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Abstract

This study was designed to investigate a genetic moderation effect of dopamine receptor-4 gene 

(DRD4) alleles that have 7 or more repeats (“long” alleles, l) on an intervention to deter drug use 

among rural African American adolescents in high-risk families. Adolescents (N = 291, M age = 

17) were assigned randomly to the Adults in the Making (AIM) program or to a control condition 

and were followed for 27.5 months. Adolescents provided data on drug use and vulnerability 

cognitions 3 times after pretest. Pretest assessments of caregiver depressive symptoms, disruption 

in the home, and support toward the adolescent were used to construct a family risk index. 

Adolescents living in high-risk families who carried at least one l allele and were assigned to the 

control condition evinced greater escalations in drug use than did (a) adolescents who lived in 

high-risk families, carried the l allele, and were assigned to AIM or (b) adolescents assigned to 

either condition who carried no l alleles. AIM-induced reductions in vulnerability cognitions were 

responsible for the family risk × AIM × DRD4 status drug use prevention effects. These findings 

support differential susceptibility predictions and imply that prevention effects on genetically 

susceptible individuals may be underestimated.
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Background

To date, etiological models of drug use disorder, psychopathology, and the studies they have 

sponsored have focused primarily on social (e.g., family, peer, and community-level 

processes) and psychological (e.g., temperament and self-regulation) determinants. Such 

models, however, are incomplete. Vulnerabilities to tobacco, alcohol, and marijuana 

dependence are likely to be influenced by a combination of environmental and genetic 
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factors, mediated in part through psychological processes (Kreek, Nielsen, Butelman, & 

LaForge, 2005; Rutter, Moffitt, & Caspi, 2006). These contributions include genetic main 

effects, gene × environment interactions (G×E) and gene-environment correlations (rGE), 

collectively called gene-environment (G-E) interplay (Rutter et al., 2006). G×E can be seen 

either as the moderation of a genetic effect by environmental influence or the moderation of 

environmental influence by genotype. For example, human children and primates whose 

genotypes predispose them to high impulsivity may develop poorly in adverse environments 

but normally in nurturing environments (Barr et al., 2004; Pauli-Pott, Friedl, Hinney, & 

Hebebrand, 2009). Gene-environment correlations occur (a) when genetic factors contribute 

to individual differences in exposure to positive or negative life events (such as when 

genetically influenced characteristics such as sociability or irritability evoke positive or 

negative responses from others), or (b) when genetically influenced behavior (such as risk-

taking propensities) affects the individual’s choice of environmental experiences.

Most existing findings on G-E interplay in humans as it relates to drug use have come from 

genetic epidemiology, 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 information about the impact of genetic variation on drug use 

and psychological adjustment outcomes. This oversight is unfortunate, because prevention 

science has considerable potential to refine G-E hypotheses and to investigate causal 

mechanisms that are difficult to explicate in traditional genetic epidemiological designs. We 

propose that, through manipulated environments in randomized prevention trials, preventive 

interventions permit a more facile disentangling of environments from genetic influences 

and therefore greater flexibility in characterizing the nature of G-E interplay. Thus, the use 

of randomized intervention designs brings the power of experimental manipulation to the 

study of G-E interplay, advancing understanding of drug use and abuse, and thereby 

increasing the power of future prevention efforts (Howe, Reiss, & Yuh, 2002).

Through the implementation of prevention trials, a causal relationship between an 

environmental manipulation and the alteration of a targeted outcome can be identified 

(Rutter, 2005). Randomized prevention trials rule out rGE as rival explanations. 

Experimental random 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 children share 

produce particular kinds of family environments (passive rGE). Accordingly, random 

assignment has the advantage of ruling out these potential rGE confounds that, in 

epidemiological designs, may be mistaken for pure environmental effects. In addition, the 

testing of G×E hypotheses using randomized prevention trials may enhance statistical power 

as much as five-fold over epidemiological genetic approaches (Bakermans-Kranenburg & 

van IJzendoorn, in press; Van IJzendoorn, 2013); consequently, fewer participants may be 

needed to detect a G×E interaction in a randomized trial. Most importantly, testing G×E 

hypotheses in the context of prevention trials broadens the conceptual models guiding such 

trials, contributing to progress within the Institute of Medicine prevention development 

cycle (O’Connell, Boat, & Warner, 2009).

Brody et al. Page 2

Dev Psychopathol. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



First- and Second-Generation Gene × Intervention Research

Existing prevention trials can serve as experimental contexts into which genetic assessments 

can be integrated. We term this first-generation gene × intervention (G×I) research. 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. Evidence has shown intervention efficacy to be genetically moderated by the 7-

repeat version of the dopamine receptor-4 gene (DRD4). Specifically, toddlers who carried 

this allele showed a greater reduction in disruptive behavior after parenting skill intervention 

than did children who did not carry this allele (Bakermans-Kranenburg, van IJzendoorn, 

Pijlman, Mesman, & Juffer, 2008). In another experiment, kindergarten students with this 

genotype were affected more positively than were those without it when randomly assigned 

to play computer games designed to enhance their phoneme awareness skills (Kegel, Bus, & 

van IJzendoorn, 2011). Beach, Brody, Lei, and Philibert (2010) demonstrated that 

preadolescents who carried the 7-repeat version of DRD4 and were assigned to take part in 

the Strong African American Families intervention program (Brody et al., 2004) evinced 

considerably less drug use across 2 years than did youths with the same genotype who were 

assigned to the control group. Brody, Chen, et al. (2013) found that African American 

adolescents carrying the 7-repeat allele benefitted most from the family-centered Strong 

African American Families–Teen intervention program (Brody, Chen, Kogan, et al., 2012) 

designed to prevent the use of alcohol and other drugs. These studies also indicate that, for 

genetic reasons, individuals differ in the extent to which they are affected by exposure to 

environmental influences. Bakermans-Kranenburg and van IJzendoorn (2011) executed a 

meta-analysis supporting the proposition that dopamine-related genes fostered differential 

susceptibility to environmental influences, including constructed environments such as 

prevention programs. Prevention scientists only recently have begun to examine the 

processes that account for or mediate 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 example, in the context of a family-centered substance use prevention trial, 

Brody, Chen, et al. (2013) demonstrated that G×I effects on increases in protective parenting 

accounted for G×I effects on adolescent drug use. The purpose of the present study was to 

test both first- and second-generation G×I hypotheses with a sample of rural African 

American youths during their transitions to emerging adulthood.

The Current Study

For young African American adults living in the rural Southern United States, transitions 

after secondary school are unstructured and left largely to individual initiative. When they 

leave school, many have no jobs. Eventually, they find part-time or full-time employment 

performing simple functions in retail service-sector jobs that offer little training and no 

opportunity for advancement. Job turnover rates are high during this period, as the combined 

effects of poor preparation for employment and disadvantageous hiring practices make the 

transition to the workforce a protracted and demoralizing process (Gore & Aseltine, 2003). 

Some who see no pathway to adequate subsistence, much less the attainment of life goals, 

cope by increasing drug use (Brody, Chen, & Kogan, 2010). These circumstances and the 

need for prevention programs for rural African American young adults led to the 
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development of the Adults in the Making (AIM) program (Brody, Chen, Kogan, Smith, & 

Brown, 2010).

AIM is a universal, family-centered preventive intervention that was designed to enhance 

protective family and self-regulatory processes, promote resilience, and deter drug use. A 

cluster of protective parenting processes was identified from longitudinal, epidemiological 

research with rural African Americans. This cluster, targeted in AIM, includes the provision 

of developmentally appropriate emotional and instrumental support, occupational and 

educational mentoring, and racial socialization that includes strategies for dealing with 

discrimination. AIM training experiences for adolescents included enhancement of 

developmentally appropriate, planful self-control skills and problem-focused coping in 

response to racial discrimination; development and pursuit of educational or occupational 

plans; and formation of strategies for accessing support from community resources. Recent 

studies have shown AIM’s efficacy in deterring drug use, particularly for youths 

experiencing high levels of life stress (Brody, Chen, Kogan, et al., 2010) and contextual risk 

(Brody, Yu, Chen, Kogan, & Smith, 2012). As part of these evaluations, saliva samples were 

obtained from which the dopamine receptor-4 (DRD4) was genotyped.

A basic premise of the study is that living in a high-risk family context sponsors increases in 

drug use. The risky family model offers a psychosocial account of the impact that family 

stress exerts on drug use (Repetti, Taylor, & Seeman, 2002). It posits that some families 

confer risk for later drug use by producing emotionally cold, disorganized, and 

nonsupportive environments in which primary caregivers evince elevated levels of 

depression. Cross-sectional and prospective surveys with adolescents have found initiation 

and escalation of drug use to be positively associated with family environments 

characterized by low levels of positive affect along with a lack of parental instrumental and 

emotional support (Stone, Becker, Huber, & Catalano, 2012). We term such family 

environments high-risk. Baumeister and Scher (1988) advanced a parsimonious 

interpretation of this link. People desire the quickest possible escape from life stress and the 

negative affect that accompanies it; this increases the attraction of activities that provide 

rapid, though short-term, relief. Thus, the “quick fix” that drug use offers becomes appealing 

regardless of possible long-term costs to health and well-being.

The primary purpose of this study was to test multilevel predictors regarding a genetic 

moderation effect on the efficacy of AIM in deterring drug use for young adults living in 

high-risk family contexts. We did not expect genetic variation to have a direct linear 

association with drug use escalation; instead, we expected genetic status to predict variation 

in young adults’ responses to AIM participation, particularly among those living in high-risk 

family environments. This perspective is consistent with differential susceptibility theory, in 

which genetic variation is hypothesized to render individuals more or less vulnerable to both 

positive and negative aspects of the environment (Belsky, Bakermans-Kranenburg, & van 

IJzendoorn, 2007; Belsky & Pluess, 2009, 2013; Ellis, Boyce, Belsky, Bakermans-

Kranenburg, & van IJzendoorn, 2011).
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Who: DRD4

One such genetic factor is a variation at the dopamine receptor D4 (DRD4) gene. We tested 

a hypothesis involving the presence of an allele with 7 or more repeats. The 7-repeat allele 

of DRD4 is associated with reduced gene expression (Schoots & Van Tol, 2003) and altered 

functioning (Asghari et al., 1995; Asghari et al., 1994). This gene is also associated with 

behavioral self-control problems, such as alcoholism (Laucht, Becker, Blomeyer, & 

Schmidt, 2007), use of alcohol and other drugs (Brody, Chen, Yu, et al., 2012), and 

impulsivity (Eisenberg et al., 2007). Relevant to the current study’s purposes, dopamine may 

be important in the development of cognitions that orient youths toward drug use. Studies 

have shown that the pairing of drug-related cues—such as peer talk about drugs, peer use, or 

media depictions of drug use—with subsequent dopamine release in the limbic system and 

prefrontal cortex increase drug-seeking behaviors (Hyman, Malenka, & Nestler, 2006). One 

explanation for the link between dopamine and drug-related cues is the incentive 

sensitization theory (Franken, Stam, Hendriks, & van den Brink, 2003). When youths are 

presented with a drug-related cue, they may experience an increase in dopaminergic activity 

in brain regions related to selective attention (i.e., amygdala, anterior cingulate cortex, 

regions of the prefrontal cortex). Subsequently, the youth becomes focused on drug use, 

leading to drug-seeking behavior. In this study, we propose that carriers of the DRD4 allele 

with 7 or more repeats will be likely to develop drug use vulnerability cognitions, 

particularly if they live in a high-risk family context and are in the control condition of the 

AIM trial.

As mentioned previously, evidence is accumulating to indicate that carriers of at least one 

allele of DRD4 with 7 or more repeats experience heightened susceptibility to environmental 

influences, including exposure to prevention and intervention programs (Bakermans-

Kranenburg & van IJzendoorn, 2011; Brody, Beach, et al., 2013). Most studies characterize 

DRD4 alleles as either “short” (s) or “long” (l), with the short allele defined as having 6 or 

fewer repeats and the long allele as having 7 or more repeats (McGeary, 2009). Accordingly, 

this convention is followed in the present study, in which individuals with two s alleles were 

contrasted with those carrying one or two l alleles. We proposed that young adults who 

carried at least one l allele of DRD4, who were assigned to the control condition and lived in 

a high-risk family context would evince more drug use over time than would (a) carriers of 

at least one l allele who were assigned to the AIM condition and lived in a high-risk family 

context, (b) young adults assigned to either condition who carried two s alleles, or (c) young 

adults who did not live in a high-risk family context.

How: Vulnerability Cognitions

Even with its complexity, the aforementioned hypotheses provide an example of first 

generation gene × environment (G×E) interaction research. As mentioned previously, this is 

an important and necessary step in understanding the etiology of drug use and abuse, it does 

not further understanding of the reasons why or the processes through which the G×E 

interaction operates to influence a phenotype such as drug use trajectories. To address the 

need for second-generation G×E research, in the present study we also hypothesized a G×E 

interaction in which young adults who live in a high-risk family context, are assigned to the 

control condition, and carry one or two l alleles of DRD4 would evince increases in 
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vulnerability cognitions for drug use, a proximal risk factor for escalation. We further 

proposed that this interaction would account for the family risk × AIM participation × DRD4 

interaction. We discuss this mediated moderation effect next.

We conjectured that African American emerging adults who experience high levels of 

family stress may come to believe that they have little to lose by abandoning planful, 

conventional orientations in favor of a present orientation that promotes “living in the 

moment.” These young adults are at heightened risk of developing cognitions that increase 

their likelihood of drug use, such as intentions to use drugs, willingness to use, and positive 

prototypes or images of drug-using peers. These cognitions start to develop at an early age 

and continue to develop during young adulthood, serving as proximal risk mechanisms in 

longitudinal, etiological research forecasting drug use escalation (Chassin, Tetzloff, & 

Hershey, 1985; Cleveland, Gibbons, Gerrard, Pomery, & Brody, 2005). Behavioral 

willingness is defined as an openness to using drugs given an opportunity to do so—that 

which a young adult might do under certain circumstances such as the presence of drug-

using friends (Cleveland et al., 2005). Intentions to use drugs predict actual use more 

strongly with increasing age, as drug use becomes more deliberate and, in some cases, 

habitual (Pomery, Gibbons, Reis-Bergan, & Gerrard, 2009). Prototypes are images of a 

particular type of person, for example, young adults who use drugs (Chassin, Presson, 

Sherman, Corty, & Olshavsky, 1984). Positive images of drug-using peers predict drug use 

and other health-risk behaviors on the part of those who hold the images (Cleveland et al., 

2005). To maximize predictive power, we formed a construct labeled vulnerability 

cognitions that comprises willingness, intentions, and prototypes. We predicted that (a) 

African American young adults who live in a high-risk family context, were assigned to the 

AIM condition, and carried at least one l allele of DRD4 would evince decreases in 

vulnerability cognitions for drug use, whereas similar youths in the control condition would 

evince increases in vulnerability cognitions over time; and (b) these changes would serve as 

a mediator connecting the family risk × AIM participation × DRD4 genotype interaction 

with changes in drug use.

Method

Participants

Participants in the AIM trial included 367 African American youths who were in high 

school at the beginning of the study (M age = 17.0 years, SD = 0.75). Their families had an 

average of 2.4 children. Of the youths in the sample, 59.1% were female, and 63.6% lived in 

single-mother-headed households. Primary caregivers, whose mean age was 44.0 years (SD 

= 8.50), were the target youths’ biological mothers. A majority of the youths’ caregivers 

(78.7%) had completed high school or earned a GED. The median family income of $2,012 

per month was representative of the sampled population (Boatright, 2005). The genetic data 

were collected when the youths were 17 years of age. Of the 367 youths who participated in 

the AIM trial, 291 agreed to provide DNA (79.3% of the original sample). These 291 

participants constituted the sample in this study. Of this subsample, 142 were assigned to the 

intervention condition and 149 were assigned to the control condition. Participants provided 

data at pretest (2.5 months pre-intervention), at posttest (Wave 2, 6.4 months after pretest), 
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and at two long-term follow up assessments (Wave 3, 16.6 months after pretest; Wave 4, 

27.5 months after pretest). Wave 4 data were collected from 255 participants (87.6%). The 

equivalence of the baseline assessments of the study variables for participants who provided 

or did not provide DNA data by prevention group assignment were evaluated via two-factor 

multivariate analyses of variance (MANOVAs). No significant main effects or interaction 

effects emerged for any study or confounder variables. Additional analyses, using ANOVAs 

and chi-square, of the study variables’ baseline equivalence among participants in the AIM 

and control groups who provided DNA data did not detect any differences (see Table 1).

Procedure

To enhance rapport and cultural understanding, African American students and community 

members served as field researchers to collect data. Prior to data collection, the researchers 

received 12 hours of training in administering the protocol. The instruments and procedures 

were developed and refined with the help of a focus group of 40 African American 

community members who were representative of the population from which the sample was 

drawn. The focus group process has been described in detail elsewhere (Brody, Murry, Kim, 

& Brown, 2002).

At each wave of data collection, one home visit lasting 2 hours was made to each family. 

Both the field researchers and the project staff who arranged the visits were unaware of the 

families’ assignments to the intervention or control group. Primary caregivers consented to 

their own participation and the participation of youths under age 18; youths assented or, if 

18 or older, consented to their own participation. At the home visit, self-report 

questionnaires were administered to caregivers and youths in an interview format. Each 

interview was conducted privately, with no other family members present or able to 

overhear the conversation. Each family was paid $100 at each assessment. All procedures 

were approved by the University of Georgia Institutional Review Board.

Intervention Implementation, Attendance, and Fidelity

The AIM prevention program, modeled after an existing family-based skills-training 

intervention in a group format for rural African American preadolescents (see Brody et al., 

2004), consists of six consecutive weekly group meetings held at community facilities. Each 

meeting includes separate, concurrent training sessions for parents and youths, followed by a 

joint parent–youth session during which the families practice the skills they learned in their 

separate sessions. Concurrent and family sessions each last 1 hour. Thus, both parents and 

youths receive 12 hours of prevention training.

Parents in the prevention condition were taught how (a) to provide developmentally 

appropriate emotional and instrumental support, (b) to provide ongoing racial socialization 

that includes strategies for dealing with discrimination, (c) to provide occupational and 

educational mentoring, (d) to promote autonomy and adult responsibility, and (e) to 

encourage responsible decisions about risk behaviors. Program content was delivered by 

narrators on videotapes that also depicted family interactions illustrating targeted behaviors. 

African American group leaders presented the prevention curriculum, organized role-

playing activities, guided discussions among parents, and answered parents’ questions. 
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Youths were taught how to develop a future orientation, to plan for meeting goals, to 

identify people in their communities who could help them attain goals, to cope with barriers 

and racial discrimination, and to formulate self-care strategies. Videotapes were also used in 

the youth sessions, along with structured activities, role playing, and group discussions.

Of the pretested families, 67% took part in four or more sessions, with 35% attending all six 

of them. Families took part in an average of four sessions. Each team of group leaders was 

videotaped while conducting program sessions. For each group, two parent and two youth 

sessions were selected randomly and scored for adherence to and coverage of the prevention 

curriculum. Coverage of the curriculum components exceeded 80% for both the parent and 

the youth sessions.

Measures

Socioeconomic risk index—Six dichotomous variables formed a socioeconomic risk 

index administered at pretest that was used as a control in the data analyses. A score of 1 

was assigned to each of the following characteristics: family poverty based on federal 

guidelines, primary caregiver unemployment, receipt of Temporary Assistance for Needy 

Families, primary caregiver single parenthood, primary caregiver education level less than 

high school graduation, and caregiver-reported inadequacy of family income. The scores 

were summed to form an index (M = 2.39, SD = 1.48). Because this index is composed of 

count data, internal consistency was not computed.

Intervention status and gender—Intervention status and gender were dummy coded. 

AIM participants were coded 1 and control participants were coded 0; male participants 

were coded 1 and female participants were coded 0.

Family risk—The family risk construct, evaluated at pretest, was composed of four 

variables: parental depression, parent-child conflict, chaos in the home, and parental 

involvement and support. Parental depressive symptoms were measured via self-report on 

the Center for Epidemiologic Studies Depression scale (CES–D; Radloff, 1977), which is 

widely used with community samples. Primary caregivers rated each of 20 symptoms on a 

scale of 0 (rarely or none of the time), 1 (some or little of the time), 2 (occasionally or a 

moderate amount of time), or 3 (most or all of the time), α = .85. Parent-child conflict was 

assessed using a seven-item version of the Ineffective Arguing Inventory (IAI; Kurdek, 

1994) adapted for use with parents and children. Parents rated statements about the conflicts 

they had with their children on a scale ranging from 1 (disagree strongly) to 5 (agree 

strongly), α = .79. Examples include, “You and your child’s arguments are left hanging and 

unsettled” and “You and your child go for days being mad at each other.” Chaotic home 

environment was assessed by the 15-item Confusion, Hubbub, and Order Scale (CHAOS; 

Matheny, Wachs, Ludwig, & Phillips, 1995). Parents were asked to endorse as true (1) or 

false (0) several statements about their homes, α = .76. Examples include “there is often a 

fuss going on at our home”; “no matter what our family plans, it usually doesn’t seem to 

work out”; and “I often get drawn into other people’s arguments at home.” Support, 

involvement, and communication in the parent-child relationship were assessed using the 

20-item Interaction Behavior Questionnaire (IBQ; Prinz, Foster, Kent, & O’Leary, 1979). 
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Parents rated 20 statements as true (1) or false (0), α = .88. Examples include “your child 

usually listens to what you tell him/her” and “you and your child reach an agreement during 

arguments.” Parental depression, parent-child conflict, chaos in the home, and parental 

support scores were standardized, and parental support was subtracted from the summed 

scores of parental depression, parent-child conflict, and chaos in the home; high values 

indicated highly negative home environments. Prior to combining them, the individual 

measures were determined to be intercorrelated (rs = −.22 to .58, ps < .001).

Vulnerability cognitions—The measures used to assess vulnerability cognitions were 

administered at each wave. This construct was composed of behavioral willingness and 

intentions to use alcohol and other drugs and included prototypes of peers who use them. 

Youths’ willingness to use drugs was measured with three items, worded as in previous 

studies (Brody et al., 2004). A scenario was presented: “Suppose you were with a group of 

friends and there were some drugs there that you could have if you wanted. How willing 

would you be to do the following things: (a) take some and use them; (b) use enough to get 

high; and (c) take some with you to use later?” Responses ranged from 1 (not at all) to 3 

(very); Cronbach’s alphas ranged from .73 to .89 across the study. The vulnerability 

cognition measure also included an eight-item scale composed of two items measuring 

intentions to engage in each of four drug-use behaviors: smoking cigarettes, smoking 

marijuana, drinking alcohol, and drinking alcohol heavily. The items were, “Do you plan to 

use [drug] in the next year?” and “How likely is it that you will use [drug] in the next year?” 

(Warshaw & Davis, 1985). Cronbach’s alphas ranged from .77 to .82 across the study. The 

measure of prototypical images of drinkers (Brody et al., 2004) was introduced with the 

lead-in statement, “Take a moment to think about the type of person your age who 

frequently drinks alcohol. We are not talking about anyone in particular, just your image of 

people your age who frequently drink alcohol.” Using a response set ranging from 1 (not at 

all) to 4 (very), youths indicated how “popular,” “smart,” “cool,” “attractive (good 

looking),” and “dull (boring)” they considered such peers to be. Youths also indicated, on 

the same response set, how similar they considered themselves to be to alcohol-drinking 

peers. The six items were summed to create a variable measuring youths’ images of 

drinkers; Cronbach’s alphas ranged from .73 to .82 across the study. The intentions, 

willingness, and prototypical images scores were then standardized and summed to form an 

indicator of vulnerability cognitions for each wave. Prior to combining them, the individual 

measures were determined to be intercorrelated within each wave (rs = .27 to .61, ps < .001 

for Wave 1; rs = .31 to .62, ps < .001 for Wave 2; rs = .28 to .69, ps < .001 for Wave 3; rs 

= .35 to .66, ps < .001 for Wave 4).

Drug use—Four items widely used in the public health literature (DiClemente, et al., 2001) 

and our previous research with rural African American youths (Wills, Gibbons, Gerrard, & 

Brody, 2000; Wills, Gibbons, Gerrard, Murry, and Brody, 2003) were used to assess past-

month drug use (Johnston, O’Malley, & Bachman, 2000). Youths were asked how often 

during the past month they had engaged in each of the forms of drug use included in the 

study. A 7-point response set ranging from not at all to about two packs a day was used for 

cigarette smoking; a 6-point scale ranging from none to 20 or more indexed the other forms 

of use. These items have commonly been summed to characterize drug use in evaluations of 
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prevention programs (Brody et al., 2006; Brody et al., 2012). The data were re-coded into 

three developmentally appropriate drug use categories, defined as follows: never, no use of 

any drugs; occasional use, less than one cigarette a day or no more than three occasions of 

smoking marijuana, drinking alcohol, or drinking heavily; and regular use, at least one 

cigarette per day, engaging in one of the other three forms of use on four or more occasions, 

or a combination of two or more forms of drug use on at least three occasions.

Genotyping—Youths’ DNA was obtained using Oragene™ DNA kits (DNA Genotek, 

Kanata, Ontario, Canada). Youths rinsed their mouths with tap water, then deposited 4 ml of 

saliva in the Oragene sample vial. The vial was sealed, inverted, and shipped via courier to a 

central laboratory in Iowa City, where samples were prepared according to the 

manufacturer’s specifications. Genotype at DRD4 was determined for each youth as 

Bradley, Dodelzon, Sandhu, and Philibert, 2005 described using the primers F-

GGCGTTGCCGCTCTGAATGC and R-GAGGGACTGAGCTGGACAACCAC, standard 

Taq polymerase and buffer, standard dNTPs with the addition of 100 μM 7-deaza GTP, and 

10% DMSO. The resulting PCR products were electrophoresed on a 6% non-denaturing 

polyacrylamide gel and visualized using silver staining. Genotype was then called by two 

individuals blind to the study hypotheses and other information about the participants. For 

tests of the G×E×I hypotheses, DRD4 status was dummy coded; participants with at least 

one l allele were assigned a code of 1 (38.8% of the sample), and participants who were 

homozygous for the s allele were assigned a code of 0 (61.2% of the sample). None of the 

alleles deviated from Hardy-Weinberg equilibrium (p = .87, ns).

Data Analysis

To test the study hypotheses, we conducted latent growth modeling (LGM) using Mplus 7.1 

(B. O. Muthén & Muthén, 1998–2012). Missing data were handled using full information 

maximum likelihood (FIML) estimation, which yields unbiased parameter estimates and 

appropriate standard errors when data are missing at random (B. O. Muthén & Muthén, 

1998–2012). Because of the relatively low rates of drug use among rural African American 

adolescents (Brody & Ge, 2001; Cleveland et al., 2005), the outcome was modeled as three-

level ordinal variables: the absence of any drug use was coded as 0, occasional drug use was 

coded as 1, and regular drug use was coded as 2. Latent growth curve models with ordinal 

outcomes were used for this study (B. O. Muthén, 2001). We tested a mediated-moderation 

model (Little, Bovaird, & Card, 2007; Preacher, Rucker, & Hayes, 2007) to examine the 

hypothesis that family risk × AIM participation× DRD4 status interaction effects on drug 

use are mediated by their effects on vulnerability cognitions.

Participant age within the AIM and control groups varied at all waves of data collection. 

These variations were managed in the growth models by specifying growth as a function of 

age rather than a function of data collection wave; the random t-score option in Mplus was 

used. The models included two individual growth parameters: (a) an intercept parameter 

with time centered at age 17, and (b) a linear slope parameter representing the average linear 

change in drug use and vulnerability cognitions over time.
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Results

Preliminary Analyses

Drug use rates from Wave 1 to Wave 4 are presented in Table 2. As expected, the proportion 

of participants indicating no use decreased and the proportions indicating occasional use and 

regular use increased in a linear fashion. Overall, 75.3% of participants reported no drug 

use, 15.1% indicated occasional use, and 9.6% reported regular use at pretest. At Wave 4, 

56.1% of participants reported no drug use, 18.8% reported occasional use, and 25.1% 

reported regular use.

Associations of Family Risk, AIM participation, and DRD4 Status with Drug Use 
Trajectories

Participant gender and the SES risk index were regressed on the intercept of drug use; 

gender, SES risk index, family risk, AIM participation, and DRD4 status, as well as the two-

way interactions and the three-way interaction among these variables, were regressed on the 

slope of drug use. As shown in Table 3 (left column), gender and family risk were positively 

associated with the slope of drug use, indicating that male participants and those living in 

high-risk families were likely to report an increase in drug use over time. A significant 

family risk × AIM participation × DRD4 status three-way interaction predicted the slope of 

drug use. To interpret this interaction, we calculated the effects of prevention status (simple 

slopes) on the slope of drug use at low (1 standard deviation below to mean; −1 SD) and 

high (1 standard deviation above the mean; +1 SD) levels of family risk for each genotype 

status (see Table 4, left column). These simple slopes served as the estimation of effect size 

for prevention assignment. Comparisons among the family risk × genotype × prevention 

assignment groups revealed that, for participants living in high-risk families who carried at 

least one l allele of DRD4, assignment to the prevention group significantly reduced the 

increase of drug use over time (coefficient of intervention effect = −0.82, SE = 0.32, t(280) = 

−2.56, p = .011). Prevention assignment was not associated with changes in drug use over 

time for youths who lived in low-risk families or carried two s alleles of DRD4. This three-

way interaction, also depicted in Figure 1, suggests that participants in the control group 

who lived in high-risk families and carried at least one l allele of DRD4 were more likely 

than similar AIM participants to increase their drug use over time. No significant differences 

between the control and AIM groups emerged for drug use when youths lived in low-risk 

families or carried two s alleles of DRD4.

Associations of Family Risk, AIM Participation, and DRD4 Status with Trajectories for 
Vulnerability Cognitions

The LGM was estimated for the hypothesized mediator, vulnerability cognitions, which we 

conjectured would account for AIM’s prevention effects among participants who lived in 

high-risk families and carried an l allele of DRD4. Participant gender and SES risk index 

were regressed on the intercept of vulnerability cognitions; gender, SES risk index, family 

risk, AIM participation, and DRD4 status, as well as the two-way interactions and the three-

way interaction among the latter three variables, were regressed on the slope of vulnerability 

cognitions. As shown in Table 3 (right column), a significant family risk × AIM 

participation × DRD4 status three-way interaction predicted the slope of vulnerability 
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cognitions. We also calculated the effects of prevention status (simple slopes) on the slope 

of vulnerability cognitions at low (−1 SD) and high (+1 SD) levels of family risk for each 

genotype status (see Table 4, right column). Comparisons among the family risk × genotype 

× prevention status groups on the intervention effect revealed that, for participants who lived 

in high-risk families and carried at least one l allele of DRD4, assignment to the prevention 

group significantly reduced the increase of vulnerability cognitions over time (coefficient of 

prevention effect = −0.34, SE = 0.17, t(280) = −1.99, p = .047). Prevention assignment was 

not associated with changes in vulnerability cognitions over time for youths living in low-

risk families or those who carried two s alleles of DRD4. This three-way interaction, also 

depicted in Figure 2, suggests a pattern similar to that for drug use. Youths in the control 

group who lived in high-risk families and carried an l allele of DRD4 were more likely than 

similar AIM participants to increase in vulnerability cognitions over time. Again, no 

significant differences between the control and AIM groups emerged for vulnerability 

cognitions when youths lived in low-risk families and carried two s alleles of DRD4.

Vulnerability Cognitions Mediate the Relations among Family Risk, AIM Participation, 
DRD4 Status, and Substance Use Trajectories

Before investigating the mediation effect of vulnerability cognitions, we executed a cross-

lagged model to determine whether the direction of causality among the variables 

conformed to the study hypotheses. The path coefficient from vulnerability cognitions at 

pretest to past-month drug use at Wave 4 was .27 (p < .01), and the path coefficient from 

drug use at pretest to vulnerability cognitions at Wave 4 was .12 (p < .01). A Wald test 

demonstrated a significant difference between the two path coefficients, χ2(1) = 4.45, p < .

05, suggesting the direction of causality proceeded from vulnerability cognitions to past-

month drug use rather than the reverse.

A parallel growth model (L. K. Muthén & Curran, 1997) was executed to test the mediated 

moderation hypothesis that AIM effects on increases in vulnerability cognitions for youths 

who lived in high-risk families and carried an l allele of DRD4 would account for its 

efficacy in reducing drug use among this vulnerable group. The models depicted in Figure 3 

demonstrated that (a) the family risk × AIM participation × DRD4 status interaction effect 

on vulnerability cognitions found in previous analyses also emerged in the mediation model 

(path A); (b) the path from the slope for vulnerability cognitions to the slope for drug use 

(path B) was positive and significant; and (c) the path from the family risk × AIM 

participation × DRD4 status interaction to the slope for drug use became nonsignificant 

when the effect of the three-way interaction on vulnerability cognitions was included in the 

model (Path C: β = −0.209, p < .02 without the growth of vulnerability cognitions in the 

model; Path C′: β = −0.004, p = ns with the growth of vulnerability cognitions in the model). 

Thus, AIM’s efficacy in preventing increases in drug use among rural African American 

youths living in high-risk families and carrying an l allele of DRD4 occurred through its 

effect on deterring the development of cognitions that make the use of drugs attractive 

(indirect effect of Path A × Path B = −0.204, SE = 0.098, p = .037).

All of these analyses were re-executed using other groupings of DRD4 alleles: 7 repeats (n = 

96, 33.0% of the sample) versus all other variations (n = 195, 67.0% of the sample) and 7 
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repeats (n = 96, 33.0% of the sample) versus 4 repeats (n = 126, 43.3% of the sample). The 

results were identical to those of the previous analyses.

Discussion

Drug use and abuse among children and adolescents have well-documented environmental 

causes. First-and second-generation G×I research will help to expand scientific 

understanding of etiological mechanisms underlying these problems, and this progress will 

continue as more data become available during the next several years. Toward this end, the 

present study tested a G×E hypothesis about the genetic moderation of prevention effects on 

increases in young adult drug use was tested. The results indicated that adolescents who 

carried at least one l allele of DRD4, lived in a high-risk family context, and were assigned 

to the control condition evinced greater increases in drug use over time than did (a) similar 

youths assigned to AIM or (b) adolescents who carried two s alleles or lived in a low-risk 

family context. The results extend previous findings that carrying an l allele of DRD4 

increases sensitivity to intervention or prevention programs among toddlers (Bakermans-

Kranenburg et al., 2008), kindergarten children (Kegel et al., 2011), preadolescents (Beach 

et al., 2010), and adolescents (Brody, Chen, et al., 2013).

The results support Belsky and colleagues’ differential susceptibility hypothesis, in which 

variants of specific genes are proposed to render individuals more susceptible to the 

surrounding environment whether it is characterized by high positivity or high risk. The 

finding that, after exposure to the protective processes that AIM offered to adolescents 

living in high-risk families, carriers of at least one l allele of DRD4 evinced less drug use 

over time than did similar youths in the control condition supports differential susceptibility 

predictions. If supported on a broader basis, these results imply that general estimates of 

prevention-induced resilience effects on drug use both under- and overestimate protective 

effects. Resilience effects are underestimated for genetically susceptible individuals and 

overestimated for those without genetic susceptibility. Clearly, more genetically informed 

prevention/intervention research is needed to test this conjecture.

The present study was also designed to address questions about the mechanisms through 

which G×E prevention effects operate. The study demonstrated that the intermediate 

phenotype of vulnerability cognitions accounted for G×E effects on drug use across late 

adolescence. Carriers of at least one l allele of DRD4 who lived in high-risk family 

environments and were assigned randomly to the control condition evinced large increases 

in vulnerability cognitions. Similar adolescents in the AIM condition, as well as carriers of 

two s alleles of DRD4 in either the AIM or control condition who lived in high-risk family 

environments, did not evince increases in vulnerability cognitions or drug use. Although 

identification of the precise mechanism responsible for these results requires additional 

research, we can speculate on the ways in which AIM deterred the development of 

vulnerability cognitions for carriers of the l allele. We believe that living in a stressful, high-

risk family environment and carrying an l allele of DRD4 is a toxic combination that 

increases sensitivity and attention to drug cues (see McGeary, 2009). It is possible that 

youths in the AIM condition were equipped with protective processes, such as familial and 

extrafamilial support and self-regulation strategies, that led them to direct less attention to 
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drug-related cues and drug-seeking behavior. A potential application of this hypothesis is to 

determine whether AIM and other preventive interventions reduce attention biases to drug-

related cues, particularly for youths who carry an l allele of DRD4. Presumably, heightened 

levels of support and diminished levels of stress would reduce sensitivity to drug cues and 

subsequent cognitions associated with cravings and use. This explanation, although 

plausible, should be empirically evaluated in future research.

Generalizability of the present research is limited because AIM was designed to meet a need 

in rural Southern communities for efficacious prevention programming for African 

American adolescents. The findings’ applicability with ethnically and socioeconomically 

diverse participants residing in urban and rural locations must be established empirically. 

Even though the distribution of DRD4 exon III VNTR alleles has been shown not to vary 

between persons of African and European descent (Chang, Kidd, Livak, Pakstis, & Kidd, 

1996; Chen, Burton, Greenberger, & Dmitrieva, 1999), in attempting future replications, 

researchers should note whether their study populations differ in the distribution of these 

alleles. Such studies are important to an understanding of the etiology of substance use and 

abuse. These issues aside, the present study demonstrates the utility of using randomized 

prevention trials to test differential susceptibility and G×E hypotheses; it also furthers 

understanding of drug use etiology.
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Figure 1. 
Growth in probability of past-month drug use by family risk, AIM assignment, and DRD4 

status. Low family risk: 1 SD below the mean; high family risk: 1 SD above the mean.
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Figure 2. 
Growth in vulnerability cognitions by family risk, AIM assignment, and DRD4 status. Low 

family risk: 1 SD below the mean; high family risk: 1 SD above the mean.
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Figure 3. 
Vulnerability cognitions as a mediator for the effect of AIM × DRD4 status × risky family 

on probability of past month drug use with gender and SES risk index controlled. Dashed 

lines indicate nonsignificant paths. *p < .05, ***p < .001.
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Table 2

Numbers and Proportions of Drug Use for Each Time Point

Time Point

Drug Use

No Use Occasional Use Regular Use

Pretest 219 (75.3%) 44 (15.1%) 28 (9.6%)

Wave 2 198 (71.0%) 42 (15.1%) 39 (14.0%)

Wave 3 169 (61.7%) 41 (15.0%) 64 (23.4%)

Wave 4 143 (56.1%) 48 (18.8%) 64 (25.1%)

*
p< .05.
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