
escalation of risk behaviors during
preadolescence among African
American youths, Brody et al.
found that the intervention pro-
tected children carrying 1 or 2
copies of the serotonin transporter
short allele at the 5-HTTLPR.24

Other preliminary evidence has
shown intervention efficacy to be
genetically moderated by the
7-repeat version of the dopamine
receptor-4 gene (DRD4). Specifi-
cally, toddlers who carried this
allele showed a greater reduction
in disruptive behavior after par-
enting skill intervention than did

children who did not carry this
allele.25 In another experiment,
kindergarten students with this
genotype were affected more
positively than were those with-
out it when randomly assigned to
play computer games designed to
enhance their phoneme aware-
ness skills.26 Beach demonstrated
that preadolescents who carried
the 7-repeat version of DRD4
and were assigned to take part
in an intervention program
evinced considerably less drug
use across 2 years than did
youths with the same genotype
who were assigned to the control
group.27 Finally, Brody et al.
found that African American ad-
olescents carrying the 7-repeat
allele benefitted most from
a family-centered prevention
program designed to prevent
the use of alcohol and other
drugs.28 Taken together, this lit-
erature suggests that those at
highest genetic risk may be
most likely to benefit from
behavioral or environmental
interventions.

Although these genetically
moderated intervention effects
are based on rather small samples
(numbers ranged from 157---400),
they provide experimental support
for the importance of G·E while
suggesting etiological hypotheses
and powerful strategies for exami-
nation of candidate G·E effects.
These studies also indicate that,
for genetic reasons, individuals
differ in the extent to which they
are affected by exposure to en-
vironmental influences.29,30

These first-generation G·I studies
were designed to document that
genetic variation interacts with
the environments that existing
interventions create, thereby
forecasting phenotypic varia-
tions. Future first-generation
research will examine G·I ef-
fects for networks of candidate

genes, across different develop-
mental stages, across gender,
across cultural and community
contexts, and for different out-
comes (e.g., drug use, conduct
problems, depression) to deter-
mine generalizability.

SECOND-GENERATION
GI RESEARCH ON
MECHANISMS

Prevention scientists only re-
cently have begun to examine the
processes that account for or me-
diate first-generation G·I findings.
Research designed to lead to an
understanding of the locus of G·I
effects can be termed second-
generation G·I research. For ex-
ample, in the context of family-
centered substance use prevention
trials, Brody et al.28 demonstrated
that G·I effects on increases in
protective parenting accounted
for G·I effects on targeted pre-
vention outcomes. Although
randomized trials such as these
provide a powerful context for
examining mediators and inter-
vening processes,7 they are con-
strained by their considerable cost
and logistical complexity. This is
particularly true when hypothe-
sized mediators are not yet well
understood. In such cases, micro-
trials, a complementary experi-
mental research design, may be
used to provide more precise tests
of mediational hypotheses. Micro-
trials are randomized experiments
that test the effects of relatively
brief and focused environmental
manipulations that are designed to
suppress specific risk mechanisms
or enhance specific protective
mechanisms, but not to bring
about full prevention effects in
distal outcomes.31 Microtrials are
designed to test the malleability of
specific risk or protective mecha-
nisms and to provide information
indicating whether and how
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specific prevention program com-
ponents bring about meaningful
change in those mechanisms.
Microtrials can provide a transla-
tional bridge between basic labo-
ratory or observational longitudi-
nal field studies and full-scale
prevention trials.

Genetic information can be in-
corporated into microtrials in 2
ways. First, existing research on
rGE and putative risk or protective
mechanisms can guide the devel-
opment of carefully tailored brief
preventive interventions that
serve as environmental manipula-
tions to change key mechanisms.
For example, recent studies of
variants of the serotonin trans-
porter gene suggest that individ-
uals with the less efficient allele
may be more emotionally reactive
to stressful life events32 and more
responsive to social validation
and support.24 To test the appli-
cability of such findings to pre-
ventive interventions, a relatively
inexpensive microtrial might be
used to determine whether brief
validation and support sessions
reduce individuals’ reactivity to
socially stressful situations and do
so to a greater degree for those
with the less efficient allele of 5-
HTT. If so, this underscores the
potential importance of this path-
way in reaching some vulnerable
individuals. Second, genetic infor-
mation can be used directly to
inform the microtrial design
through use of a 2-stage sampling
procedure in which DNA is col-
lected and assignment to condition
is stratified based on genotype.
This design permits the creation of
optimal genotype distributions,
thus maximizing the statistical
power of G·E tests.

Microtrials have important ad-
vantages as tests of both etiologi-
cal theory and theories of change
relevant to prevention science.
Compared with observational

field studies, they are likely to
have much greater power to de-
tect G·E using much smaller
samples because of direct control
of environmental factors, use of
stratification to insure indepen-
dence of genetic and environ-
mental variables, and greater
measurement precision.23 Micro-
trials also are inexpensive com-
pared with full-scale trials be-
cause they involve much smaller
samples and more limited inter-
vention and measurement. In
addition, microtrial designs can
be used in genetically informed
studies to test the malleability
of risk or protective mechanisms
before the development or re-
finement of a larger prevention
program that more extensively
targets multiple factors.

GI RESEARCH AND
PREVENTIVE
INTERVENTIONS

Based on information gained
from etiological G·E studies of
drug use, drug abuse, and psy-
chopathology, and from first- and
second-generation G·I studies,
research can be designed to in-
crease the precision of preventive
interventions by addressing
questions concerning nonspecific
environmental effects. Various
environmental risk mechanisms
have nonspecific effects on the
use and abuse of alcohol and
other drugs and on the interme-
diate phenotypes that forecast
them. For example, exposure to
family conflict and violence,
harsh parenting, stressful life
events involving loss or threat,
and economic insecurity all fore-
cast both internalizing and exter-
nalizing problem phenotypes as
well as drug use and abuse.33

A potential explanation for these
nonspecific effects may be that
particular adverse childhood

events are connected to different
intermediate phenotypes and
different drug use and psychopa-
thology outcomes through dif-
ferent G·E pathways. For ex-
ample, it has been shown that
early adversity forecasts depres-
sive symptoms among carriers
of the short allele at the
5-HTTLPR and antisocial be-
havior among carriers of high-
activity alleles of MAOA. These
findings show that exposure to
early adversity in combination
with different gene systems
culminates in different adjust-
ment phenotypes.34,35

Identifying protective mecha-
nisms in individuals, families,
schools, and communities; linking
their beneficial effects to various
intermediate phenotypes that
forecast drug use initiation and
escalation, emotional problems,
and behavior problems; and in-
suring that they constrain the
combined impact of genomic
and environmental effects will
provide important information for
building a new generation of pre-
ventive interventions that target
multiple positive outcomes. If ge-
netically susceptible or vulnerable
subgroups can be identified for
analysis, modest associations may
prove to be stronger and more
specific than was previously be-
lieved. It will be important in
building this next generation of
preventive interventions to de-
scribe the extent to which devel-
opmental stage, gender, and sig-
nificant contextual factors modify
the impact of nonspecific protec-
tive factors.

USING GENETIC DATA TO
SELECT PARTICIPANTS

The discussion thus far has
focused on the ways in which the
integration of genetic data into
prevention trials can enhance

understanding of etiology and the
design of more effective inter-
ventions. It is natural, therefore,
to ask whether such preventive
interventions would also be
more efficacious and cost-
effective if only those individuals
who responded most strongly
were selected to receive them.
That is, if genes moderate re-
sponse to preventive interven-
tions, should we identify and se-
lect individuals for preventive
interventions based on geno-
types? Targeting interventions
by genotype is problematic for
several reasons, 4 of which are
reviewed briefly in the following
sections.

Targeted Intervention and the

Prevention Paradox

A major concern about target-
ing preventive interventions to in-
dividuals at high risk, whatever
risk mechanisms are involved, is
the so-called “prevention para-
dox.” This phenomenon is a seem-
ingly contradictory situation in
which the majority of cases of
a complex disorder come from
a population at low or moderate
risk for that disorder, with only
a minority of cases coming from
the high-risk population.36 Aiming
prevention only at those at high
relative risk might reduce their
individual risk, but it would do
little to reduce the total preva-
lence of the disorder in the pop-
ulation. This concern is well
worth considering before geno-
type is used as a selection crite-
rion for preventive intervention,
even in the case of selective pre-
vention programs.

Potential for Discrimination or

Stigmatization

Another major concern in
identifying and selecting individ-
uals for preventive interventions
is the possibility of stigmatization
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or discrimination arising from
such selection.37,38 Asymptom-
atic individuals or their family
members may be treated differen-
tially based on real or presumed
genotype.39 Conversely, and simi-
larly to the prevention paradox,
negative effects could also accrue
to those not selected. Children or
parents not selected for preven-
tion programming might feel in-
appropriately invulnerable to the
risk of drug-related, emotional, or
conduct problems. These con-
cerns are reasons to avoid the
adoption of genetically targeted
interventions.

Growing Impracticality of

Genotypic Targeting

We anticipate that the number
of genotypes found to confer sus-
ceptibility, vulnerability, or risk at
various developmental stages and
in different contexts will continue
to increase, particularly as candi-
date gene approaches are replaced
with gene-network approaches. As
the list of relevant genes becomes
longer, the direct use of genotypes
in the selection of individuals for
participation in prevention pro-
grams will become increasingly
impractical for several reasons.
First, given a sufficient number of
relevant genes, the number of
“risk-free” individuals will become
negligible. Second, even if one as-
sumes thatmultiple, independently
distributed genes contribute by
themselves to susceptibility, vul-
nerability, and risk, the distribution
of risk genes is likely to take on
the shape of a normal (Gaussian)
distribution, confounding efforts
to create clear “risk” and “nonrisk”
groups. In such circumstances,
creation of genetic risk groups
will be arbitrary, with most of the
general population having inter-
mediate risk status. To the extent
that selection for risk is desirable
in the context of prevention trials,

it is likely that high-risk status
will be captured best by giving
attention to the intermediate
phenotypes and intervening pro-
cesses that genes influence and
moderate rather than to discrete
genotypes.

Recommendations

We believe that broadly deliv-
ering both universal and selective
preventive interventions without
targeting individuals based on ge-
netic vulnerability may reach
a larger segment of the genetically
vulnerable population37 and, con-
sequently, be more effective in
affecting population-level preva-
lence of these common and
costly public health problems.
Nevertheless, we believe that in-
corporation of G---E interplay
processes will benefit prevention
programs by expanding under-
standing of the intermediate
phenotypes and processes that
account for preventive interven-
tion program success, enabling
program designers to incorpo-
rate new targets and enhancing
overall impact in the general
population.

SUMMARY

Children’s and adolescents’ drug
use and abuse, emotional problems,
and behavior problems have
well-documented environmental
causes. First- and second-generation
G·I research will help expand
scientific understanding of etio-
logical mechanisms underlying
these problems, and this progress
will continue as more data become
available over the next several years.
As with all research, initial signif-
icant G·I findings must be repli-
cated to determine their robustness
and generalizability. These data
will help to inform the development
of a new generation of prevention
programs that target multiple

outcomes and impart to re-
searchers greater precision re-
garding population-level impact.
Genomics and prevention science
research are joining forces to look
for answers and, in so doing, in-
crease the impact of preventive in-
terventions. We look forward to
seeing the results. j
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