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Abstract

Conduct problems, alcohol problems and hyperactive–inattentive symptoms co-occur at a high 

rate and are heritable in adolescence. The γ-aminobutyric acid A receptor, α2 gene (GABRA2) is 

associated with a broad spectrum of externalizing problems and disinhibitory-related traits. The 

current study tested whether two important forms of disinhibition in adolescence, impulsivity and 

sensation seeking, mediated the effects of GABRA2 on hyperactive–inattentive symptoms, conduct 

problems, and alcohol problems. Participants were assessed at two waves (11–17 and 12–18 years 

old; N = 292). Analyses used the GABRA2 SNP, rs279858, which tags the two complementary 

(yin–yang) GABRA2 haplotypes. Multiple informants reported on adolescents’ impulsivity and 

sensation seeking and adolescents self-reported their hyperactive–inattentive symptoms, conduct 

problems and lifetime alcohol problems. Impulsivity mediated the effect of GABRA2 on alcohol 

problems, hyperactive–inattentive symptoms, and conduct problems, whereas sensation seeking 

mediated the effect of GABRA2 on alcohol problems (AA/AG geno-types conferred risk). 

GABRA2 directly predicted adolescent alcohol problems, but the GG genotype conferred risk. 

Results suggest that there may be multiple pathways of risk from GABRA2 to adolescent 

externalizing problems, and suggest important avenues for future research.

Keywords

Conduct problems; Hyperactive–inattentive symptoms; Alcohol problems; GABRA2; Impulsivity; 
Sensation seeking

Introduction

Conduct problems, alcohol problems, and hyperactive–inattentive symptoms display 

moderate-to-high heritability in adolescence and co-occur at a high rate [1, 2]; this co-

occurrence may be due in large part to shared genetic factors [1, 2]. Although identifying 

genes that contribute to this shared genetic influence is important, it is also important to 
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identify mechanisms through which shared genes influence these phenotypes. The γ-

aminobutyric acid (GABA) A receptor, α2 gene (GABRA2), located on chromosome 4, may 

play a role in externalizing phenotypes. From a biological perspective, there are several 

factors that might account for this association. GABA acts as the vertebrate brain's main 

inhibitory neurotransmitter [3], and GABAA receptors undergo allosteric modulation by 

drugs such as ethanol, benzodiazepines, and barbituates [4]. GABAergic interneurons within 

the ventral tegmental area are also primarily responsible for the inhibitory regulation of 

dopamine neurons [5, 6], which have long been implicated in impulsive and addictive 

behaviors [7].

Along these lines, previous studies have shown associations between GABRA2 variation and 

adolescent externalizing symptoms [8, 9], adolescent conduct disorder [10, 11], and 

adolescent rule-breaking behaviors [12]. However, one recent study did not replicate 

associations between GABRA2 and adolescent conduct disorder [13]. Although adult studies 

are lacking, one study found an association between GABRA2 and adult antisocial 

personality disorder [14]. Thus, the literature largely suggests that GABRA2 relates to 

conduct problems and externalizing symptoms in adolescent samples and in one adult 

sample. In contrast, there is little evidence that GABRA2 directly predicts adolescent alcohol 

phenotypes [8, 11–13]. However, there is more evidence in adult studies [15–24] and one 

recent meta-analysis [25] that found associations between GABRA2 variants and adult 

substance use phenotypes. It is possible that GABRA2 directly predicts adult, but not 

adolescent, alcohol phenotypes because environmental influences (e.g., peers and family) 

are more important than genetic influences in predicting adolescent substance use [26]. By 

adulthood, the impact of genetic influences increases substantially [26], possibly accounting 

for the more robust prediction of adult substance use by GABRA2.

Interestingly, although Trucco et al. [12] did not find a direct effect of GABRA2 on 

adolescent alcohol problems, they did find that GABRA2 predicted adolescent alcohol 

problems indirectly, through mid-adolescent rule-breaking behaviors. Perhaps researchers 

have not found a direct association between GABRA2 and adolescent alcohol phenotypes 

because this relation is indirect, and operates through other risk factors. Thus, it is important 

to examine earlier mediating mechanisms of the relation between GABRA2 and adolescent 

alcohol problems. Finally, few studies to our knowledge have examined the association 

between GABRA2 and hyperactive–inattentive symptoms, which is surprising given that 

GABRA2 has been previously theorized to confer risk for a broad spectrum of externalizing 

problems [27].

If GABRA2 does confer risk for a broad spectrum of externalizing behaviors, it would be 

important to understand the mechanism(s) underlying these associations. Previous research 

suggests that behavioral disinhibition may be the heritable intermediate phenotype shared 

among externalizing problems [2] and, therefore, perhaps GABRA2 predicts externalizing 

problems through behavioral disinhibition. Complicating this proposition, however, are 

empirical observations that disinhibition is heterogeneous and consists of distinct facets 

[30]. To account for this heterogeneity, some studies examined associations between 

GABRA2 and distinct facets of disinhibition, finding that GABRA2 is related to adults’ NEO 

impulsivity (under negative affectivity) [23, 24], and to adolescents’ sensation seeking but 
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not impulsivity [9]. One study also found that NEO impulsiveness partially mediated the 

effect of GABRA2 on adults’ lifetime alcohol problems [24].

Taken together, previous research suggests that GABRA2 relates to some facets of 

disinhibition and these facets at least partially mediate the effect of GABRA2 on 

externalizing problems. However, no studies to our knowledge have examined which facets 

of disinhibition mediate the relation between GABRA2 and adolescent conduct problems, 

alcohol problems, and hyperactive–inattentive symptoms.

Understanding whether GABRA2 predicts these externalizing problems indirectly, through 

disinhibition, will inform the mechanisms that underlie these relations and provide a further 

test of whether GABRA2 does confer risk for broad externalizing symptomatology. In 

addition, examining these mediational links is important because a recent meta-analysis 

demonstrated that genetic effects were stronger on trait measures of impulsivity (e.g., 

Eysenck Personality Inventory) compared to manifestations of impulsivity in clinical 

symptoms of attention deficit/hyperactivity disorder [31]. Thus, genetic effects might be 

more clearly detected when using trait measures of behavioral disinhibition than measures of 

symptoms of disorder.

Two particularly important facets of disinhibition in adolescence are sensation seeking and 

impulsivity, which have been differentiated based on neurobiological and developmental 

evidence [32]. Sensation seeking is an earlier indicator of a socioemotionally driven reward 

system defined as the tendency to seek out novel/varied experiences and take risks, while 

impulsivity is an indicator of a deficit in a later developing cognitive control system defined 

as lack of planfulness and self-control [32]. These two types of dis-inhibition were also 

found in Whiteside and Lynam's [33] model of impulsivity, corresponding with sensation 

seeking (a tendency to seek out exciting and novel situations) and lack of premeditation (an 

inability to carefully think and plan).

Research demonstrates that impulsivity and sensation seeking relate differentially to 

adolescent externalizing problems. Generally, studies show that impulsivity is a predictor of 

hyperactive–inattentive symptoms (indeed, impulsivity is a core symptom of attention 

deficit/hyperactivity disorder) [34–36], conduct problems, and substance use, over and 

above sensation seeking [35–39]. On the other hand, sensation seeking appears to have more 

specificity in predicting externalizing problems. Over and above impulsivity, sensation 

seeking does not uniquely predict hyperactive–inattentive symptoms [35–37], has relatively 

weak or no associations with conduct problems [34, 35, 38–40], but remains uniquely 

associated with adolescent and adult substance use [35, 37, 39, 40].

Researchers posited that perhaps impulsivity more broadly predicts all three externalizing 

problems because those who are impulsive have general deficits in regulating/inhibiting 

their impulses, thus resulting in the expression of a wide array of problematic behaviors 

[40]. On the other hand, sensation seeking might specifically predict adolescent substance 

use because individuals with high sensation seeking have increased motivation for 

experiencing stimulation and positive emotions [41], and the use of substances might serve 

to regulate such affective states [40]. Although possibly less robust, the observed relation 
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between sensation seeking and conduct problems might be explained by the fact that 

individuals with conduct problems are more likely to experience low autonomic arousal 

[42]. Because this state might be perceived as unpleasant, those with conduct problems 

might regulate this state by seeking stimulating experiences like delinquency [43]. Given 

their role in adolescent problem behaviors, impulsivity and sensation seeking are important 

facets of disinhibition to test as mediators in the relation between GABRA2 and externalizing 

problems.

Of note, the literature on GABRA2 has largely focused on single nucleotide polymorphisms 

(SNPs) within two complementary (yin–yang) GABRA2 haplotypes that account for most of 

the haplotype diversity in Caucasians and Asians [4]. Major, or more frequent, alleles of 

SNPs within this haplotype block tag the major haplotype and vice versa in these 

populations. There is some inconsistency regarding which is the risk allele/haplotype from 

these yin–yang haplotypes and SNPs within them. For example, for the well-studied 

polymorphism, rs279858 (see “Methods” for more detail), some studies found that the major 

(A) allele predicted risk for externalizing-related problems [15, 20, 28]. However, others 

found that the minor (G) allele predicted risk for externalizing phenotypes such as conduct 

and alcohol problems in predominantly Caucasian samples [12, 16, 23, 24, 29]. Similar 

inconsistent findings have been observed for other SNPs in the haplotype block and 

externalizing disorders [17, 19, 21]. Interestingly, one study showed that alcoholics with 

high trait anxiety had a higher abundance of the major haplotype, while alcoholics with low 

trait anxiety had a higher abundance of the minor haplotype [69], suggesting that minor vs. 

major haplotypes of GABRA2 might confer risk for externalizing problems through different 

mechanisms [4]. More research is needed to understand this phenomenon, especially in 

adolescence.

Based on this literature, the major aim of the current study was to examine associations 

between GABRA2 and adolescent externalizing problems and to test whether impulsivity 

and/or sensation seeking mediated these relations. These associations were tested in a 

longitudinal high-risk sample, in which approximately half of the adolescents had parents 

with substance use disorders. Impulsivity, sensation seeking, baseline conduct problems, 

alcohol problems, and hyperactive–inattentive symptoms were measured 18 months prior to 

the outcomes of conduct problems, alcohol problems, and hyperactive–inattentive 

symptoms. We first tested proposed mediational models without controlling for baseline 

externalizing problems to simply evaluate associations between the constructs. Next, we 

tested these models while controlling for baseline externalizing problems to establish the 

directionality of the relation between impulsivity/sensation seeking and externalizing 

problems and to test whether GABRA2 predicts change in these externalizing problems over 

18 months. Both these models were tested for several reasons. First, because stability in 

problem behaviors might be more genetically influenced [44] while change in symptoms 

over time might be more environmentally influenced [45], we wanted to ensure that we were 

not weakening genetic effects by predicting change in symptoms. Second, researchers have 

also emphasized the importance of evaluating genetic influences on changes in behavior 

over time, especially during the critical developmental period of adolescence [28].
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We hypothesized that GABRA2 would predict sensation seeking, but not impulsivity, based 

on results reported by Dick et al. [9]. We also expected that sensation seeking would predict 

alcohol problems and perhaps conduct problems but not hyperactive–inattentive symptoms, 

and that impulsivity would predict all three phenotypes. Thus, we expected that GABRA2 

would predict alcohol problems and perhaps conduct problems indirectly through sensation 

seeking and that GABRA2 would not directly predict hyper-active–inattentive symptoms nor 

indirectly predict hyperactive–inattentive symptoms through impulsivity or sensation 

seeking.

In testing these questions, it is important to acknowledge that a limitation of the candidate 

gene literature is the lack of replicability across studies [70]. This lack of replicability raises 

concerns that results from candidate gene studies are false positives, especially those found 

using small sample sizes such as in the current study (N = 292). We reduced the likelihood 

that our results were false-positive findings in several ways. First, we minimized the number 

of statistical tests performed by using only one SNP within one gene based on theoretically 

and biologically plausible reasoning. Second, this particular SNP and gene have shown 

associations with impulsive personality traits and externalizing problems in numerous other 

studies and in one meta-analysis [8–25]. In this way, our study serves as a replication of 

these prior studies. If our findings replicate those from previous studies, this will increase 

confidence that our results are not due to chance. Third, we included covariates to ensure 

that associations among GABRA2, disinhibition, and externalizing problems were not due to 

associations with other related (i.e., third) variables. Finally, we corrected for multiple 

testing to further reduce the likelihood of spurious findings.

Methods

Participants

Participants were drawn from the third generation of a longitudinal study of familial 

alcoholism (see Chassin et al. [26] for details). Data were drawn from the sixth wave 

(referred to as T1) and a follow-up assessment occurring 18 months after the sixth wave 

(referred to as T2). Adolescents and their parents participated at T1 and only adolescents 

participated at T2. We included participants who were between 11–17 years old at T1 and 

12–18 at T2, had complete genetic data, and were of non-Hispanic Caucasian or Hispanic 

ethnicity. These inclusion criteria were chosen to capture adolescence, retain as many 

participants as possible, and reduce heterogeneity in ethnicity. Some adolescents reported 

fewer lifetime alcohol problems at T2 than at T1 (N = 20), which is a common phenomenon 

in adolescent substance use research called recanting [47]. Because reasons for recanting are 

varied (e.g., problems with recall, social desirability), we excluded those cases, resulting in a 

final sample of N = 292. Compared to those excluded, those included were significantly 

younger at T2, had significantly higher ancestry scores (higher levels of Hispanic ancestry), 

fewer T1 lifetime alcohol problems, and fewer conduct problems (see Table 1). The lower 

alcohol and conduct problems of those included are likely due to the fact that they are 

younger than those excluded, which was purposeful.
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Recruitment and procedure

In the larger study, families with at least one alcoholic parent (from the first-generation) 

were recruited using court DUI records, health maintenance organization wellness 

questionnaires, and community telephone surveys. Telephone surveys were used to recruit 

families without parental alcoholism, who were matched to families with parental 

alcoholism on demographic characteristics. See Chassin et al. [46] for details. For the 

current analyses, at T1, participants (from the third-generation) and their parents (from the 

second-generation) were interviewed at home. Out-of-state participants were interviewed via 

telephone or mailed surveys. Buccal and saliva samples using Oragene kits were used to 

collect biological samples containing DNA. At T2, participants were interviewed via 

telephone or mailed questionnaires. Participants and parents provided written informed 

consent and/or assent at all assessments.

Measures

Demographics—Adolescents self-reported their gender, age, and ethnicity. See Table 1.

Genotyping and SNP selection—Extraction of DNA, standardization and plating were 

completed in the Department of Psychiatry at the Washington University School of 

Medicine and genotyping through the Washington University Genome Sequencing Center. 

1536 SNPs were designed for genotyping using the Illumina Golden Gate technology that 

draws on a previous collaboration illustrated in Hodgkinson et al. [48] with substitutions 

reflecting advances in the literature. Quality control analyses included examining cluster 

plots to rule out ambiguous genotype calls, checking for Mendelian inconsistencies, 

incorrect gender assignments and sample swaps, cryptic relatedness, flagging SNPs with low 

call rates (<95 %), and deviations from Hardy–Weinberg equilibrium (p < 10−6). We 

selected rs279858, one of the most widely studied GABRA2 SNPs, based on associations 

with adolescent externalizing problems [8, 9], adolescent sensation seeking [9], adolescent 

conduct problems [12], adult alcohol phenotypes [16, 17, 20, 23, 24, 28, 29], and adult drug 

phenotypes [15]. A recent meta-analysis also found that this SNP was associated with adult 

alcohol use disorders [25]. Numerous SNPs in high LD (r2 ≥ 0.80) with rs279858 in non-

Hispanic Caucasian and Hispanic populations (calculated using AMR and EUR 1000 

Genomes Phase 1 populations in HaploReg v2; [49]) have been associated with adolescent 

conduct disorder [10, 11], and adult substance use disorders [17, 19, 50]. Thus, rs279858 is a 

reasonable proxy for these GABRA2 SNPs in both ethnic groups in the current study. This 

SNP also tags the commonly studied yin–yang haplotypes. Our use of a single, well-studied 

SNP within GABRA2 that tags other risk variants in GABRA2 is similar to methods of 

several other studies [10–12, 50].

This SNP (rs279858) encodes a silent polymorphism in exon 5 and consists of alleles G 

(minor) and A (major). In our sample, the minor allele frequency was 37.8 % in non-

Hispanic Caucasians and 42.3 % in Hispanics. Similar to previous work, we combined non-

Hispanic Caucasian and Hispanic participants in analyses because both groups had the same 

minor allele and similar minor allele frequencies [13]. Ancestry informative markers 

controlled for population stratification (see below). Based on a previous study using a 

similar sample in terms of age, ethnicity, and high risk for substance use disorders, we coded 
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the SNP such that those with the AA and AG genotypes were coded 0 and the GG genotype 

coded 1 [10]. Genotype did not differ by ancestry (see Table 2).

Adolescent ancestry—Thirty-seven SNPs in the dataset are ancestry informative 

markers that distinguished between non-Hispanic Caucasian and Hispanic ancestry in 

previous studies [51]. A principal components analysis using these SNPs indicated that the 

first component explained 18.99 % of the variance (eigenvalue = 7.03), the second explained 

3.36 % (eigen-value = 1.24), and the third explained 3.11 % (eigen-value = 1.02). We used 

the 32 SNPs with loadings greater than 0.30 on the first principal component as indicators of 

a one-factor model using maximum likelihood estimation. The model fits the data well: χ2 

(464) = 824.99, p < 0.001, RMSEA = 0.03, CFI = 0.94, SRMR = 0.03. Factor scores were 

saved and used as a covariate and were highly correlated with self-reported ethnicity (r = 

0.86, p < 0.001), confirming that these markers differentiate between non-Hispanic 

Caucasian and Hispanic ancestry in our data. Higher factor scores indicate higher levels of 

Hispanic ancestry. See Table 1 for descriptive statistics.

Family history density of substance use disorders (FHD)—At T1, adolescents’ 

FHD of alcohol and drug use disorder were calculated separately using methods of Zucker et 

al. [52] and Stoltenberg et al. [53]. The Computerized Diagnostic Interview Schedule [54] 

and family member report on the Family History-Research Diagnostic Criteria [55] 

determined lifetime alcohol and drug disorder (either DSM-III-R or DSM-IV) of 

adolescents’ grandparents and parents. To minimize missingness, data were required from 1 

parent and 2 grandparents. Grandparents’ lifetime alcohol or drug disorder was weighted by 

0.25, parents’ by 0.5, and relatives without substance disorder by 0. Summed scores were 

rescaled from 0 to 2 and averaged to form an FHD composite, which was a covariate (see 

Table 1).

Item overlap—Because impulsivity is a core symptom of hyperactive–inattentive 

symptoms, their items might overlap. Impulsivity and sensation seeking both tap the higher-

order construct of ‘disinhibition’ and so their items might overlap as well. One item 

overlapped between the impulsivity and sensation seeking scales (“do things on the spur of 

the moment”), and between the impulsivity and hyperactive–inattentive symptoms scales 

(“do and say things without stopping to think”) and were removed.

Adolescent impulsivity and sensation seeking—At T1, mothers, fathers and 

adolescents reported (1 = strongly disagree, 5 = strongly agree) on adolescents’ impulsivity 

using the 23-item Junior Eysenck Impulsiveness Questionnaire [56]. Items included, “I often 

buy things on impulse,” and “I often get involved in things I later wish I could get out of.” 

At T1, mothers, fathers, and adolescents reported (1 = strongly disagree, 5 = strongly agree) 

on adolescents’ sensation seeking using six items adapted from Zuckerman's Sensation 

Seeking Scale [57]. Items included, “I like wild parties,” and “I like to have new and 

exciting experiences, even if they are a little unconventional.” For adolescent-, mother- and 

father-reported impulsivity, α's = 0.86, 0.91, and 0.91. For adolescent-, mother- and father-

reported sensation seeking, α's = 0.63, 0.76, and 0.61. See Table 1 for descriptive data. To 

reduce the data, a two-factor model of impulsivity and sensation seeking was estimated 
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using maximum likelihood estimation with robust standard errors (MLR) and full 

information maximum likelihood (FIML) to estimate missing data. Mother-, father-, and 

adolescent-reported impulsivity loaded on an impulsivity factor and mother-, father-, and 

adolescent-reported sensation seeking on a sensation seeking factor. Within-reporter error 

covariances were estimated (e.g., error covariance between mother-reported impulsivity and 

sensation seeking, and so on). This model fit the data well: χ2(5) = 2.12, p 0.83; RMSEA = 

0.00; CFI = 1.00; SRMR 0.01. Standardized factor loadings were significant (p < =0.001) 

and ranged from 0.52 to 0.71 for impulsivity and from 0.30 to 0.68 for sensation seeking. 

Within-reporter error covariances were significant (p < 0.001) and ranged from 0.43 to 0.55. 

The factors were correlated (r = 0.55, p < 0.001).

Adolescent hyperactive–inattentive symptoms and conduct problems—At T1 

and T2, adolescents reported (0 = not true, 1 = somewhat true, 2 = very true or often true) on 

their hyperactive–inattentive symptoms and conduct problems using the DSM-oriented 

attention deficit/hyperactivity disorder and conduct problems scales of the youth self report 

[58]. For T1 hyperactive–inattentive symptoms and conduct problems, α's = 0.83 and 0.83. 

For T2 hyperactive–inattentive symptoms and conduct problems, α's = 0.80 and 0.77. Note 

that these measures did not include substance use items. Adolescent reports of T1 

symptomatology were predictors of corresponding T2 outcomes for the prospective 

prediction. Adolescents’ reports were used because they were the only informants who 

reported on symptoms at two waves, allowing us to test change in symptoms. See Table 1 

for descriptive statistics.

Adolescent lifetime alcohol problems—At T1 and T2, adolescents self-reported (0 = 

no; 1 = yes) the lifetime occurrence of alcohol consequences and dependence symptoms. We 

examined adolescent alcohol problems because research shows that genetic influences are 

stronger, and environmental influences weaker, on adolescents’ problematic alcohol use 

than on alcohol initiation [59]. Adolescents’ reports were used because parents are less 

accurate reporters of adolescent alcohol use [60] and because adolescents were the only 

informants who reported on symptoms at two waves. Eighteen consequences as a result of 

alcohol use (e.g., “did you miss school or work,” “did you have problems with family or 

friends”) and 21 alcohol dependence symptoms (e.g., “spent so much time arranging to get 

alcohol or having them on your mind so much that you had little time for anything else”) 

were summed at each wave to create separate T1 and T2 lifetime alcohol problem variables. 

T1 alcohol problems was a covariate predicting T2 alcohol problems for the prospective 

prediction. See Table 1 for descriptives.

Data analysis

Analyses used MPlus v.7.2 [61]. Because adolescents’ T2 alcohol problems was a count 

outcome, we compared preliminary models with different distributional assumptions 

including zero-inflated poisson and zero-inflated negative binomial. Comparison of relative 

fit indices (AIC, BIC, and −2 log likelihood) supported modeling T2 alcohol problems using 

zero-inflated poisson (monte-carlo integration) and, therefore, global fit indices were 

unavailable. Structural equation modeling tested hypothesized relations using MLR and 

FIML to estimate missing data on endogenous variables. We estimated paths from GABRA2 
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and covariates (ancestry, gender, age, and FHD) to mediators (impulsivity and sensation 

seeking factors) and T2 outcomes (hyperactive–inattentive symptoms, conduct problems, 

and alcohol problems). Paths were estimated from mediators to outcomes. Models were 

estimated with and without controlling for T1 symptoms. 95 % asymmetric confidence 

limits tested mediation [62]. The type = complex function was used to adjust SEs because 

participants were nested in families. To correct for multiple testing, we calculated false 

discovery rate-corrected p values (q values) using the QVALUE software [71]. Analyses 

suggested that our sample was adequately powered (0.80) to detect small effect sizes (f2 

0.027), which are typical in candidate gene research.

Results

Zero-order correlations

The AA/AG genotypes were marginally or significantly correlated with higher T1 

adolescent- and mother-reported sensation seeking and mother-reported impulsivity. 

GABRA2 did not correlate with ancestry or other variables. FHD was correlated with all but 

four disinhibition and/or externalizing variables. Higher impulsivity and sensation seeking 

were generally correlated with greater externalizing outcomes. Few patterns emerged 

regarding specificity of relations between disinhibition and externalizing, except father-

reported sensation seeking was only significantly correlated with T1 conduct problems and 

T2 alcohol problems.

Structural equation modeling

See Table 3 for results (including the q value threshold for each effect) and Fig. 1 for the 

path model. Results are considered significant if their q values ≤0.05.

Impulsivity and sensation seeking—Those with the AA/AG genotypes had higher 

sensation seeking and higher impulsivity than those with the GG genotype. Higher FHD 

significantly predicted higher impulsivity and sensation seeking. Male gender significantly 

predicted higher impulsivity. No other covariates had main effects on impulsivity or 

sensation seeking. Results are identical in models that did and did not control for T1 

problems.

Alcohol problems—In the model not controlling for T1 alcohol problems, those with the 

GG genotype had greater T2 alcohol problems. Non-Hispanic Caucasian ancestry 

(marginal), older age, and female gender predicted higher T2 alcohol problems. No other 

covariates predicted T2 alcohol problems. Higher sensation seeking and higher impulsivity 

predicted greater T2 alcohol problems. All results were identical in the model that controlled 

for T1 alcohol problems (which was also a significant predictor) except that non-Hispanic 

Caucasian ancestry significantly and female gender marginally significantly predicted T2 

alcohol problems.

Conduct problems—In the model not controlling for T1 conduct problems, older age 

predicted higher T2 conduct problems. No other covariates or GABRA2 predicted T2 

conduct problems. Higher impulsivity, but not sensation seeking, predicted higher T2 
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conduct problems. Results were identical when controlling T1 conduct problems (which was 

also a significant predictor) except age no longer predicted conduct problems.

Hyperactive–inattentive symptoms—In the model not controlling for T1 hyperactive–

inattentive symptoms, non-Hispanic Caucasian ancestry and female gender significantly 

predicted higher T2 hyperactive–inattentive symptoms. No other covariates or GABRA2 

predicted T2 hyperactive–inattentive symptoms. Higher impulsivity, but not sensation 

seeking, uniquely predicted higher T2 hyperactive–inattentive symptoms. Results were 

identical when controlling T1 symptoms (which was also a significant predictor).

Mediation—Sensation seeking mediated the relation between GABRA2 genotype and 

alcohol problems both with and without controlling for T1 alcohol problems (CI95 −1.30, 

−0.04; CI95 −1.26, −0.07). Impulsivity mediated the relations between GABRA2 and alcohol 

problems both with and without controlling for T1 alcohol problems (CI95 −0.90, 0.003; 

CI95 −0.99, −0.07), conduct problems both with and without controlling for T1 conduct 

problems (CI95 −0.62, −0.04; CI95 −1.07, −0.14), and hyperactive–inattentive symptoms 

both with and without controlling T1 hyperactive–inattentive symptoms (CI95 −0.11, −0.01; 

CI95 −0.17, −0.03).

Discussion

We sought to examine whether impulsivity and/or sensation seeking mediated the relations 

between GABRA2 genotype and adolescent alcohol problems, conduct problems, and 

hyperactive–inattentive symptoms. To accomplish this goal, we used a multiple reporter 

methodology and a high-risk sample in which these relations might be more clearly 

illuminated due to greater variability in study constructs.

We found that those with the AA or AG genotypes of the GABRA2 SNP rs279858 had 

higher impulsivity and sensation seeking compared to those with the GG geno-type, even 

after correcting for multiple testing. This finding partially replicates results from a previous 

study that found that GABRA2 predicted adolescent sensation seeking [9], providing some 

confidence in this finding. However, our results differ from this study because they did not 

find a relation between GABRA2 and adolescent impulsivity. This difference might be due to 

the fact that we utilized multiple informants’ reports on the Eysenck Impulsiveness 

Questionnaire to characterize our measure of impulsivity while they utilized adolescent self-

reports on the Barratt Impulsivity scale. Genetic association tests will likely be more reliable 

when using multiple reporters, rather than only self-reports, of adolescents’ disinhibition due 

to reductions in informant bias that subsequently serve to better capture the trait of interest. 

Interestingly, previous studies [23, 24] found a relation between GABRA2 and adults’ NEO-

Impulsiveness, which reflects impulsivity under negative affectivity. Nonetheless, because 

few studies have shown an association between GABRA2 variation and impulsive behavior 

characterized specifically by a lack of planfulness and cognitive control, this association 

should be considered as preliminary until replicated in other studies.

However, our results and those of previous studies collectively suggest that GABRA2 is 

implicated in several distinct facets of disinhibition. Taken together, perhaps GABRA2 
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variation predisposes adolescents to broad disinhibition, rather than to one specific facet. In 

addition, previous research suggests that common genetic influences underlie the association 

between impulsivity and sensation seeking [63]. Based on our results and those of previous 

studies, it is possible that this GABRA2 polymorphism or other polymorphisms in high LD 

might contribute to this common genetic basis.

We found that impulsivity uniquely predicted levels of hyperactive–inattentive symptoms, 

conduct problems and alcohol problems, as well as change in these symptoms over 18 

months. On the other hand, we found that sensation seeking uniquely predicted only alcohol 

problems and change in these symptoms over 18 months. All of these effects survived 

correction for multiple testing. These findings are consistent with previous studies [34–40]. 

Results confirm the notion that impulsivity confers broad risk for multiple externalizing 

problems, possibly because general deficits in impulse control and inhibition result in the 

expression of a wide array of problematic behaviors [40]. Results also confirm the relative 

specificity of sensation seeking in predicting alcohol problems. This unique relation may be 

due to the fact that individuals with high sensation seeking have an increased drive for 

reward and stimulation, which they attempt to satisfy by using/misusing alcohol [40, 41]. It 

is this alcohol misuse that likely leads to the development of alcohol problems. Finally, 

although some studies found evidence for a unique, albeit weak, effect of sensation seeking 

on conduct problems [35, 36, 38, 39], the lack of such an association in our study might 

reflect the fact that impulsivity is simply a more salient pathway to conduct problems than 

sensation seeking. It is impressive that impulsivity and sensation seeking predicted change 

in externalizing problems over 18 months given the high stability in externalizing problems 

across T1 and T2. This suggests that impulsivity and sensation seeking precede these 

problem behaviors, consistent with the vulnerability, or predisposition model of personality/

temperament [64]. This model posits that personality traits represent a predisposition to 

experience certain problem behaviors.

We found that disinhibition mediated the relation between GABRA2 genotype and 

adolescent alcohol problems. More specifically, we found that the AA/AG geno-types 

conferred greater risk for adolescent sensation seeking and impulsivity, which both in turn 

predicted adolescent-reported alcohol problems as well as change in these symptoms over an 

18-month period. These results are similar to another study using an adult sample which 

found that NEO impulsiveness mediated the relation between GABRA2 and alcohol 

problems [24]. Taken together, it is possible that disinhibitory personality traits mediate the 

relation between GABRA2 and alcohol problems. However, based on the previous literature 

and current findings, it remains unclear exactly which aspect(s) of disinhibition mediate this 

relation.

Similarly, the AA/AG genotypes also predicted adolescent-reported conduct problems and 

hyperactive–inattentive symptoms (as well as their change over 18 months) indirectly 

through adolescent impulsivity. Our finding partially replicates previous research which 

found a link between GABRA2 and conduct problems [10–12]. However, our results differ 

from these studies because we only found an indirect, not a direct, link between GABRA2 

and conduct problems. Unfortunately, few studies to our knowledge have examined the 

mechanisms in the relation between GABRA2 and conduct problems and hyperactive–
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inattentive symptoms, or the direct effect of GABRA2 on hyperactive–inattentive symptoms. 

Thus, these findings must be considered as preliminary until they can be replicated by future 

studies.

In addition to indirect effects, GABRA2 genotype also had a direct effect on adolescent 

alcohol problems that survived correction for multiple testing. Interestingly, this effect was 

such that those with the GG genotype had higher alcohol problems, which is opposite from 

the indirect effects showing that the AA/AG genotypes predicted externalizing problems 

through disinhibition. These effects held in models that did and did not control for T1 

alcohol problems, suggesting that the switch in risk allele is not due to prediction of change 

in alcohol problems over 18 months. It is impressive that this GABRA2 SNP predicted 

change in alcohol problems over 18 months, especially given the high correlation between 

T1 and T2 alcohol problems. As stated earlier, the risk allele for rs279858 (as well as for 

other SNPs in the same haplotype block) has been inconsistent in the literature. Some 

studies found that the major (A) allele was associated with increased risk for externalizing 

phenotypes [15, 20, 28], while other studies including a meta-analysis found that the minor 

(G) allele was associated with increased risk for externalizing phenotypes [12, 16, 23, 25, 

29].

Our results suggest that one possibility for the mixed findings is that GABRA2 may have 

more than one pathway to externalizing outcomes, which has been previously proposed and 

empirically observed by other researchers using adult samples [4, 69]. Using our results as 

an example, one pathway might be through the influence of the A/major alleles on 

disinhibition. Although less clear, multiple mechanism(s) might be involved in other 

pathways of risk. For instance, one study found that presence of the G allele of rs279858 

predicted adolescent substance use through rule-breaking behaviors [12]. Interestingly, 

numerous studies reported associations between GABRA2 variation (including rs279858) 

and increased positive subjective alcohol effects [65–67], possibly because GABAA 

receptors undergo allosteric modulation by ethanol, benzodiazepines and barbituates [4]. 

Thus, perhaps the GG genotype increases risk for adolescent alcohol problems through its 

effect on positive subjective responses to alcohol in our sample. This is in line with our 

findings because we only found a direct effect of the GG genotype on adolescent alcohol 

problems. Note, however, that the GABRA2 risk alleles were inconsistent in the prior studies 

on positive subjective response as well. Therefore, these are merely possibilities and other 

mechanisms might be responsible, which might be the topic of future research. The present 

results are consistent with previous theories proposing that GABRA2 confers risk for a 

spectrum of externalizing problems [27], and indicate that this risk might operate through 

more than one mechanism.

Moreover, it is important to note that if different alleles of GABRA2 do predict externalizing 

phenotypes through different mechanisms, the fact that many of these mechanisms might 

also be correlated could confound the direction of association. For example, if opposing risk 

alleles within GABRA2 actually predict different, but correlated, intermediate phenotypes, 

then the effect of GABRA2 on one of the intermediate phenotypes might be masked or 

reversed if the other phenotype is not included in the model. To further understand the role 

of GABRA2 on externalizing problems, it will be important to elucidate these possible 
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intermediate phenotypes and test them simultaneously and/or use these intermediate 

phenotypes as covariates. Based on this reasoning, it should be emphasized that the current 

results are not necessarily informative as to which phenotypes are related to major vs. minor 

alleles within GABRA2 SNPs. There may be other intermediate phenotypes not tested in the 

current study that act as confounding variables. Thus, although our results provide very 

preliminary insights into the mediating mechanisms in the relation between GABRA2 and 

externalizing phenotypes, they also point to the importance of examining other possible 

mediators as alternatives. Our results inform directions for future research and provide 

additional evidence that GABRA2 risk alleles might differently predict externalizing 

problems across studies because multiple mechanisms of risk exist [4, 69].

Interestingly, GABRA2 did not have direct effects on hyperactive–inattentive symptoms or 

conduct problems in the final model, nor did GABRA2 have significant zero-order 

correlations with alcohol problems, hyperactive–inattentive symptoms, or conduct problems. 

On the other hand, GABRA2 variation directly predicted the latent factors of impulsivity and 

sensation seeking in the final model and demonstrated several zero-order correlations with 

manifest impulsivity and sensation seeking variables. Because GABRA2 variation was more 

consistently associated with disinhibition than with externalizing symptoms, this suggests 

that it is more strongly related to the personality-related underpinnings of externalizing 

problems than with the symptoms themselves (which are likely more heterogeneous). This is 

in line with a recent meta-analysis that showed larger genetic effects on trait compared to 

diagnostic phenotypes [31]. Results demonstrate the utility of including phenotypes that 

might be more proximal to genetic influences to elucidate the influence of genes on clinical 

outcomes [72]. It is possible that non-replications in the literature might be due to the failure 

to consider possible intermediate phenotypes. Of note, in the final model females had greater 

adolescent hyperactive–inattentive symptoms. This stands in contrast to the majority of 

studies showing that males have greater hyperactive–inattentive symptoms than females 

[68]. However, female gender predicts the unique variance in hyperactive–inattentive 

symptoms after partialling out impulsivity and sensation seeking, possibly explaining the 

unusual direction of risk. In post hoc analyses that removed impulsivity and sensation 

seeking (but not other predictors) from the model, gender no longer significantly predicted 

hyperactive–inattentive symptoms (β = −0.08, ns).

The current study had several methodological strengths. Our use of multiple informants in 

the factor model of impulsivity and sensation seeking increased confidence in the findings 

because associations were likely not due to informant bias. We utilized longitudinal data to 

prospectively predict change in externalizing outcomes over 18 months. This allowed us to 

establish the directionality of the effect from disinhibition to externalizing outcomes and 

assess the role of the SNP on behavior change. We also tested these models without 

controlling for T1 externalizing symptoms to ensure that genetic effects were not weakened 

by predicting change in externalizing problems, especially because T1 and T2 externalizing 

problems were moderately stable. Our use of a high-risk sample likely more clearly 

illuminated the pathways of interest due to greater variability in study constructs. In 

addition, to reduce the possibility of false-positive findings, we tested only theoretically 

driven associations, examined only one SNP based on biological and theoretical reasoning, 
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included covariates, and corrected for multiple testing. Furthermore, this particular SNP has 

been widely studied and many of our results replicated prior findings.

There were also limitations. We examined single-gene associations, which have small effect 

sizes. Although the current study had the power to detect small effect sizes, we acknowledge 

that our sample was relatively small, which increases the chance that significant effects were 

false-positive findings. Complex phenotypes such as disinhibition and externalizing 

problems are polygenic. There are many other variants within the GABRA2 gene and across 

the genome that were not examined in the current study but will likely be important to 

consider in the future. Although several of our results replicated findings from previous 

studies, the current study did not have a replication sample. Therefore, this study awaits 

replication with a larger sample, generalization to different ethnic groups, and should be 

considered preliminary until replicated in an independent sample.

In summary, the current study replicated previous research which found that GABRA2 

variation predicted sensation seeking [9] and alcohol problems [15–25], and that 

disinhibitory personality traits mediated the association between GABRA2 variation and 

alcohol problems [24]. Findings novel to the current study include the prediction of 

impulsivity and the mediating role of impulsivity in the relation between GABRA2 and 

hyperactive–inattentive symptoms and conduct problems. These findings should be viewed 

with caution until replicated in future studies. Importantly, our results suggest directions for 

future research. First, because genes predict change in behavior over time [28], future 

research might attempt to unpack these developmental processes. Second, it is possible that 

different risk alleles within GABRA2 might be involved in different pathways of risk for 

externalizing outcomes [4, 69]. If this is true, it might help explain the conflicting directions 

of associations found in the literature among GABRA2 and externalizing problems. It would 

also suggest the importance of investigating intermediate phenotypes to better understand 

the role of GABRA2 on externalizing problems. Finally, our results illustrate the value of 

examining intermediate phenotypes as mediators in the relation between genes and clinical 

outcomes because these relations cannot be assumed to be direct [72]. In these ways, 

findings from the current study help to clarify and extend the literature.
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Fig. 1. 
Final prospective path model. The model controlling for T1 symptoms is shown for 

simplicity. Correlations between exogenous variables, a correlation between impulsivity and 

sensation seeking, and correlations between outcome residual variables are not shown for 

ease of presentation. Solid black lines refer to statistically significant paths (q ≤ 0.05), 

dashed black lines refer to marginally significant paths (q 0.10), and grayed dashed lines 

refer to nonsignificant paths (q >≤ 0.10). FHD family history density of substance use 

disorders, T1 time 1, T2 time 2, HI hyperactive–inattentive symptoms, CP conduct 

problems, ALC alcohol problems. N = 292
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Table 1

Descriptive statistics, t tests, and Chi-square analyses comparing included vs. excluded participants

Variables Included M (SD) Excluded M (SD) t

Ancestry marker factor score 0.06 (0.91) –0.10 (0.92)
–2.11

*

T1 age
a 12.66 (1.72) 12.88 (5.47) 0.7

T2 age
b 13.97 (1.81) 14.43 (3.39)

2.03
*

Family history density of substance use disorder 0.44 (0.41) 0.44 (0.41) –0.11

Impulsivity (adolescent) 2.88 (0.62) 2.98 (0.64) 1.84

Sensation seeking (adolescent) 3.15 (0.73) 3.20 (0.79) 0.77

Impulsivity (mother) 2.64 (0.73) 2.69 (0.74) 0.89

Sensation seeking (mother) 2.99 (0.74) 3.00 (0.77) 0.14

Impulsivity (father) 2.67 (0.71) 2.76 (0.64) 1.49

Sensation seeking (father) 3.03 (0.63) 3.07 (0.63) 0.79

T1 alcohol problems (adolescent) 0.05 (0.42) 0.33 (1.18)
3.99

*

T1 hyperactivity-impulsivity (adolescent) 3.26 (2.91) 3.10 (2.68) –0.73

T1 conduct problems (adolescent) 1.98 (2.71) 2.33 (3.02) 1.49

T2 alcohol problems (adolescent) 0.18 (0.68) 0.28 (1.38) 1.12

T2 hyperactivity-impulsivity (adolescent) 2.76 (2.59) 2.63 (2.48) –0.64

T2 conduct problems (adolescent) 1.86 (2.61) 1.70 (2.81) –0.66

% % χ 2

Biological parent alcohol disorder
c 44.3 % biological parent alcohol disorder 42.6 % biological parent alcohol disorder –

Biological parent drug disorder
d 40.5 % biological parent drug disorder 34.7 % biological parent drug disorder –

Ethnicity 71.1 % non-Hispanic Caucasian 47 % non-Hispanic Caucasian –

28.9 % Hispanic 30.9 % Hispanic

22.1 % Other

GABRA2 79.7 % AA/AG 81.8 % AA/AG 0.37

20.3 % GG 18.2 % GG

Gender 48.1 % female 45.9 % female 0.3

N = 292

Parentheses designate the reporter

T tests and χ2 analyses were not performed for non-study variables (e.g., self-reported ethnicity, biological parent alcohol and drug use disorder)

*
p ≤ 0.05

a
Time 1

b
Time 2

c
At least one biological parent was diagnosed with alcohol use disorder according to DSM-IV criteria

d
At least one biological parent was diagnosed with drug use disorder according to DSM-IV criteria
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Table 3

Standardized path coefficients and standard errors for final path models

Predictors Mediators Outcomes

T1 impulsivity β (SE) T1 sensation 
seeking β (SE)

T2 alcohol 
problems β (SE)

T2 conduct 
problems β (SE)

T2 hyperactive–
inattentive 
symptoms β (SE)

Results without controlling for T1 symptoms

        GABRA2
–0.15 (0.05)

*
–0.21 (0.08)

*
0.35 (0.10)

** 0.10 (0.06) 0.03 (0.07)

    Ancestry 0.08 (0.08) 0.06 (0.09)
–0.15 (0.08)

† –0.08 (0.06)
–0.16 (0.07)

*

    Gender
0.18 (0.07)

* 0.12 (0.07)
–0.31 (0.13)

* –0.02 (0.06)
–0.21 (0.06)

**

    FHD
0.28 (0.06)

**
0.25 (0.08)

* –0.06 (0.10) 0.03 (0.06) 0.06 (0.06)

    T1 age 0.03 (0.07) 0.02 (0.08)
0.38 (0.11)

*
0.17 (0.06)

* 0.09 (0.06)

    Impulsivity – –
0.55 (0.19)

*
0.57 (0.11)

**
0.59 (0.10)

**

    Sensation seeking – –
0.49 (0.19)

* 0.01 (0.16) –0.07 (0.13)

Results while controlling for T1 symptoms

        GABRA2
–0.15 (0.05)

*
–0.21 (0.08)

*
0.40 (0.09)

** 0.06 (0.06) 0.02 (0.07)

    Ancestry 0.09 (0.08) 0.06 (0.09)
–0.17 (0.09)

* –0.08 (0.06)
–0.16 (0.06)

*

    Gender
0.17 (0.07)

* 0.10 (0.07)
–0.23 (0.14)

† –0.04 (0.06)
–0.14 (0.05)

*

    FHD
0.28 (0.06)

**
0.24 (0.08)

* –0.02 (0.10) 0.01 (0.06) 0.08 (0.06)

    T1 age 0.01 (0.07) –0.003 (0.08)
0.37 (0.11)

* 0.08 (0.05) 0.04 (0.05)

    T1 symptoms
a – –

0.11 (0.04)
*

0.46 (0.06)
**

0.41 (0.06)
**

    Impulsivity – –
0.50 (0.24)

*
0.31 (0.11)

*
0.36 (0.10)

**

    Sensation seeking – –
0.53 (0.23)

* 0.04 (0.14) –0.05 (0.11)

False discovery rate-corrected p value (i.e., q value) thresholds are reported

T1 Time 1, T2 Time 2

*
q ≤ 0.05

**
q ≤ 0.001

†
q ≤ 0.10, N = 292

a
Corresponding T1 symptoms (e.g., T1 ALC predicting T2 ALC)
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