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ABSTRACT

Background: Genetic and environmental factors influence substance use behaviors in youth. One of the
known environmental risk factors is exposure to life stressors. The aim of this project is to study the
interaction between NR3C7 and CRHBP, genes thought to be involved in stress pathways, exposure to
stressful life events, and adolescent alcohol use/misuse. Methods: The sample included 541 African
American individuals (ages 13-18) from the Genes, Environment, and Neighborhood Initiative, a subset of
the Mobile Youth Survey sample from whom DNA and more extensive phenotypic data were collected.
Participants were selected from high-poverty neighborhoods in Mobile, Alabama, with potential exposure
to a variety of extreme life stressors. Results: A measure of stressful life events was significantly predictive
of alcohol use/misuse. In addition, this association was significantly dependent upon the number of
putative risk variants at rs1715749, a single-nucleotide polymorphism (SNP) in CRHBP (P < .006). There was
no significant interaction between NR3CT and stressful life events with respect to alcohol use/misuse, after
taking into account multiple testing. Conclusions: These findings suggest that CRHBP variants are
potentially relevant for adolescent alcohol use/misuse among African American youth populations being
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reared within the context of stressful life events and warrant replication.

Introduction

Adolescent substance use is a major public health problem,
with alcohol being the most widely used drug by youth.!
Alcohol use among African Americans is an area of major
concern because alcohol use is related to 3 of the 4 leading
causes of death among African Americans between the ages
of 12 and 20, including homicide, unintentional injuries, and
suicide.” Further, despite lower rates of substance use among
African American adolescents, they display more problem-
atic trajectories of drinking as they age into adulthood and
consequently report higher levels of substance-related prob-
lems than white Americans.® For example, although African
American youth are more likely to initiate smoking at a
much later age than white youth, once they have initiated
use, they are less likely to desist use.*” Consequently, African
American youth are categorized as a population at greater
risk for alcohol and substance use and misuse.® For example,
rates of heavy drinking and alcohol-related problems remain
high in African American individuals aged 18 to 29 as com-
pared with European Americans.” African Americans are
also more likely to face disadvantaged environmental condi-
tions, such as poverty.® Yet, there is a scarcity of research

examining adolescent substance use among African Ameri-
can youth living in high-poverty neighborhoods.®

Stressful life events

According to the National Comorbidity Replication Survey
(NCS-R), 53% of adults have experienced some kind of major
life stressor before the age of 18.® Of these stressors, the most
common consist of parental divorce, family violence, economic
adversity, parental death, and mental illness. Although the bio-
logical stress response system is essential to human survival, it
has been found that chronic or overactivation of the stress
response system results in an increased vulnerability for not
only physiological problems, but also an increased risk for psy-
chopathologies such as anxiety, depression, and alcohol and
other drug dependence.’

Adverse childhood events have been strongly related to alco-
hol use in early and mid-adolescence'” and to the subsequent
development of alcohol dependence.'' Stressful life events
(SLEs) have also been linked to increased drug use over time
among adolescents,'>'* and as a prominent predictor of early
alcohol and drug use."* Consequently, in recent years, the role
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of SLEs has been an area of increasing interest because of its
noted influence on substance use outcomes. However, the asso-
ciations between SLEs and substance use in at-risk African
American youth have received relatively little empirical atten-
tion. This represents an important gap in the literature because,
in comparison with their white peers, African American youth
experience higher rates of violence and poverty."” In the few
studies that have examined SLEs in African Americans, violent
victimization was suggestive of playing an important role in
prolonging substance use in a longitudinal study following
African Americans aged 6 to 42.'° Furthermore, Doherty and
colleagues'® also found that life traumas involving coercion and
force can also be highly predictive of drug dependence among
both Caucasian and African American populations.

Influence of genetic factors

Substance use not only is influenced by environmental factors,
but is also a function of genetic factors.'” ' Further, studies
have suggested that specific environmental factors can moder-
ate the importance of genetic effects. Genes implicated in stress
response are especially strong candidates for observing gene-
environment interaction. For example, Covault and col-
leagues® found that among college students being homozygous
for the 5-HTTLPR short allele was associated with an increased
risk for drinking outcomes (including drinking frequency and
drinking intentions) if they had experienced multiple negative
events in the past year relative to their counterparts who had
low (or no) exposure to negative life events. The drinking of
students homozygous for the long allele did not differ as a func-
tion of negative life events. These results parallel other findings
of the interaction between the 5-HTTLPR short allele and
childhood maltreatment exposure on use of alcohol in chil-
dren.” Similarly, gene-environment interactions have also
been observed with a variant of the gene for the dopamine type
2 receptor (DRD2 Taql polymorphism). Madrid and col-
leagues® found that variability in stress exposure interacted
with the DRD2 Taql polymorphism in predicting risk for alco-
holism, such that carriers of the Al allele were at an increased
risk for alcoholism when exposed to higher levels of stressors in
comparison with lower levels of stressors. These results parallel
findings by Bau and colleagues,” such that DRD2 Taql Al
allele interacted with measures of stress to predict severity of
alcoholism.

Another effort to extend the genotype-environment interac-
tion literature included examining the role of CRHRI, which
codes for the corticotropin-releasing hormone receptor in the
pituitary gland. Interest in CRHRI as a candidate gene for the
interaction between environmental stress and alcohol use
resulted from animal studies.”® The gene-environment interac-
tion was also tested in a sample of 15-year-olds of predomi-
nantly European descent, selected from the Mannheim Study
of Children at Risk. These results indicated that variation in the
CRHRI gene and the greater number of negative life events
during the previous 3 years was significantly associated with
increasing rates of lifetime heavy alcohol use and levels of
excessive use per occasion.”” Another candidate gene includes
PER2, which codes for the period circadian protein homolog 2
protein in humans. PER2 is a circadian clock gene, which
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influences the adaptation of an organism to its internal and
external environment through governing circadian rhythms,
which in turn has been found to be influenced by heavy alcohol
use. Recent findings from the Mannheim study of Children at
Risk indicated a protective effect of the minor allele of PER2 on
the susceptibility to alcohol use in young adults exposed to a
higher number of stressful life events during the previous
3 years.”

In this study, we examined the genes NR3CI and CRHBP
based on their potential relevance for stress response. NR3CI
codes for the glucocorticoid receptor that, when bound to glu-
cocorticoids, acts as a transcription factor mediating the adap-
tation to environmental challenges and stress.”” A number of
functional polymorphisms have been identified that impact
sensitivity or resistance to glucocorticoids,”™’' which are
released following stress (including alcohol)-induced activation
of the hypothalamic-pituitary-adrenocortical (HPA) axis. The
known functional role of NR3CI variants in regulating the
body’s response to environmental challenges and psychosocial
stress point to NR3CI as a high-priority candidate gene for this
study. Laboratory studies have suggested a role for NR3CI in
self-administration of drugs of abuse in animal models.*’

CRHBP codes for the corticotropin-releasing hormone-
binding protein (CRH-BP), which regulates the availability of
CRH to act at its receptors and inhibits CRH activation of the
HPA axis. Activity of the CRH-HPA system has long been
known to shape effects of environmental impacts during devel-
opment (including SLEs and substance use) on responses to
later life stressors and impact risk for psychiatric disorders.”” In
a study by Ray,” it was found that a genetic variant in CRHBP
was associated with variations in alcohol craving. Specifically,
the T-allele homozygotes at rs10055255 (located within intron
6 of the CRHBP gene) reported greater alcohol craving during
stress-induced conditions but not in the neutral conditions,
greater negative moods following stress imagery but not after
the neutral imagery, as well as greater stress-induced tension,
compared with A-allele carriers. In addition, CRHBP variants
have been associated with alcohol dependence occurring con-
currently with 2 highly comorbid conditions that themselves
are known to be linked with high stress exposure—anxiety”*
and depressive symptoms.™

Objective of the present study

With the increasing documentation of the influence of specific
environmental factors in moderating the importance of genetic
effects, it is important to identify specific genes and environ-
ments that act together. The present study examined the associ-
ations among NR3C! and CRHBP genotypes and adolescent
alcohol use/misuse in African American youth living in high-
poverty neighborhoods as moderated by SLEs. Consistent with
the theoretical mechanism outlined by Shanahan and Hofer,
we expected genetic variance associated with alcohol use/mis-
use would increase under conditions of higher levels of SLEs.*
Specifically, we predicted genetic effects would be most pro-
nounced under conditions of high SLEs and attenuated under
conditions of low SLEs.
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Methods
Sample

The sample included individuals from the Genes, Environ-
ment, and Neighborhood Initiative (GENI). This group of
individuals (ages 13-18) includes a subset of participants
from the Mobile Youth Survey (MYS) sample from whom
DNA was collected, as well as more extensive phenotypic
data.””*® The MYS is a community-based, multiple-cohort
longitudinal study of adolescents who live in impoverished
neighborhoods in Mobile, Alabama. The study began in
1998 with the goal of studying the etiology of risk behaviors
among adolescents living in extreme poverty and how factors
(such as family, school, and neighborhood) affect risk behav-
iors. The GENI study was developed with the primary aim
of understanding gene-environment interplay for these risk
behaviors.

Participation in GENI involved an extensive interview, using
an audio computerized self-administered interview (ACASI)
approach, for all eligible adolescents from GENI families and
their caregiver. The interviews involved questions related to the
primary outcomes of interest, including sexual risk taking, sub-
stance use, and externalizing problems as well as on exposure
to stressors, neighborhood conditions, and other potential risk
or protective factors. Additionally, select candidate genes were
genotyped based on the existing literature, which connects
these genes to the risk behaviors of interest to GENI. Conse-
quently, GENI aimed to investigate the gene-environment
interplay in relation to a variety of risk behaviors among Afri-
can American youth in urban, high-poverty neighborhoods.
The institutional review boards at Northwestern University,
Virginia Commonwealth University, the University of Illinois
at Chicago, and the University of Alabama approved proce-
dures for this study.

The total GENI sample included 592 participants; however,
there was a small group of individuals from whom responses
were missing on key analytic variables. Therefore, this analytic
sample represents 541 individuals (mean age [SD] = 15.89
[1.43]; 51.6% female).

Measures

Alcohol use

Data on alcohol use/misuse were collected from the AIDS
Risk Behavior Assessment (ARBA) scale.’”** A principal
component analysis was conducted using 3 items based on
frequency, quantity, and binge drinking: “In the last
12 months, how many days did you drink alcohol?” “Think
of all the times you have had a drink during the last
12 months, how many drinks did you usually have each
time?” and “Over the last 12 months, on how many days did
you drink 5+ drinks in a row, within a couple of hours?”
Standard definitions of “drinks” were provided. Factor scores
were calculated on all participants in the sample, including
those who did not endorse ever drinking. In this manner,
initiation and use dimensions are collapsed together, which
is more appropriate among a sample of this age group than
is the case with a sample of adults.

Stressful life events

The Exposure to Stressors scale measures total amount of expo-
sure to life stressors, as well as frequency of exposure to these
stressors.*>*® This is a 16-item scale assessing items within 3
major categories: life transitions, circumscribed events, and
exposure to violence during the last 12 months. Response
options included “yes” (coded as 1) or “no” (coded as 0). Fre-
quency of exposure to these stressors was assessed based on the
event occurring “once,” “twice,” or “three or more times.” For
the purposes of the present study, we used a sum score of SLEs.
Previous studies have found that the joint effect of exposure to
multiple adverse events is stronger than the effect of a single
adverse event. For example, Pilowsky and colleagues'' found
that individuals who experienced 2 or more adverse childhood
events are at increased risk for lifetime alcohol dependence.

Genotyping

DNA was obtained via saliva samples using Oragene collection
kits under the supervision of a specially trained interviewer.
Saliva samples were labeled anonymously and sent to the Vir-
ginia Institute for Psychiatric and Behavioral Genetics (Rich-
mond, VA), where DNA extraction and genotyping occurred.
In total, DNA samples have been obtained from 579 individu-
als, representing 98.3% of the total GENI sample.

A total of 18 single-nucleotide polymorphisms (SNPs) were
genotyped across the 2 genes, all of which were based on Hap-
Map data from the Nigerian Yoruba population, in order to
capture the genetic variability in individuals of African descent.
All SNPs were in Hardy-Weinberg equilibrium. Genotyping
was conducted using fluorescence polarization detection of
template-directed dye-terminator incorporation (FP-TDI) with
appropriate AcycloPrime SNP detection kit for specific poly-
morphisms (PerkinElmer, Boston, MA) and an automated
allele-scoring platform.*’

The genotyping success rate for NR3C1 and CRHBP within
this sample was >98% for all variants. Haploview*® was used to
estimate linkage disequilibrium (r*) across the full set of geno-
typed SNPs (summarized in Figure 1). A multiple-testing cor-
rection across the SNPs was performed using the Web-based
software SNPSpD,* which takes into account the number of
SNPs genotyped and the linkage disequilibrium (LD) structure
between them. Based on this test, we used adjusted significance
values of P = .006 for NR3CI and P = .007 for CRHBP as evi-
dence for association and interaction.

Statistical analyses

For these analyses, each of the SNPs was coded 0, 1, or 2,
reflecting an additive genetic model. This coding is in reference
to the number of copies of the minor allele (Table 1). We used
bivariate correlations to assess the association between SLEs
and alcohol use/misuse. We then used linear regression models
in SPSS Statistics (version 20.0; IBM, Armonk, NY) to assess
the additive and interactive effects for genotype and SLEs in
predicting alcohol use/misuse. The interaction was modeled by
creating cross-product terms between each SNP and total SLEs
(centered on its mean to aid in interpretation). The covariates
of child age and sex were accounted for in calculating the main
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Figure 1. Haploview plot of linkage disequilibrium structure () across the genotyped single nucleotide polymorphisms in (A) CRHBP and (B) NR3C7 using African Ameri-

cans from the GENI sample.

effect. Covariates accounted for in calculating the interaction
effects were sex and child age, the gene-specific SNP, and total
SLEs. Regression models were conducted separately for each
SNP.

In addition, simulations from recent research® demonstrate
that using a cross-product interaction term with a 3-level geno-
type can lead to spurious results under some conditions and
may not accurately capture the nature of the interaction. It has
been suggested that a reparameterization of the regression
equation with additional degrees of freedom is a better way to
represent the nature of the interaction effects, rather than the
single cross-product term that is more commonly used with a
3-category coding of the genotype. Therefore, we also fit an
extended parameterization of the interaction model involving
greater degrees of freedom, for SNPs that yielded interactions

with the single cross-product term, to determine whether the
predicted interaction lines accurately represented the shape of
the interaction in the data.

Results
Descriptive statistics

The number of participants who reported ever use of alcohol
was 168 (31.1%). Of those who reported ever using alcohol, 59
participants (35.1%) reported drinking alcohol 1 to 2 days over
the past 12 months, and 51 participants (30.3%) reported
drinking alcohol 3 or more days in the past 12 months. An
average of 2.40 drinks (SD = 1.39) was consumed per drinking
occasion. For those subjects who reported drinking in the past

Table 1. Moderated multiple regression of CRHBP and NR3C1 SNPs and total stressful life events predicting alcohol use/misuse in the whole sample.

Percentage of Subjects with copies of minor allele

Alcohol use/misuse

SNP main effect®  SNP x SLEs interaction”

SNP SNP position  Relative position Minor allele 0 1 2 B P B P

CRHBP
rs1715752  chr5:76274929 Promoter T 36.3 46.5 17.2 0.05 44 —0.04 .05
rs1715749  chr5:76275603  Promoter T 315 474 21.1 0.02 0.73 —0.06 006"
1532897 chr5:76286728 Intron 3 C 49.6 420 84 0.17 .01 —0.01 .55
rs7718461  chr5:76293804 Intron 5 A 56.4 36.7 6.8 —0.14 .04 —0.01 .70
1s1053989  chr5:76300791 3’ UTR C 56.1 37.2 6.6 —0.14 .05 —0.01 .69
1s2174444  chr5:76301278 Downstream T 33.2 50.2 16.6 0.02 73 —0.02 44
rs10474485 chr5:76306609 Downstream A 354 49.7 149 0.03 61 0.01 .60
11715747 chr5:76310293 Downstream T 523 39.2 8.6 —0.08 .26 —0.02 A1

NR3C1
1517209258 chr5:142653590 Intron 7 G 91.0 8.8 0.2 —0.13 40 0.02 75
10482682 chr5:142659590 Intron 5 T 75.8 22.5 17 —0.03 .76 0.02 A7
rs10482672 chr5:142672726 Intron 3 A 64.6 315 39 —0.14 .08 —0.02 .36
rs852980  chr5:142681049 Intron 2 G 29.0 55.7 154 —0.05 A7 —0.01 .78
12918418  ¢chr5:142703566 Intron 2 C 69.7 27.1 3.2 0.02 .84 —0.01 73
1s2963149  chr5:142705277 Intron 2 T 50.7 42.0 7.3 0.03 .68 —0.01 .70
14128428  chr5:142742006 Intron 2 C 82.7 16.3 0.9 0.02 .88 0.02 67
13182800 chr5:142781673 Intron 1 T 67.6 27.5 49 0.08 .30 0.03 30
rs4912910  chr5:142787083 Intron 1 G 422 46.2 11.6 —0.09 a7 —0.01 .54
112655166 chr5:142789465 Intron 1 C 91.0 8.4 0.6 —0.03 .84 0.04 49

?Covariates accounted for in calculating the main effect were child age and sex.

bCovariates accounted for in calculating the interaction effects were sex, child age, gene-specific SNP, and SLEs. The SLEs variable was centered on its mean for the

analyses.
*P < .007 (Nyholt correction P value for CRHBP).
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year, the number of participants who reported engaging in
binge drinking (having 5 or more drinks in a row within a cou-
ple of hours) on 1 to 2 days over the last 12 months was 25
(22.7%), whereas 19 participants (17.1%) engaged in binge
drinking on 3 or more days over the past 12 months. Overall,
participants reported exposure to an average of 3.85 SLEs (SD
= 3.08). There was a modest correlation between SLEs and
alcohol use/misuse (r = 0.19, P < .01). An alcohol factor score
was created such that higher scores indicated increased drink-
ing frequency, quantity, and heaviness (range = —0.41-6.34,
mean [SD] = 0 [1]). The factor score explained 76% of the vari-
ance in alcohol use/misuse outcome. Factor loadings based on
principal component analysis for the 3 items were 0.88, 0.90,
and 0.83, respectively.

Regression analyses

Results of moderated multiple regressions of all SNPs and total
SLEs predicting alcohol use/misuse are shown in Table 1. The
main effect SLEs on predicting alcohol use and misuse was sig-
nificant (R* = 0.08, B = 0.06, P < .01). There were no signifi-
cant main effects of any of the SNPs on the outcome, based on
the Nyholt correction.

In CRHBP, the interaction between SLEs and rs1715749 was
significant in predicting alcohol use/misuse after applying the
Nyholt correction (R* = 0.09, B = —0.06, P < .006) (Table 1).
Post hoc analyses including a test of simple slopes for the sig-
nificant interaction between SLEs and rs1715749 indicated that
the association between SLEs and alcohol use/ misuse was sig-
nificant for the C/C genotypic group (B = 0.11, P < .001) and
C/T genotypic group (B = 0.06, P < .002) but not for the T/T
genotypic group (B = 0.001, P = .97). A regression plot to illus-
trate the interaction effect is shown in Figure 2A. After correct-
ing for multiple testing, there were no significant interactions
between SLEs and NR3C1 (Table 1).

Figure 2B is a plot of the regression lines for each genotype
from the reparameterization of the regression equation for
rs1715749 in CRHBP that yielded a significant interaction effect
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with the cross-product term. In a comparison of the regression
plots representing the predicted values from the standard
regression equation using the single cross-product term
(Figure 2A) with the regression plots representing the extended
parameterization (Figure 2B), we can see that using the single
cross-product term relatively accurately captures the nature of
the interaction in relation to the ordering of the genotypic cate-
gories and slope of the predicted regression lines for each
genotype.

In a set of supplementary analyses, linear regression models
were run among only those subjects who reported any drinking
over the past year (n = 168). The main effect of SLEs on alcohol
use and misuse remained significant (R* =0.08, B=0.06,P <
.05) (Table 2). There were no significant main effects of any of
the SNPs on the outcomes, based on the Nyholt correction.
Although not significant after applying the Nyholt-adjusted P
value, the interaction between SLEs and rs1715749 remained
nominally significant in predicting alcohol use/misuse (R* =
0.12, B = —0.09, P < .05) (Table 2). Thus, even though the
moderation effect is attenuated (as is expected given the
reduced sample size), the effects observed in the full sample
remain consistent when nondrinkers are excluded. This sug-
gests that our results are not entirely driven by the distribution
of the alcohol factor.

Discussion

The present study examined the associations between genotypes
in CRHBP and NR3CI and adolescent alcohol use/misuse in a
sample of African Americans adolescents living in high-poverty
neighborhoods. We found a significant main effect of SLEs on
alcohol use/misuse such that higher levels of SLEs were associ-
ated with higher levels of alcohol use/misuse. There was no
evidence for main effects for either of the genes studied here
after correcting for multiple testing. We found a significant
interaction between rs1715749 in CRHBP and SLEs in predict-
ing alcohol use/misuse. Individuals having 2 copies of the minor
allele may be more resilient to environments of high SLEs than
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Figure 2. Regression plots. Evidence of the interaction effects for the significant SNP, rs1715749, in CRHBP of the (A) normal regression model and in the (B) extended
parameterization model, including a comparison of the predicted values based on the regression equation to the raw data. The x-axis represents the raw values of SLEs
to aid in interpretation. However, mean centered values of SLEs were used in the analyses.



SUBSTANCE ABUSE (&) 455

Table 2. Moderated multiple regression of CRHBP and NR3C1 SNPs and total stressful life events predicting alcohol use/misuse in individuals endorsing alcohol use in the

past 12 months.

Percentage of subjects with copies of minor allele

Alcohol use/misuse

SNP main effect®  SNP x SLEs interaction®

SNP SNP position  Relative position Minor allele 0 1 2 B P B P

CRHBP
rs1715752  chr5:76274929 Promoter T 31.6 50.6 17.7 0.02 .84 —0.08 .04
1s1715749  chr5:76275603 Promoter T 27.1 529 20.0 —0.01 95 —0.09 02"
1532897 chr5:76286728 Intron 3 C 46.2 41.1 12.7 0.18 1 —0.08 .06
1s7718461  chr5:76293804 Intron 5 A 60.4 32.7 6.9 —0.26 .03 0.01 .76
rs1053989  chr5:76300791 3 UTR C 59.1 333 7.5 —0.26 .03 0.01 77
12174444 chr5:76301278 Downstream T 34.6 50.3 15.1 0.11 33 —0.06 14
rs10474485  chr5:76306609 Downstream A 35.2 484 16.4 0.06 .59 —0.03 43
rs1715747  chr5:76310293 Downstream T 58.2 34.8 7.0 —0.07 .56 0.02 .69

NR3C1
1517209258 chr5:142653590 Intron 7 G 924 7.6 0.0 —0.22 47 0.1 3
10482682 chr5:142659590 Intron 5 T 771 19.7 3.2 —0.06 .69 0.05 39
10482672 chr5:142672726 Intron 3 A 66.3 29.4 44 —0.24 .08 —0.02 .59
rs852980  chr5:142681049 Intron 2 G 28.2 59.0 12.8 —0.07 .57 —0.04 A4
12918418  chr5:142703566 Intron 2 C 69.8 27.7 2.5 0.04 .8 —0.02 61
12963149  chr5:142705277 Intron 2 T 494 438 6.9 0.05 71 —0.05 22
rs4128428  chr5:142742006 Intron 2 C 829 14.6 2.5 —0.02 93 0.01 .86
13182800 chr5:142781673 Intron 1 T 63.5 314 5.0 0.07 .6 0.02 64
14912910  chr5:142787083 Intron 1 G 44.7 484 6.9 —0.01 93 —0.01 92
1512655166 chr5:142789465 Intron 1 C 90.0 9.4 0.6 —0.14 .56 0.07 42

Covariates accounted for in calculating the main effect were child age and sex.

PCovariates accounted for in calculating the interaction effects were sex, child age, gene-specific SNP, and SLEs. The SLEs variable was centered on its mean for the

analyses.
*P < .05.

those individuals with 0 or 1 copy of minor allele in the same
environment of high SLEs. Specifically, when we tested regions
of significance for each genotype group contrast (i.e., 0 versus 1
copy of the minor allele), we found that individuals with 0 copies
of the minor allele had significantly fewer alcohol use problems
as a function of low SLEs than individuals with 2 copies of the
minor allele in the same conditions of SLEs. These findings sup-
port the concept of differential susceptibility,”" which suggests
that individuals who are highly susceptible to their environ-
ments fare more poorly in negative environments (ie., high
SLEs) but also fare much better in positive environments (i.e.,
low SLEs) compared with individuals who are less susceptible to
their environments. After taking into account multiple testing,
there were no significant interactions between any of the SNPs
from NR3CI and SLEs in predicting alcohol use/misuse.

The SNP in CRHBP with which we find evidence of gene-
environment interaction is novel in that this SNP has not been
examined in relation to alcohol-related outcomes in prior
research. The SNP is located in the promoter region of the gene
and lies within a distinct haplotype block from SNPs in the 3’
UTR (untranslated region) for which previous studies have evi-
denced associations with other psychiatric disorders.”>*
Among existing studies examining variants of CRHBP, Ray and
colleagues™ found that in a sample of non-treatment-seeking
heavy drinkers, homozygotes for the T allele of rs10055255
reported higher stress-induced craving for alcohol. However,
this SNP is not in LD with rs1715749.*® Evidence for the role of
CRHBP in stress and substance use also comes from animal
models in which CRHBP in rat brain has been shown to modu-
late effects of corticotropin-releasing hormone on stress-
induced relapse to drug abuse.” Other studies have shown that
CRHBP variants are potentially relevant for adolescent alcohol

use/misuse’>*; however, we did not find any main effects in
our African American population.

Limitations

The results from this study should be considered in the context of
several limitations. First, the effects discussed in this study were
identified within a sample of African American youth living in
high-poverty neighborhoods; it is possible that the same findings
might not be found within a different ethnic or socioeconomic
sample. Drinking behaviors differ significantly across varying eth-
nic groups.” Adolescents of European ancestry begin drinking at
an earlier age and drink greater quantities with more frequency
than adolescents of African ancestry.”” > It is also noteworthy
that endorsement of alcohol use is much lower among African
American adolescents in comparison with their white counter-
parts, which has been suggested to be, in part, a result of greater
levels of disapproval of substance use among African American
populations.”® Rates of alcohol use in this sample were compara-
ble to the prevalence found nationally.”” Specifically, ever drink-
ing alcohol was endorsed by 30.7% of the participants in this
sample, whereas the national prevalence for alcohol use in African
American youth is 33.4%.”” Rates of alcohol use in this sample
were also comparable to other samples of African American
youth living in public housing such that the prevalence of lifetime
alcohol use among youth, ages 11 to 21, was reported as 35.3%."”
Accordingly, genetic effects associated with alcohol use may not
be as easily detected in African American samples because of low
endorsement. For example, in the present study, supplementary
analyses were conducted among the subsample who endorsed
any drinking over the past year. However, as expected, due to the
reduced sample size owing to the low endorsement of alcohol use,
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the interaction between SLEs and rs1715749 was nominally sig-
nificant (P < .05) in predicting alcohol use/misuse, but did not
remain significant after applying the Nyholt correction. Nonethe-
less, it is important to note that the effect size of the interaction
between SLEs and rs1715749 in predicting alcohol use/misuse is
larger than the resulting effect size seen when analyses included
the whole sample, and that the direction of the effect of the inter-
action between SLEs and rs1715749 in predicting alcohol use/
misuse remains the same as compared with the resulting interac-
tion effect seen when analyses included the whole sample. Thus,
future analyses run on samples of only those who endorse alcohol
use in the past year would require larger sample sizes to address
the limitation of low endorsement of alcohol use that is character-
istic of African American adolescents.

Second, other issues affecting lack of consistency of effects
seen across populations are differences in minor allele fre-
quency.”® Differing allele frequencies between populations can
affect the ability to detect effects from one population to the
next; therefore, studies of individuals of African descent may
not detect the same signals (as seen in European Americans).
Further, this may suggest that causal variants differ between
populations of different ethnicities, thus highlighting the need
to extend genotyping efforts to further elucidate potentially
important effects that vary between populations. This under-
scores the importance of conducting genetically informative
studies in African Americans and other minority populations.

Lastly, the present study examines only 2 genes involved in
stress response. However, future investigations should include
additional candidate genes that go beyond the commonly
selected genes (e.g., 5-HTTLPR and DRD2). Other stress genes,
such as CRHRI and PER2, have also been shown to interact
with SLEs and alcohol-related outcomes, such as adolescent
heavy alcohol use*” and more drinks per occasion”® in individ-
uals of predominantly European descent. However, although
not genotyped within this sample, the role of such additional
stress-related genes should be included and extended to sam-
ples of African American youth in future analyses.

Conclusion

In conclusion, these results extend the growing literature on the
role for CRHBP in substance use and other stress-related disor-
ders. Notably, these findings suggest that CRHBP rs1715749
may contribute toward the risk of alcohol use/misuse in African
Americans, such that the effect of this gene on alcohol use/mis-
use can vary as a function of exposure to SLEs. Identifying how
specific environmental variables interact with genetic variants
to influence substance use behaviors is necessary to develop a
better understanding of the etiology of complex behaviors.
Identifying environmental risk factors to developing problem-
atic substance use outcomes also promotes a better understand-
ing of those social contexts under which genetic predispositions
are expressed. In addition, such interactions also aid in devel-
oping more targeted prevention and treatment programs for
adolescent individuals at risk for developing substance use
problems and/or for adolescents exposed to a wide variety of
stressors. Initial analyses of genotype-intervention interaction
studies suggest that children who are most at risk for substance

use and externalizing outcomes may also be those who are
most likely to benefit from intervention.” ®'

Funding

This project was supported by a grant from the National Institute on Drug
Abuse (R01DA025039 to B.M.), from the National Institutes of Health’s
National Center for Advancing Translational Science (UL1TR000058),
from grant K02AA018755 (to D.M.D.), and from grant F32AA022269 (to
J.E.S). Funding provided to B.M. supported research conception and
design and collection of data. N.G., J.E.S., and D.M.D. drafted the manu-
script. Funding agencies supported data collection and individuals’ effort
on this work and were not involved with the development of the intellec-
tual content of this publication.

Author contributions

B. Mustanski was responsible for the study concept and design. F. Aliev
and J. E. Salvatore aided in performing the statistical analysis. J. E. Salva-
tore and D. M. Dick aided in drafting the manuscript. J. E. Salvatore and
D. M. Dick shared senior authorship responsibilities for these analyses and
the manuscript. All coauthors aided with the interpretation of the results
and provided critical revision of the manuscript for important intellectual
content. All authors reviewed the content and approved the final version
for publication.

References

[1] Office of Juvenile Justice and Delinquency Prevention. Effects and
consequences of underage drinking. http://www.ojjdp.gov/pubs/
237145.pdf. Published 2012. Accessed January 10 2013.

[2] Centers for Disease Control and Prevention. Youth Risk Behavior
Survey. www.cdc.gov/yrbs. Published 2002.

[3] Horton EG. Racial differences in the effects of age of onset on alcohol
consumption and development of alcohol-related problems among
males from mid-adolescence to young adulthood. ] Ethn Subst Abuse.
2007;6:1-13. doi: 10.1300/J233v06n01_01.

[4] French K, Finkbiner R, Duhamel L. Patterns of Substance Use Among
Minority Youth And Adults in the United States: An Overview and
Synthesis of National Survey Findings. National Evaluation Data
Services (NEDS) Technical Report, Center for Substance Abuse Treat-
ment, Substance Abuse and Mental Health Services Administration,
contract no. 270-97-7016 Fairfax, VA: Caliber Associates; 2002.

[5] David SP, Hamidovic A, Chen GK, et al. Genome-wide meta-analy-
ses of smoking behaviors in African Americans. Transl Psychiatry,
2012;2:e119. doi: 10.1038/tp.2012.41.

[6] Nebbitt V, Lombe M. Environmental correlates of depressive symp-
toms among African American adolescents living in public housing.
] Hum Behav Soc Environ. 2007;15:435-454. doi: 10.1300/
J137v15n02_24.

[7] Substance Abuse and Mental Health Services Administration. Results
From the 2008 National Survey on Drug Use and Health: National
Findings. Rockville, MD: Office of Applied Studies; 2009. NSDUH
Series H-36, HHS Publication No. SMA 09-4434.

[8] Green JG, McLaughlin KA, Berglund PA, et al. Childhood adversities and
adult psychopathology in the National Comorbidity Survey Replication
(NCS-R) I: associations with first onset of DSM-IV disorders. Arch Gen
Psychiatry. 2010;67:113-134. doi: 10.1001/archgenpsychiatry.2009.186.

[9] Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids

influence stress responses? Integrating permissive, suppressive, stim-

ulatory and preparative actions. Endocr Rev. 2000;28:55-89. doi:
10.1210/er.21.1.55.

Dube SR, Miller JW, Brown DW, et al. Adverse childhood experien-

ces and the association with ever using alcohol and initiating alcohol

use during adolescence. ] Adolesc Health. 2006;38:444.e1-444.¢10.
doi: 10.1016/j.jadohealth.2005.06.006.

Pilowsky DJ, Keyes KM, Hasin DS. Adverse childhood events and

lifetime alcohol dependence. Am ] Public Health. 2009;99:258-263.

(11]



(12]

(17]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

Wills TA, Sandy JM, Yaeger AM, Cleary SD, Shinar O. Coping
dimensions, life stress, and adolescent substance use: a latent growth
analysis. ] Abnorm Psychol. 2001;110:309-323.

King KM, Chassin L. Adolescent stressors, psychopathology, and
young adult substance dependence: a prospective study. J Stud Alco-
hol Drugs. 2008;69:629-638.

Havey JM, Dodd DK. Children of alcoholics, negative life events, and
early experimentation with drugs. J Sch Psychol. 1995;33:305-317.
Lombe M, Yu M, Nebbitt V, Earl T. Understanding alcohol con-
sumption and its correlates among African American Youths in pub-
lic housing: a test of problem behavior theory. Soc Work Res.
2011;35:173-182. doi: 10.1093/swr/35.3.173.

Doherty EE, Robertson JA, Green KM, Fothergill KE, Ensminger
ME. A longitudinal study of substance use and violent victimization
in adulthood among a cohort of urban African Americans. Addic-
tion. 2012;107:339-348. doi: 10.1111/j.1360-0443.2011.03665.x.
Kendler KS, Schmitt E, Aggen SH, Prescott CA. Genetic and environ-
mental influences on alcohol, caffeine, cannabis, and nicotine use
from early adolescence to middle adulthood. Arch Gen Psychiatry.
2008;65:674-682.

Maes HH, Woodard CE, Murrelle L, et al. Tobacco, alcohol and drug
use in eight- to sixteen-year-old twins: the Virginia twin study of
adolescent behavioral development. J Stud Alcohol. 1999;60:293-305.
Poelen EAP, Derks EM, Engels RCME, et al. The relative contribu-
tion of genes and environment to alcohol use in eary adolescents: are
similar factors related to initiation of alcohol use and frequency of
drinking? Alcohol Clin Exp Res. 2008;32:975-982.

Rose R], Dick DM, Viken R], et al. Drinking of abstaining at age 14?
A genetic epidemiological study. Alcohol Clin Exp Res. 2001;25:594—-
1604.

Viken RJ, Kapiro ], Koskenvuo M, et al. Longitudinal analyses of the
determinants of drinking and of drinking to intoxication in adoles-
cent twins. Behav Genet. 1999;29:455-461.

Covault ], Tennen H, Armeli S, et al. Interactive effects of the serotonin
transporter 5-HTTLPR polymorphism and stressful life events on col-
lege student drinking and drug use. Biol Psychiatry. 2007;61:609-616.
Kaufman J, Yang BZ, Douglas-Palumberi H, et al. Genetic and envi-
ronmental predictors of early alcohol use. Biol Psychiatry.
2007;61:1228-1234.

Madrid GA, MacMurray J, Lee JW, Anderson BA, Comings DE.
Stress as a mediating factor in the association between the DRD2
Tagql polymorphism and alcoholism. Alcohol. 2001;23:117-122.

Bau CH, Almeida S, Hutz MH. The Taql Al allele of the dopamine
D2 receptor gene and alcoholism in Brazil: association and interac-
tion with stress and harm avoidance on severity prediction. Am |
Med Genet. 2000;96:302-306.28.

Hansson AC, Cippitelli A, Sommer WH, et al. Variation at the rat Crhrl
locus and sensitivity to relapse into alcohol seeking induced by environ-
mental stress. Proc Natl Acad Sci U S A. 2006;103:15236-15241.
Blomeyer D, Treutlein J, Esser G, Schmidt M, Schumann G, Laucht
M. Interaction between CRHRI gene and stressful life events predicts
adolescent heavy alcohol use. Biol Psychiatry. 2008;63:146-151.
Blomeyer D, Buchmann AF, Lascorz J, et al. Association of PER2
genotype and stressful life events with alcohol drinking in young
adults. PLoS ONE. 2013;8:e59136.

Ambroggi F, Turiault M, Milet A, et al. Stress and addiction: gluco-
corticoid receptor in dopaminoceptive neurons facilitates cocaine
seeking. Nat Neurosci. 2009;12:247-249.

Stevens A, Ray DW, Zeggini E, et al. Glucocorticoid sensitivity is
determined by a specific glucocorticoid receptor haplotype. J Clin
Endocrinol Metab. 2004;89:892-897.

DeRijk RH, Schaaf M, de Kloet ER. Glucocorticoid receptor variants:
clinical implications. J Steroid Biochem Mol Biol. 2002;81:103-122.
Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress
throughout the lifespan on the brain, behaviour, and cognition. Nat
Rev Neurosci. 2009;10:435-445. doi: 10.1038/nrn2639.

Ray L. Stress-induced and cue-induced craving for alcohol in heavy
drinkers: preliminary evidence of genetic moderation by the OPRM1
and CRH-BP genes. Alcohol Clin Exp Res. 2011;35:166-174.

(34]

(35]

(36]

(37]

(39]

(41]

(42]

(43]

(53]

(54]

SUBSTANCE ABUSE (&) 457

Enoch MA, Shen PH, Ducci F, et al. Common genetic origins for
EEG, alcoholism and anxiety: the role of CRH-BP. PLoS ONE.
2008;3:€3620. doi: 10.1371/journal.pone.0003620.

Kertes DA, Kalsi G, Prescott CA, et al. Neurotransmitter and neuro-
modulator genes associated with a history of depressive symptoms in
individuals with alcohol dependence. Alcohol Clin Exp Res.
2011;35:496-505.

Shanahan MJ, Hofer SM. Social context in gene-environment inter-
actions: retrospect and prospect. ] Gerontol. 2005;60B:65-76.

Bolland JM, Lian BE, Formichella CM, et al. The origins of hopeless-
ness among inner-city African American adolescents. Am ] Commu-
nity Psychol. 2005;36:293-305.

Bolland JM, Bryant LM, Lian BE, et al. Development and risk behav-
ior among African American, Caucasian, and Mixed race adolescents
living in high poverty inner city neighborhoods. Am ] Community
Psychol. 2007;40:230-249.

Donenberg GR, Emerson E, Bryant FB, Wilson H, Weber-Shifrin E.
Understanding AIDS-risk behavior among adolescents in psychiatric
care: links to psychopathology and peer relationships. ] Am Acad
Child Adolesc Psychiatry. 2001;40:642-653.

National Institute on Drug Abuse. Prevalence of Drug Use in the DC
Metropolitan Area Adult and Juvenile Offender Populations: 1991.
Rockville, MD: US Department of Health and Human Services; 1995.
Institute of Behavioral Science. Denver Youth Survey—Youth Inter-
view Schedule. Fort Collins, CO: University of Colorado; 1991.
Needle R, Fisher DG, Weatherby N, et al. Reliability of self-
reported HIV risk behaviors of drug users. Psychol Addict Behav.
1995;9:242-250.

Weatherby NL, Needle R, Cesari H. Validity of self-reported drug use
among injection drug users and crack cocaine users recruited
through street outreach. Educ Program Plann. 1994;17:347-355.
Watters JK. Street Youth at Risk for AIDS (Final Report). Rockville,
MD: National Institute on Drug Abuse; 1994.

Attar BK, Guerra NG, Tolan PH. Neighborhood disadvantage, stress-
ful life events and adjustment in urban elementary school children. J
Clin Child Psychol. 1994;23:391-400.

Gorman-Smith D, Tolan P. The role of exposure to community vio-
lence and developmental problems among inner-city youth. Dev Psy-
chopathol. 1998;10:101-116.

Van den Oord EJ, Sullivan PF, Jiang Y, et al. Identification of a high-
risk haplotype for the dystrobrevin binding protein 1 (DTNBP1)
gene in the Irish study of high-density schizophrenia families. Mol
Psychiatry. 2003;8:499-510.

Barrett JC, Fry B, Maller ], Daly MJ. Haploview: analysis and visuali-
zation of LD and haplotype maps. Bioinformatics. 2005;21:263-265.
Nyholt DR. A simple correction for multiple testing for single-nucle-
otide polymorphisms in linkage disequilibrium with each other. Am
J Hum Genet. 2004;74:765-769.

Aliev F, Latendresse SJ, Bacanu SA, Neale MC, Dick DM. Testing
for measured gene-environment interaction: problems with the use
of cross-product terms and a regression model reparameterization
solution. Behav Genet. 2014;44(2):165-181.

Belsky J, Bakermans-Kranenburg M]J, Van IJzendoorn MH. For bet-
ter and for worse differential susceptibility to environmental influen-
ces. Curr Dir Psychol Sci. 2007;16:300-304.

Wang B, You ZB, Rice KC, Wise RA. Stress-induced relapse to
cocaine seeking: roles for the CRF, receptor and CRF-binding pro-
tein in the ventral tegmental area of the rat. Psychopharmacology.
2007;193:293-294.

Johnston LD, O’Malley PM, Bachman ]G, Schulenberg JE. Moni-
toring the Future National Survey Results on Drug Use, 1975-
2004. Volume II: College Students and Adults Ages 19-45.
Bethesda, MD: National Institute on Drug Abuse; 2005. NIH
Publication No. 05-5728.

Sartor, CE, Nelson EC, Lynskey MT, Madden PA, Heath AC,
Bucholz KK. Are there differences between young African-American
and European-American women in the relative influences of genetics
versus environment on age at first drink and problem alcohol use?
Alcohol Clin Exp Res. 2013;37:1939-1946. doi: 10.1111/acer.12185.



458

[55]

[56]

(57]

(58]

N. GOYAL ET AL.

Biafora F, Zimmerman R. Developmental patterns of African Ameri-
can adolescent drug use. In: Vega WA, Gil AG, eds. Drug Use and Eth-
nicity in Early Adolescence. New York, NY: Plenum; 1998:149-175.
Caldwell CH, Sellers RM, Bernat DH, Zimmerman MA. Racial iden-
tity, parental support, and alcohol use in a sample of academically
at-risk African American high school students. Am J Community
Psychol. 2004;34:71-82.

Kann L, Kinchen SA, Shanklin S, et al. Youth Risk Behavior Surveil-
lance—United States, 2013. CDC Morb Mort Surveil Summ 2014; 63
(SS-04):1-168.

Rosenberg NA, Huang L, Jewett EM, Szpiech ZA, Jankovic I,
Boehnke M. Genome-wide association studies in diverse populations.
Nat Rev Genet. 2010;11:356-366. doi: 10.1038/nrg2760.

(59]

(60]

[61]

Brody GH, Chen Y, Beach SRH, et al. Differential sensitivity to pre-
vention programming: a dopaminergic polymorphism-enhanced
prevention effect on protective parenting and adolescent substance
use. Health Psychol. 2014;33:182-191.

Brody GH, Beach SRH, Philibert RA. Prevention effects
moderate the association of 5-HTTLPR and youth risk
behavior initiation: gene X environment hypotheses tested
via a randomized prevention design. Child Dev.
2009;80:645-661.

Beach SRH, Brody G, Lei MK, Philibert RA. Differential susceptibil-
ity to parenting among African American youths: testing the DRD4
hypothesis. ] Fam Psychol. 2010;24:513-521.



	Goyal et al 2016_published1_2
	Goyal et al 2016_published1_3
	Goyal et al 2016_published1_4
	Goyal et al 2016_published1_5
	Goyal et al 2016_published1_6
	Goyal et al 2016_published1_7
	Goyal et al 2016_published1_8
	Goyal et al 2016_published1_9
	Goyal et al 2016_published1_10

