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Abstract
A longitudinal, prospective design was used to investigate a moderation effect in the association
between a genetic vulnerability factor, a variable nucleotide repeat polymorphism in the promoter
region of 5HTT (5-HTTLPR) and increases in youths’ substance use. The primary study hypothesis
predicted that involved-supportive parenting would attenuate the link between the 5-HTTLPR
polymorphism and longitudinal increases in substance use. African American youths residing in rural
Georgia (N = 253; M age = 11.5 years) provided four waves of data on their own substance use; the
youths’ mothers provided data on their own parenting practices. Genetic data were obtained from
youths via saliva samples. Latent growth curve modeling indicated that 5-HTTLPR status (presence
of 1 or 2 copies of the s allele) was linked with increases in substance use over time; however, this
association was greatly reduced when youths received high levels of involved-supportive parenting.
This study demonstrates that parenting processes have the potential to ameliorate genetic risk.
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Parenting Moderates the Effects of 5-HTTLPR Status on Longitudinal
Increases in Youths’ Substance Use

The increase in substance use that some young people experience across late childhood and
early adolescence contributes to a nonnormative developmental trajectory that includes
affiliation with unconventional peers, a lack of motivation, poor academic performance, and
school dropout (Cairns, Cairns, & Neckerman, 1989). In addition, use of illicit drugs before
age 14 has prognostic significance for substance use and mental health problems at later ages
(Christie et al., 1988; Hawkins et al., 1997). Research on the etiology of substance use in early
adolescence has focused on a range of contextual (e.g., parenting, peers, neighborhood) and
intra-individual (e.g., temperament, self-regulation, psychological symptomatology) factors
(Pandina & Johnson, 1999; Weinberg, Rahdert, Colliver, & Glanz, 1998). This research has
begun to move beyond main effects models to address transactions between individual
characteristics and environmental contexts that increase or decrease youths’ probability of
initiating or avoiding regular substance use. For example, young adolescents with
temperamental characteristics, such as high activity levels and emotional intensity, that render
them vulnerable to substance use become less likely to use if their family environments provide
instrumental and emotional support (Brody, Flor, Hollett-Wright, & McCoy, 1998).
Conspicuously absent from transactional analyses to date, though, is a consideration of genetic
factors that operate in conjunction with environmental factors to forecast substance use
trajectories in early adolescence. The present research was designed to help fill the need for
such studies.

Using a longitudinal, prospective research design, we investigated a moderation effect in the
association between a genetic vulnerability factor, a variable nucleotide repeat polymorphism
in the promoter region of 5HTT (5-HTTLPR), and increases in substance use among African
American youths during early adolescence, 11 to 14 years of age. This developmental period
is characterized by a precipitous increase in substance use (Johnston, O’Malley, & Bachman,
2000). It is the rate of this increase across early adolescence, and not use at a particular age,
that has prognostic significance for adolescent and young adult substance use and abuse,
psychosocial functioning, and mental health outcomes (Centers for Disease Control and
Prevention, 2000). Because the study hypotheses were tested with four waves of data, the
likelihood of a spurious finding is less than it would be if one wave of data were used (Singer
& Willett, 2003). We predicted that involved-supportive parenting would attenuate or eliminate
the link between the 5-HTTLPR polymorphism and longitudinal increases in substance use
across early adolescence. Among African American parents, involved-supportive parenting is
characterized by high levels of emotional support, instrumental assistance, and communication
(Brody, Chen, et al., 2006). Research has consistently indicated that involved-supportive
parenting has protective moderation effects for African American youths during early
adolescence, reducing the impact of risk factors on youths’ substance use (Brody et al.,
2004; DiClemente et al., 2001; K. S. Miller, Kotchick, Dorsey, Forehand, & Ham, 1998; Wills,
Gibbons, Gerrard, Murry, & Brody, 2003; Wills, Murry, et al., 2007). These parenting
processes will be described in more detail later. In the following sections, we first discuss gene
× environment interactions, a central construct around which this study is organized. We then
describe the theoretical and empirical bases for the study hypotheses.

Ecological (Bronfenbrenner & Ceci, 1994), systems (Lerner, 1991), and resilience (Luthar,
2006) approaches to lifespan development share the tenet that biological predispositions
transact with contextual processes to create variations in phenotypes over time. Such
transactions are termed gene × environment (G × E) interactions, which occur when genetic
variation alters an organism’s sensitivity to specific environmental effects or when
environmental features exert differential control over genetic effects (Kendler & Eaves,
1986). In this report, we focused on the role of the environment, and, more specifically,
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parenting, as a moderator of genetic vulnerability for substance use rather than the reverse.
This decision was based upon findings from research programs with rural and urban African
American families. This research detected powerful protective factors against substance use
among children and adolescents that originated in the family environment, particularly in
parents’ caregiving practices (Brody et al., 2004). The finding that African Americans’
parenting practices could attenuate or eliminate associations between genetic risk and
substance use would constitute a powerful demonstration of those practices’ protective
capacities and have considerable heuristic value for the development of preventive intervention
programs.

We hypothesized that a functional polymorphism in the promoter region of the serotonin
transporter gene, 5HTT, would be associated with longitudinal increases in youths’ substance
use. The 5HTT is a key regulator of serotonergic neurotransmission, localized to 17p13 and
consisting of 14 exons and a single promoter. The common polymorphism in the promoter
region results in two variants, a short and a long allele, with the short allele resulting in lower
serotonin transporter availability. The short variant contains 12 copies of a 22bp repeat element
and the long variant has 14 copies of the repeat element. Youths with one or two copies of the
5HTT “short” allele are hypothesized to display greater increases in substance use across time
than youths with two copies of the “long” allele. Findings from different literatures converge
to support this hypothesis. Results of two recent meta-analyses indicated that the short allele
variant of 5-HTTLPR significantly, albeit modestly, predicts alcohol dependence among adults
(Feinn, Nellissery, & Kranzler, 2005; Lichtermann et al., 2000) and another synthesis of the
literature suggested a link between the short allele variant of 5-HTTLPR and opioid dependence
among adults (Kreek, Nielsen, Butelman, & LaForge, 2005). These literatures, however, are
not entirely consistent; in some studies, no associations between the short allele variant of 5-
HTTLPR and adult alcohol dependence were detected (e.g., Dick et al., 2007; Gelernter,
Kranzler, & Cubells, 1997; Gorwood, Batel, Hamon, & Boni, 2000), whereas in others the
long, rather than the short, allele variant was found to be associated with alcohol dependence
among Korean male alcoholics (Kweon, Lee, & Lee, 2005) and obsessive cravings among
alcohol-dependent adults (Bleich et al., 2007).

Although the literature addressing the association between the short allele variant of 5-
HTTLPR and alcohol dependence among adults has yielded some mixed results, recent studies
with non-alcohol-dependent populations apparently provide more consistent findings. The
short allele variant of 5-HTTLPR has been found to be associated with alcohol consumption
among college students (Herman, Philbeck, Vassilopoulos, & Depetrillo, 2003), maltreated
youths (Kaufman et al., 2007), and a large, representative population in the United Kingdom
(Munafò, Lingford-Hughes, Johnstone, & Walton, 2005). Taken together, these studies suggest
that the presence of the short allele variant of 5-HTTLPR may be a risk factor for increases in
substance use across early adolescence.

Other studies provide a different kind of support for this link. Rather than examining the direct
association between 5-HTTLPR and substance use, these researchers examined associations
between 5-HTTLPR and indicators of low self-control, a risk factor for substance use (W. R.
Miller & Brown, 1991; Rutter et al., 1997). This perspective has been supported by data
showing that indicators of low behavioral and emotional self-control forecast the initiation and
escalation of substance use in early adolescence (Brody & Ge, 2001; Mezzich et al., 1997;
Wills et al., 2003). The 5-HTTLPR gene has been found to be associated with indicators of
low self-control in both children (high activity, low attention, high levels of negative affect;
Auerbach, Favoy, Ebstein, Kahana, & Levine, 2001; Propper & Moore, 2006; Suomi, 2004)
and adults (disregard for rules, impulsivity, high levels of negative affect; Burt, 2006; Headley
& Wearing, 1989; Kendler, Gardner, & Prescott, 2003; Kreek, Nielson, & LaForge, 2004).

Brody et al. Page 3

J Consult Clin Psychol. Author manuscript; available in PMC 2010 May 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These studies converge to support consideration of 5HTT as a plausible predictor of increases
in alcohol use during early adolescence.

Studies that include assessments of 5HTT and psychosocial experiences suggest a focus on
moderation. A noteworthy example is a study by Caspi et al. (2003), in which a sample drawn
from the Dunedin Longitudinal Study was used to test the hypothesis that the level and severity
of depressive symptoms in early adulthood would be a product of maltreatment during
childhood and the presence of one or two copies of the short-allele variant at the 5-HTTLPR
locus. A significant and substantial G × E effect confirmed the hypothesis. This prospective
finding is notable in theoretical terms because it demonstrated that genetic variability at
5HTT altered individuals’ reactivity to the psychosocial experience of childhood maltreatment.
Several attempts have been made to replicate these findings, with the preponderance evincing
similar results. As in Caspi and colleagues’ study, the criterion variable in the replication
studies was the severity of depressive symptomatology and the studies were designed to test
moderation effects between the short-allele variant of 5-HTTLPR and indicators of
psychosocial risk that indexed negative life events (Dick et al., 2007; Eley et al., 2004;
Gillespie, Whitfield, Williams, Heath, & Martin, 2005; Grabe et al., 2005; Kaufman et al.,
2004; Kendler, Kuhn, Vittum, Prescott, & Riley, 2005; Taylor et al., 2006; Surtees et al.,
2006; Wilhelm et al., 2006; Zalsman et al., 2006) and low SES (Manuck, Flory, Ferrell, &
Muldoon, 2004). All but the studies by Gillespie et al. (2005) and Surtees et al. (2006) replicated
Caspi and associates’ findings that the short allele variant of 5-HTTLPR increased reactivity
to psychosocial adversity, resulting in elevated depressive symptomatology. Although Dick
and associates did not find a G × E interaction between the short allele variant of 5-HTTLPR
and stress for alcohol dependence among adults, they replicated Caspi et al.’s (2003) findings
by detecting such an interaction for lifetime depression. Fox et al. (2005) tested moderation
effects between the short allele and psychosocial risk, as indexed by low family support, in
children’s development of behavioral inhibition. As in the aforementioned studies, variation
at the 5-HTTLPR locus moderated the association between low family support and the
development of behavioral inhibition.

Although these studies have shown with remarkable consistency that the short allele form of
5-HTTLPR heightens reactivity to psychosocial adversity, they did not address an equally
important question: Can psychosocial processes ameliorate the risk that 5HTT confers?
Although a credible basis exists for hypothesizing protective moderation effects, little, if any,
research has explored the possibility that favorable psychosocial conditions can moderate
genetic risk, as resilience theorists suggest (Luthar, 2006). The present research addressed this
question by examining the protective capacity of involved-supportive parenting.

Research has consistently indicated that involved-supportive parenting protects African
American adolescents against substance use (Brody, Murry, et al., 2006). African American
youths who receive such parenting are likely to develop behavioral and emotional self-
regulation (Brody & Ge, 2001; Wills, Ainette, Mendoza, Gibbons, & Brody, 2007), internalize
their parents’ norms for substance use (Brody, Ge, Katz, & Arias, 2000), and refrain from
initiating use (DiClemente et al., 2001; K. S. Miller et al., 1998; Perrino, González-Soldevilla,
Pantin, & Szapocznik, 2000; Wills et al., 2003). Involved-supportive parenting has also been
found to promote a positive, resilient sense of self and to provide an “arena of comfort” when
youths are confronted with stress (Luthar, 2006). Another reason to expect involved-supportive
parenting to demonstrate protective properties is its propensity for fostering close attachments
to parents, which renders youths less likely to use substances because they want to avoid
creating difficulties in their relationships with their parents (Jessor & Jessor, 1977; Stacy &
Newcombe, 1999). Thus, involved-supportive parenting is conjectured to offset the risks for
substance use that the short allele variant of 5-HTTLPR is hypothesized to confer.
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Summary of the Present Research
This study was conducted with rural African American youths and their mothers using
procedures that have been shown to yield reliable data from substance use research; these
include computer-based interviewing, ethnic matching of interviewers and participants, and
extensive reassurances concerning confidentiality of the data (Murry & Brody, 2004; Patrick
et al., 1994). Youths provided data on their substance use and mothers provided data on their
parenting practices. Genetic data were obtained from youths using procedures developed in
partnership with rural African American community members (Brody & Beach, 2007). We
predicted that, among the overall sample, the presence of one or two copies of the short-allele
variant of 5-HTTLPR would be associated with longitudinal increases in substance use and
that this association would be attenuated among youths receiving high levels of involved-
supportive parenting. We used latent growth curve modeling (Singer & Willett, 2003) with
relevant demographic characteristics controlled to test the study hypotheses.

Method
Data were collected as part of a family-based preventive intervention study (see Brody et al.,
2004). The data used in the present paper were collected from the families randomly assigned
to the control condition, who did not take part in the intervention. Substance use data were
obtained when the youths were 11, 12, 13, and 14 years old. Parenting data for the moderation
analyses were obtained during the first data collection session and the genetic data were
obtained 2 years after the last data collection.

Participants
Participants in the present study included 298 African American families residing in rural
Georgia. From each family, a youth who was 11 years old when recruited (58% girls) and one
parent provided data. In all cases, the parent who provided the data was the youth’s mother.
Although fathers and other caregivers (e.g., grandmothers) were invited to participate in the
study, very few were able to do so because of work schedules and child care commitments. At
the first data collection session, youths’ mean age was 11.5 years (SD = .45) and mothers’
mean age was 37.8 years (SD = 7.45). Mothers’ mean educational level on a rating scale ranging
from 1 to 6 was 4.58 (SD = 1.23), which indicated completion of high school. Of the mothers,
39.9% were married, 2.3% were married but separated, 5.7% were cohabiting with a significant
other, 20.1% were in significant relationships but not cohabiting, and 31.9% were not in
significant relationships. Mean household monthly income was $2,355.00 (SD = $1,693.34)
and mean per capita monthly income was $559.80 (SD = $411.17). Although 80% of the
mothers were employed outside the home and worked an average of 39 hours per week, 21%
of the families lived below federal poverty standards and another 26% lived within 150% of
the poverty threshold; they could be described as working poor (Boatright & Bachtel, 1999).

Schools in four rural Georgia counties provided lists of 11-year-old students, from which youth
participants were selected randomly (see Brody et al., 2004). Families were contacted and
enrolled in the study by community liaisons who resided in the counties where the participants
lived. The community liaisons were African American community members, selected on the
basis of their social contacts and standing in the community, who worked with the researchers
on participant recruitment and retention. The liaisons sent letters to the families and followed
up on the letters with phone calls to the mothers. During the phone conversations, the
community liaisons answered any questions that the mothers asked. Families who were willing
to participate in the pretest were told that a research staff member would contact them to
schedule the administration of the assessment in the families’ homes. Parents gave written
consent to their own and the youths’ participation, and youths gave written assent to their own
participation. Each family was paid $100 after each of the four assessments.
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Of the 298 families who provided data at the first assessment, 289 provided data at all three
subsequent assessments, an overall retention rate of 97%. Two years after the fourth data
collection, these families were contacted regarding collection of DNA from the youths; 253
(85%) agreed to participate. Families who provided genetic data were compared with those
who did not via t-tests conducted on per capita income, maternal education, and the study
variables measured at the first assessment, and χ2 tests performed on maternal marital status
and youth gender. No differences emerged.

Preparation for the Collection of Genetic Data
Several steps were taken to prepare for DNA data collection. The researchers met regularly
over a 2-year period to review the genetic and family process literature. These researchers
included a psychiatrist who specialized in human genetics; a biostatistician who specialized in
the analysis of genetic data; and a developmental psychologist, a clinical psychologist, and a
family scientist, all of whom specialized in family processes. The meetings they held resulted
in the formulation of the hypotheses tested in this report. In addition, two focus groups of rural
African Americans were formed, one for parents and one for adolescents. Each group included
10 persons who met for 2 hours. These groups were formed to help the investigators understand
any concerns that might arise about the collection of DNA and to develop procedures for
dealing with these concerns. Several concerns arose that involved procedural clarity, detection,
and potential benefits. Many focus group members wanted a clear explanation of the procedures
for obtaining the DNA and they wanted to know how DNA collection would advance
knowledge about the development of African American youths. This feedback was
incorporated into the development of a brochure, available from the first author, that included
answers to frequently asked questions. The answers addressed in a straightforward manner the
issues the focus groups raised. A copy of the brochure was given to each participating family
to provide them with written information that they could consult in addition to the verbal
description of the protocol given during DNA collection.

A pilot study was conducted to assess the viability of DNA collection from saliva versus whole
blood (Philibert, Zadorozhnyaya, Beach, & Brody, in press). As predicted, concentrations of
DNA were higher in blood than in saliva; the saliva samples, however, contained adequate
amounts of DNA to permit genotyping. We concluded that the ease and economy of DNA
collection from saliva made it appropriate for the research questions we planned to address.

Procedure
Trained African American field researchers conducted computer-based interviews in
participants’ homes to gather data on demographics, parenting, and youth substance use.
Mothers and youths were interviewed individually and privately; they were told that their
answers were strictly confidential and would not be disclosed to anyone within or outside the
family. Mothers provided informed consent for their own and the youths’ provision of interview
data and the collection of DNA from the youths; youths assented to their own participation.

Measures
The measures were selected for their relevance to the evaluation of the preventive intervention
program. They were derived from previous research, which included focus group meetings and
pilot testing followed by construct validation of the instruments (Brody et al., 1994; Brody et
al., 2004). Parenting data were obtained from mothers and substance use data were obtained
from youths.

Demographics—Youth age and gender, and maternal age, employment status, and monthly
income, were recorded. Each mother reported her education level on a 10-point scale that was
collapsed, to eliminate small cell sizes, into a 6-point measure ranging from grade school to
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graduate school completion. Each mother reported the numbers of children and adults living
in her home, her marital status, and her relationship status.

Involved-supportive parenting—Involved-supportive parenting was operationalized to
include high levels of emotional support, instrumental assistance, and communication. Such
parenting is positively associated with self-regulation, academic competence, and social
competence, and negatively associated with substance use increases, among African American
youths across early adolescence (Brody & Ge, 2001; Brody, Kim, Murry, & Brown., 2005;
Luthar, 2006). Involved-supportive parenting was measured using mothers’ responses to the
Interaction Behavior Questionnaire (Prinz, Foster, Kent, & O’Leary, 1979), which assesses the
level of support, involvement, and communication in the parent-child relationship. The 20 true-
false items include statements such as, “You listen when your child needs somebody to talk
to,” “You understand your child, you know where she/he is coming from,” “You enjoy
spending time with your child,” and “You think you and your child get along well.” Cronbach’s
alpha for the study sample was .84.

Substance use—Youths reported their past-year cigarette smoking, alcohol use, and
marijuana use (Johnston et al., 2000). Past-month use was not included in the analysis because
too few youths in this sample, who were 11 years old at the first assessment and 14 years old
at the last assessment, reported having used substances during the past month (see Johnston et
al., 2000). The items regarding past-year substance use were, “During the past 12 months, how
many times have you: smoked cigarettes; drunk beer, wine, wine coolers, whiskey, gin, or other
liquor; had three or more drinks of alcohol at one time; smoked marijuana?” These four items
were rated on a five-point scale ranging from 0 to 12 times or more; responses were summed
to form a past-year substance use index. This composite score for substance use involvement
was used in the analyses, a procedure that is consistent with prior research (Brody & Ge,
2001; Hays, Widaman, DiMatteo, & Stacy, 1987; Needle, Su, & LaVie, 1989; Newcomb &
Bentler, 1988; Wills, Murry, et al., 2007).

Genotyping—DNA was obtained from youths using Oragene™ DNA kits (Genetek;
Calgary, Alberta, 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. These data collection procedures were approved by the University of Georgia’s
Institutional Review Board. Genotype at 5-HTTLPR was determined for each sample as
previously described (Bradley, Dodelzon, Sandhu, & Philibert, 2005). Of the sample, 7.0%
were homozygous for the short allele (ss), 36.3% were heterozygous (sl), and 57.7% were
homozygous for the long allele (ll). Consistent with prior research (Hariri et al., 2005),
genotyping results were used to form two groups of participants: those homozygous for the
long allele and those with either 1 or 2 copies of the short allele. Among the participants, 4.4%
had a “very long” variant of 5-HTTLPR. Because the activity of this variant on the hypothesized
associations has not been well characterized, these youths were excluded from the data
analyses.

Results
Descriptive Statistics

As expected, prevalence rates for lifetime use at the first assessment, when the youths were 11
years old, were low: 5.4% for cigarette smoking, 12.4% for alcohol use, 0.7% for heavy
drinking, and 0.0% for marijuana use. The mean composite substance use score when the
youths were 11 was 0.55, SD = 1.31. Prevalence rates increased over time; at the last
assessment, when the youths were 14 years old, lifetime use rates were 21.0% for cigarette
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smoking, 42.0% for alcohol use, 5.0% for heavy drinking, and 5.0% for marijuana use. The
mean composite substance use score was 1.51, SD = 2.19. These rates for African American
youths are consistent with data from other studies (Johnston et al., 2000). Descriptive statistics
for the parenting variable indicated relatively high levels of involved-supportive parenting
(M = 16.73, SD = 3.76). Table 1 presents the means and standard deviations for the study
variables.

Plan of Analysis for the Study Hypotheses
Latent growth curve modeling (LGC; Singer & Willett, 2003) was used to test the study
hypotheses. Previous studies in which G × E hypotheses about the associations between the
short allele variant of 5-HTTLPR and substance use were tested included data collected at one
or two time points. In these analyses, participants’ rank orders on a genetic risk factor were
compared with their rank orders on an outcome of interest at one or more time points. Such
autoregressive procedures examine change over time by using residual change scores obtained
by calculating the extent to which substance use scores at one point in time differ from
subsequent scores. Thus, change is assessed relative to predicted scores. When four waves of
data are available, LGC modeling uses all of the data points to determine change in substance
use within individuals, then allows an examination of the predictors of differences among
individuals in their rates of change in substance use. As applied to this study, LGC fits an
ordinary least squares regression line to the four data points for substance use for each youth;
these lines describe change in substance use for each youth over the course of the study. The
slope of each regression line indicates the rate at which substance use changes across the four
waves of data collection. Thus, change in substance use over time is determined using actual
data rather than residual scores.

LGC calculates the mean and variance for the slope and intercept of substance use. LGC treats
the substance use intercept and slope as latent variables. Factor loadings for the intercept, or
initial level, are fixed to 1. The latent construct corresponding to change in substance use varies
depending on the mathematical form being tested (e.g., linear, quadratic, and so forth). In this
study, we used a linear model. Because rates of substance use are low for 11-year-olds, and
the rate of change across early adolescence has more prognostic significance than does the
initial rate for later substance use, substance abuse, and psychological functioning, the study
hypotheses focused on the slope of substance use rather than the initial (intercept) substance
use level.

Because substance use data are inherently skewed, they pose a threat to LGC modeling’s
assumption of joint multivariate normal distribution. Accordingly, we used bootstrapping to
correct for skewness and decrease the likelihood of Type I errors in LGC, per the suggestions
of Bollen and Stine (1993) and Yung and Bentler (1996). Bootstrapping procedures determine
the degree of departure from normality in the data and adjust critical chi-square values,
parameter estimates, and standard errors according to the degree of skewness in the data
(Davison & Hinkley, 1997). In this study, bootstrapping was applied to the substance use data
across the four waves of the study using procedures in Mplus (Muthén & Muthén, 1998–
2007). The adjusted critical chi-square values, parameter estimates, and standard errors were
used in all of the analyses reported below.

Testing the study hypotheses involved several steps. First, a univariate growth curve analysis
was executed to test the measurement model for the latent growth construct, substance use. A
second LGC model was evaluated to determine whether the hypothesized association between
increases in youths’ substance use and the short allele variant of 5-HTTLPR was statistically
significant and to ensure that the hypothesized model would be consistent with the data. A third
LGC model was evaluated to determine whether the association between the short allele variant
of 5-HTTLPR and the slope of substance use would change when involved-supportive
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parenting was added as an additional predictor. Finally, a fourth model was executed to estimate
the main effects of 5-HTTLPR risk status and involved-supportive parenting, as well as the
interaction of 5-HTTLPR risk status and parenting, in predicting substance use slopes. To test
the interaction effect, the interaction term was inserted into the LGC model and its strength of
association with the latent substance use slope parameter was assessed. In this context, a
significant path indicates that the substance use–genetic risk relationship differs across levels
of involved-supportive parenting, yielding a G × E interaction. For all of the models described
above, the predictor variables were mean centered and maternal education, monthly per capita
income, youth gender, and maternal marital status were systematically controlled in every
equation when predicting growth in substance use. In addition, all error terms within the model
were correlated.

Test of the Study Hypotheses Using LGC Modeling
We began by testing the measurement, or unconditional, model for the substance use latent
growth construct by fitting a univariate growth curve for substance use. The model was based
on reported levels of substance use at ages 11, 12, 13, and 14, with the intercept specified by
setting the factor loading for substance use to 1. The slope for the four observed values of
substance use reflected the number of years after the first assessment when each subsequent
assessment was obtained. Table 2 presents the intercept, intercept variance, slope, slope
variance, and model fit indices for the unconditional model as well as for the conditional models
that addressed the study hypotheses. The coefficients presented in Table 1 are standardized.
The linear growth curve for substance use across the four waves fit the data well. As the data
in Table 2 reveal, the variances for both the intercept and the slope were statistically significant,
indicating significant variability around the means and variances for the substance use intercept
and slope.

In the models that tested the study hypotheses, 5-HTTLPR risk status was dummy coded.
Participants with ss or sl alleles were combined into a genetic risk group and assigned a code
of 1, participants with ll alleles were assigned a code of 0, and the genetic risk predictor was
regressed on the substance use intercept and slope.

The first model demonstrated a good fit to the data. The results were consistent with the first
hypothesis: Genetic risk was associated with a significantly higher rate of substance use across
early adolescence, β = .21, p < .05. As expected, genetic risk was not significantly associated
with the intercept for substance use at age 11. The second model also fit the data well. Genetic
risk status continued to forecast substance use across early adolescence, β = .19, p < .05, when
involved-supportive parenting was added to the model. Parenting was not associated with either
the intercept or slope of substance use.

The third model tested the hypothesis that involved-supportive parenting would moderate
genetic vulnerability to growth in substance use across early adolescence. Before conducting
this test, we determined whether a gene-environment correlation existed between 5-HTTLPR
and involved-supportive parenting by correlating genetic risk status and parenting assessed at
the first data collection session. The correlation was −.13, ns, indicating that 5-HTTLPR
variation was not associated with involved-supportive parenting. The third model also
demonstrated a good fit to the data. Genetic risk status was significant in predicting increases
in substance use across early adolescence, β = .19, p < .05. Again, involved-supportive
parenting was not associated with the intercept or slope of youth substance use. The only other
variable that yielded significant predictions beyond the previous variables in the model was
the interaction between 5-HTTLPR risk status and involved-supportive parenting, β = −.07,
p < .05. The link between 5-HTTLPR risk status and the slope of youths’ substance use
decreased as provision of involved-supportive parenting increased. Thus, as hypothesized,
involved-supportive parenting moderated the contribution of 5-HTTLPR risk status to

Brody et al. Page 9

J Consult Clin Psychol. Author manuscript; available in PMC 2010 May 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



increases in youths’ substance use. To illustrate this finding, Figure 1 presents the average
slopes, or rates of increase in substance use, for each genetic risk × parenting combination.
“Low” levels of involved-supportive parenting are those at or below the 30th percentile for the
study sample; “high” levels are at or above the 70th percentile. The figure illustrates two notable
findings. First, the average rate of increase of substance use across early adolescence for youth
at genetic risk was three times less for youths receiving high (.06) versus low (.21) levels of
involved-supportive parenting. Second, the difference in the average rates of increase in
substance use for youths with and without genetic risk in the high involved-supportive
parenting group was negligible, .06 for the genetic risk group and .05 for the non-risk group.
The same comparison for youths with and without genetic risk in the low involved-supportive
parenting group was more pronounced. The average increase in substance use was .21 for the
genetic risk group and −.01 for the non-risk group. The effect size for the parenting moderation
effect on the longitudinal link between 5-HTTLPR and increases in substance use, as calculated
using Mplus, was .24. An effect size of this magnitude is typically considered small. Taken
together, the data support the hypothesis that involved-supportive parenting has the potential
to ameliorate the contribution of genetic risk to growth in youth substance use across early
adolescence.1

Discussion
Using a longitudinal design, we tested an LGC model of the links between 5-HTTLPR and the
development of substance use among African American youths across late childhood and early
adolescence. The results indicated that (a) 5-HTTLPR status was linked positively with the
development of substance use and (b) the association between 5-HTTLPR status and the
development of substance use was ameliorated when youths received high levels of involved-
supportive parenting. To our knowledge, this is the first longitudinal study that integrates data
from the molecular-genetic level with assessments of parenting practices to forecast substance
use development. The results extend findings from longitudinal analyses in which involved-
supportive parenting among African Americans ameliorated the effects of contextual risk on
substance use. Previous studies have focused on the protective capacities of parenting practices
to ameliorate risk from economic disadvantage, neighborhood disorganization, and racial
discrimination (Brody, Murry, Kim, & Brown, 2002; Brody, Chen, et al., 2006; Gibbons,
Gerrard, Cleveland, Wills, & Brody, 2004). The present results indicate that the protective
effects of involved-supportive parenting also extend to the vulnerability that 5-HTTLPR status
confers. Moreover, the moderation effects were relatively strong. The risk conferred by 5-
HTTLPR status among youths whose parents engaged in low levels of involved-supportive
parenting was three times as large as the coefficient among those whose parents engaged in
high levels of such parenting. The moderation effects’ magnitude is comparable to the impact
of effective prevention programming (Brody et al., 2004).

As stated previously, the growth model indicated that the slopes for substance use were
significantly related to 5-HTTLPR status. This is the first longitudinal study to demonstrate
this relation with an African American sample. Although some cross-sectional studies have
demonstrated associations between 5-HTTLPR and dependence on alcohol and heroin during
adulthood, and other studies have described links between 5-HTTLPR and alcohol use with
non-alcohol-dependent samples, no studies have reported a prospective relation with the
development of substance use in a community sample. The parenting moderation effects,

1We investigated the rival hypothesis that the G×E interaction was due to a restriction in range of the substance use composite index for
the no-genetic-risk group, which did not permit parenting to relate to substance use. We regressed parenting on the slope for substance
use and, if an association emerged, determined whether genetic risk moderated it. Involved-supportive parenting was negatively linked
to the slope of substance use. This association was not moderated by 5-HTTLPR status, indicating that the G×E finding obtained was
not an artifact of restriction in range of substance use for the no-genetic-risk group.
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however, suggest the limitations of main effect genetic models in understanding increases in
substance use. Consistent with previous theorizing (e.g., Cadoret, Yates, Troughton,
Woodworth, & Stewart, 1996), the current results suggest that gene-environment interactions
may be better able than genetic main effects to identify the circumstances under which
particular genetic diatheses are associated with substance use.

The finding that involved-supportive parenting buffered the link between 5-HTTLPR and
development of substance use raises questions about the protective mechanisms through which
it achieved this effect. Earlier we presented evidence that 5-HTTLPR has been associated with
indicators of behavioral and emotional self-regulatory systems in adults and children. These
self-regulatory systems have been shown to have prognostic significance for the initiation and
escalation of substance use. The emotional or affect regulation system includes impulsiveness,
impatience, irritability, and anger proneness (Block, Block, & Keyes, 1988; Wills, Sandy, &
Yaeger, 2002; Wills, Ainette, et al., 2007). Indicators of the behavioral control system include
planfulness, problem solving, and persistence (Rutter et al., 1997). Evidence now indicates
clearly that involved-supportive parenting also contributes to the development of both the
affective and behavioral self-regulatory systems in African American children and adolescents.
For example, the provision of emotional support, instrumental assistance, and communication
contribute to youths’ downregulation of negative emotions, such as anger proneness,
irritability, and impulsivity, that forecast substance use (Simons, Chen, Stewart, & Brody,
2003). Similarly, these parenting practices facilitate the development of goal setting,
planfulness, persistence, and a future time perspective among African American youths; these
behavioral self-regulatory processes reduce the likelihood that youths will use substances
particularly when they are in situations that give them the opportunity to do so (Brody et al.,
2004). We hypothesize that involved-supportive parenting processes buffer youths against
risks that the 5-HTTLPR confers on the development of the affect and behavioral self-
regulatory systems. By facilitating youths’ ability to downregulate negative emotions,
upregulate positive emotions, set goals, plan to attain them, and work persistently toward them,
the provision of involved-supportive parenting may override the relation between 5-HTTLPR
and the affective and behavioral self-regulatory systems, reducing youths’ risk for substance
use. Future research is needed to test this hypothesis.

Two findings merit particular attention.. First, genetic risk status was not associated with
substance use at the incept (wave 1) of the growth curve analysis, when the youths were 11.
The most plausible explanation for this finding was the low levels of substance use in which
the youths had engaged during the previous year, which made detection of an association
difficult. This finding highlights a general limitation in the literature that addresses links
between genetic risk status and the development of substance use; few, if any, studies examine
longitudinal linkages between genetic vulnerabilities and substance use outcomes for youths
at different developmental stages. Second, parenting was not associated with the slope of
substance use in the presence of 5-HTTLPR; its contribution was its moderation of genetic
risk. In prior research, longitudinal links of parenting with substance use and other related
outcomes indicated that parenting processes have their greatest effects on youths at highest
risk. Presumably, protective parenting processes deter substance use by facilitating youths’
development of inhibitory controls (see Rutter, 1985). Another plausible explanation for the
pattern of parenting effects in this study comes from an emerging body of research indicating
that individuals with one or two copies of the short allele variant of 5-HTTLPR are more
sensitive to both positive and negative aspects of the environment. Youths in the present study
with the high-risk genotype may have been more attuned to, and thus benefited more from,
protective parenting than were youths with the low-risk genotype (Heinz et al., 2007).

Our ongoing partnerships with rural African American community members were essential in
enabling us to gather the data needed for this study. Our prior research indicates that
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partnerships with community members result in culturally sensitive research procedures and
raise engagement rates (Murry & Brody, 2004). In the present study, the focus group process
that we developed for our longitudinal developmental and intervention research programs
provided us with feedback regarding participants’ concerns about providing DNA samples and
suggestions for allaying those concerns. Focus group feedback was incorporated in the
development of the question-and-answer pamphlet that we gave to parents and youths when
they were asked to provide DNA samples. The focus groups also critiqued the telephone scripts
used to inform parents and youths about the DNA collection. Community members’
involvement in the development and implementation of a new research topic yields many
benefits; in this case, our participation rates depended on it.

African American children grow up in diverse communities that vary in population density
and economic status. The present study included youths from relatively small communities in
rural Georgia. Small towns and rural areas are becoming more similar to urban environments
as substance abuse increases rapidly outside the inner cities (Helge, 1990). Historically,
residing in rural communities has protected African American adolescents from the high-risk
behaviors prevalent in urban areas. Recent epidemiologic data, however, indicate that African
American youths in rural areas are engaging in substance use at rates equal to or exceeding
those in densely populated inner cities (Kogan, Berkel, Chen, Brody, & Murry, 2006). We
expect involved-supportive parenting to buffer genetic risk for substance use regardless of
families’ residential locations, although this remains an empirical question. Research also
suggests that the provision of support, involvement, and communication by a variety of social
agents will moderate genetic risk for African American children and adolescents. Reliance on
family, extended kin, and community networks has supported African Americans through
multiple social transitions (Sudarkasa, 1988). Extended family members’ and informal
community mentors’ provision of emotional support, instrumental assistance, and
communication should be included in future studies that address processes that compensate
for genetic risk.

The results of this study point to the potential of preventive interventions to protect youths
from genetic risks for substance use, behavior problems, and emotional difficulties.
Longitudinal, prospective studies that identify protective processes against genetic diatheses
should inform the design of preventive interventions. As these processes are identified for
specific populations, they can be used as malleable targets of universal prevention programs.

Some aspects of the present research should be noted as possible limitations. Future research
should assess support, assistance, involvement, and communication from grandparents,
extended family members, and other important adults in the community. The provision of
support from an array of social agents in addition to parents may ameliorate genetic risk. With
older samples, it also may be appropriate to test moderation hypotheses in relation to diagnostic
indices of substance abuse or dependence. These cautions notwithstanding, the present study
demonstrated that involved-supportive parenting reduced the association between the 5-
HTTLPR polymorphism and longitudinal increases in substance use.
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Figure 1.
Mean rate of increase on the substance use index for genetic risk × parenting combinations.
Groups classified as low on involved-supportive parenting include families at or below the
30th percentile for the study sample; groups classified as high include those at or above the
70th percentile.
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Table 1

Means, Standard Deviations, Medians, and Interquartile Ranges (IQR) for Study Variables

Variables M SD median IQR

  1. Involved-supportive parenting 16.58 3.85

  2. Economic distress 20.86 3.78

  3. Parental education 5.00 1.25

  4. Single parenthood 1.00 1.00

  5. Per capita income 557.20 406.40

  6. Youth gender 2.00 1.00

  7. Substance use, wave 1 0.55 1.30

  8. Substance use, wave 2 0.78 1.49

  9. Substance use, wave 3 1.15 1.96

10. Substance use, wave 4 1.45 2.01
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Table 2

Intercepts, Slopes, and Model Fit Indexes for the Unconditional and Conditional Models

Model Intercept (SE) Slope (SE) Model Fit Index

Unconditional Model χ2 = 5.13, df = 5, p = .40; CFI = .92; RMSEA = .01

  Substance use

 M .32* (.06) .20* (.05)

 Variance .34* (.13) .16* (.07)

Conditional Models (including control variables)

  Model 1 χ2 = 19.83, df = 15, p = .18; CFI = .96; RMSEA = .05

 5-HTTLPR status −.05 (.10) .21* (.09)

  Model 2 χ2 = 21.55, df = 17, p = .20; CFI = .97; RMSEA = .04

 5-HTTLPR status −.07 (.11) .19* (.09)

 Involved-supportive parenting −.02 (.33) −.02 (.02)

  Model 3 χ2 = 23.55, df = 19, p = .21; CFI = .97; RMSEA = .04

 5-HTTLPR status −.07 (.11) .19* (.09)

 Involved-supportive parenting −.02 (.05) −.02 (.03)

 5-HTTLPR status × involved-supportive parenting .01 (.05) −.07* (.03)

Note. Coefficients are standardized. SE: standard error.

*
p < .05.
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