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Abstract

This project examines associations between childhood sexual abuse (CSA) and two dimensions of
impulsivity (sensation seeking and premeditation), and tests whether CSA-personality associations
are moderated by the DRD4 exon 111 VNTR polymorphism. Sample 1 is from a longitudinal study
of university students measured at 10 waves over ages 18-24 years (n = 500). Sample 2 is from a
national sample of young adult sibling pairs, ages 18-24, from the National Longitudinal Study of
Adolescent Health (n = 2,559). In both samples, CSA was associated with elevated sensation
seeking. In Sample 1, the association between CSA and sensation seeking was moderated by
DRD4 genotype; this gene x environment interaction effect, however, was not replicated in
Sample 2. Results suggest new avenues for research on CSA in the area of normal-range
personality variation.
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1. Introduction

Childhood sexual abuse (CSA) figures prominently in theoretical models of personality
disorders, particularly borderline personality disorder. In addition, history of CSA is
associated with elevated risk for mood and anxiety disorders, substance use disorders, eating
disorders, suicide, self-injury, and poorer physical health (for a comprehensive review, see
Maniglio, 2009). These associations are evident both when using self-reports of CSA and
when using social service agency records. Notably, an effect of self-reported CSA is evident
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even when using a discordant twin design to control for the confounding effects of other
family background factors and passive gene-environment correlation (Kendler et al., 2000;
Nelson et al., 2002). Overall, CSA is robustly associated with a panoply of clinical
disorders.

Few studies, however, have examined the association between CSA and normative
personality variation. In the current paper, we examine the associations between self-
reported history of CSA and impulsive personality traits. Impulsivity is a core feature of
personality disorder pathology; for example, one of the DSM-5 symptoms for borderline
personality disorder is “impulsivity in at least two areas that are potentially self-damaging”
(American Psychiatric Association, 2013). Impulsive personality traits are also strongly
associated with substance use disorders and can be conceptualized as part of the
externalizing spectrum (Krueger, Markon, Patrick, Benning, & Kramer, 2007). Given their
associations with an array of clinical pathologies, variation in impulsive personality traits
may be a “missing link” that connects specific etiological factors, such as CSA, with a
spectrum of clinical diagnoses. Consistent with this hypothesis, Wonderlich and colleagues
(2001) found that impulsivity statistically mediated the association between CSA and
symptoms of eating disorders. More generally, several theorists have encouraged a synthesis
of research on “normal-range” individual differences in personality, on the one hand, and
“abnormal” personality and affective disorders (Krueger & Tackett, 2003; Krueger et al.,
2007). Examining how CSA - a frequently investigated risk factor for psychopathology —
relates to impulsive personality traits in a non-clinical sample is consistent with this broader
goal.

1.1. Differentiating Facets of Impulsivity

Although often referred to as unitary, impulsivity (the tendency toward rash action) is a
heterogeneous construct. In this paper we focus on sensation seeking, defined as the
preference for novel, exciting, or physically stimulating events and experiences, and
premeditation, defined as the tendency to think carefully and plan before initiating actions
(Whiteside & Lynam, 2001). These facets of impulsivity are differentially related to Big
Five personality traits, with sensation seeking most strongly associated with extraversion,
whereas premeditation is most strongly associated with conscientiousness (Whiteside &
Lynam, 2001). Moreover, facets of impulsivity differentially predict alcohol and substance
use, as well as other health risk behaviors and clinical disorders (Deckman & DeWall, 2011;
Quinn & Harden, 2013; Whiteside & Lynam, 2003).

Both cross-sectional and longitudinal studies have found evidence that sensation seeking and
“impulse control” (mapping most closely to the construct of premeditation) have distinct
developmental trends in adolescence and young adulthood: Premeditation increases
monotonically through the early lifespan, whereas sensation seeking initially increases in
adolescence and then decreases through early adulthood (Steinberg et al., 2008; Harden &
Tucker-Drob, 2011). Behavioral genetic research using adult twins has found that genetic
influences on sensation seeking are distinct from genetic influences on lack of
premeditation, particularly among females (Ellingson, Verges, Littlefield, Martin, & Slutske,
2013). Finally, one previous study found evidence for facet-specific associations with abuse
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history. Specifically, using a sample of African American adolescents, Bornovalova, Gwadz,
Kahler, Aklin, and Lejeuz (2008) found that self-reported childhood abuse history was
related to higher sensation seeking but not to “impulsivity” (measured by the Eysenck
Impulsiveness Scale, which maps most closely to lack of premeditation in the UPPS model,
Whiteside & Lynam, 2001). Together, the factor analytic, behavior genetic, developmental,
and clinical literatures suggest that it is important to differentiate facets of impulsive
personality, as they may have unique etiologies and correlates.

1.2. Moderation by DRD4 Genotype

Dopamine is a neurotransmitter that is crucial for brain systems involved in reward,
motivation, and exploration (Bromberg-Martin, Mastumoto, & Hikosaka, 2010; DeYoung,
2013; Depue & Collins, 1999). Differences in dopaminergic functioning have been linked to
both lack of premeditation and higher sensation seeking (DeYoung, 2013; Norbury,
Manohar, Rogers, & Husain, 2013). For instance, Zald et al. (2008) found that reduced
binding to the dopamine D2 autoreceptor — which resulted into greater dopaminergic release
in response to amphetamine was associated with both impulsive personality traits.
Consequently, in addition to examining the association between CSA and impulsive
personality traits, this paper also tests whether this relationship is moderated by DRD4
(dopamine D4 receptor gene) genotype.

Given dopamine’s role in reward and motivation, polymorphisms in dopamine-relevant
genes have been hypothesized to be specifically relevant to impulsive personality traits. The
most commonly studied polymorphism has been a 48-base-pair variable number tandem
repeat (VNTR) polymorphism in exon I11 of DRD4 (Van Tol et al., 1992). The number of
repeats in DRD4 VNTR range from 2-11, and the 7-repeat allele is commonly
operationalized as the “risky” or “vulnerable” allele because of its association with lower
dopamine reception efficiency (Asghari et al., 1995). Initial positive associations between
DRD4 genotype and sensation seeking and/or impulsivity were reported in the human
literature (e.g., Becker, Laucht, EI-Fladdagh, & Schmidt, 2005; Dreber and colleagues,
2008), and similar associations with dopamine-related genes have also been reported in the
animal literature (e.g., Dulawa, Grady, Low, Paulus, & Greyer, 1999; Hall & Waynne,
2012). In addition to candidate gene approaches that focus on the effects of a single
polymorphism, genomic profiling approaches that have leveraged the aggregate effect of
DA-relevant polymorphisms to predict facets of impulsivity have shown some success (e.g.,
Derringer et al., 2010; Davis & Loxton, 2013).

Studies documenting a main effect of dopamine-related candidate genes on impulsive
personality traits, however, have faced valid criticism (e.g., Powell & Zietsch, 2010; Duncan
& Keller, 2011). Most importantly, the promising results of individual studies are tempered
by meta-analytic results. Munafo, Binnaz, Willis-Owen & Flint (2008), for instance, did not
support an omnibus association between DRD4 and approach-related personality traits.
Similarly, null results were reported in a meta-analysis that examined the relation between
DRD4 and novelty seeking (Kluger, Siegfried, & Ebstein, 2002). Overall, these findings
reflect a more general trend of failures to replicate in the candidate gene literature. Thus the
heritability of impulsive personality traits detected in twin studies (e.g., Fulker, Eysenck, &
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Zuckerman, 1980; Harden & Tucker-Drob, 2011; Hur & Bouchard, 1997; Stoel, DeGeus, &
Boomsma, 2006) continues to be largely “missing” in the candidate gene literature (Manolio
et al., 2009, p. 747).

Beyond the particular relevance of dopamine for personality, prominent developmental
theorists have posited that polymorphisms in dopamine-related genes confer differential
susceptibility to environmental influence more generally (Belsky, Bakermans-Kraenburg &
van ljzendoorn 2007). According to differential susceptibility theory, individuals differ in
their plasticity to environmental inputs, such that those with greater plasticity will show
more positive outcomes in the context of relatively high quality environments and more
negative outcomes in the context of relatively poor quality environments. In contrast,
persons with low plasticity will be largely impervious to the influence of environmental
extremes. Consistent with this framework, low dopaminergic efficiency has been linked with
decreased reward and attentional mechanisms (Robbins & Everitt, 1999) and, depending on
environmental circumstances, low dopaminergic efficiency could be advantageous or
disadvantageous (Suomi, 1997). Tests of differential susceptibility theory using measured
genes have focused on a small set of dopamine-related genes, including DRD4, DRD2
(dopamine receptor D2 gene), and DAT1 (dopamine transporter gene). Findings in this
domain have been disseminated with a notably optimistic tone. For example, Bakermans-
Kranenburg and van ljzendoorn (2011), concluded “Our meta-analysis confirmed the role of
dopamine-related genes as moderators of the association between positive as well as
negative environmental factors and developmental outcome ... Differential susceptibility
based on dopamine-related genotypes appears to be a replicable finding” (p.48).

In contrast to these optimistic conclusions, results from genome-wide association studies
suggest that, on average, researchers’ ability to select candidate genes a priori is poor, and
most psychological studies are underpowered to detect biologically-plausible effect sizes
(Duncan & Keller, 2011). Moreover, in highly-multivariate datasets, researchers have many
degrees of freedom to pick measures of environmental context, genetic risk, and
developmental outcome in order to produce a statistically significant result (“p-hacking”,
Simmons, Nelson, & Simonsohn, 2011), a practice that capitalizes on chance and decreases
the replicability of results. Nevertheless, the impact of dopamine-related genes generally —
and DRD4 specifically — on impulsivity has been a topic of long-standing research interest;
studies of candidate GxE interactions continue to proliferate in the literature; and these
results are used as support for popularized theories of human development, such as
differential susceptibility theory. Consequently, there is a continuing need for studies that
test predictions about GXE (such as the claims about “differential susceptibility based on
dopamine-related genotypes™) using replication samples.

Putting these lines of research together, the current study addresses two research questions.
First, we examine the extent to which CSA is associated with facets of impulsivity in young
adulthood, specifically sensation seeking and premeditation. Second, we evaluate the extent
to which the association between CSA and impulsive personality traits is moderated by
DRD4 genotype. We address these questions using two independent samples of young
adults. Specifically, initial analyses were conducted in a longitudinal sample of students
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from a public university, and replication analyses were conducted using publically-available
data from a nationally representative sample of young adults.

2. Method

2.1. Participants

2.1.1. Sample 1—Data for Sample 1 were drawn from a multi-wave longitudinal study
(the “UT Experience!” study [UTE]), which focused on substance use and risky behavior in
a student cohort that matriculated to a large southwestern public university in 2004 (n =
2,245). Study participants were assessed beginning during the summer following their senior
year of high school and followed for six years post matriculation. All first-time students,
ages 17-19, were invited to participate (n = 6,319). From this pool, 76% of students (n =
4,832) expressed interest and also met the criterion of being unmarried. From this pool, n =
3,046 students were randomly assigned to complete surveys during high school, each
semester during their first three years of college, and in the fall of their fourth, fifth, and
sixth year after high school. Eligible participants gave informed consent and completed the
surveys using a secure Web server (n = 2,245). Further details on participant recruitment for
this portion of the study are given by Corbin, Vaughan, & Fromme (2008). Participants
completed 10 waves of data collection between 2004 and 2009. In 2012, a subsample of
participants, now ages 26-27, was re-contacted to collect additional survey data, as well as
salivary DNA. Data collection and genotyping are still in progress. This paper presents
initial data on n = 500 participants (65% female) who have been genotyped. The sample is
racially and ethnically diverse (62% White/Caucasian, 16.2% Asian, 14% Hispanic/
Latino(a), 6.5% Multi-Ethnic, 1.4% Black/African American). Personality inventories
related to impulsive traits were completed by participants at Waves 1 (M age = 18.40), 8 (M
age = 21.80), 9 (M age = 22.78), and 10 (M age = 23.78). Relative to the full sample at wave
1, the proportion of females and Whites in the genetic sample was slightly higher (32 = 4.9,
df =1, p<.05; y2 = 45.24, df = 1, p < .001) and the proportion of Blacks was slightly lower
(x2=7.6, df = 1, p < .01). No significant differences between the two samples emerged for
sensation seeking (t = 0.59, df = 478, p = .56), premeditation (t = -0.2, df =483, p =.84) or
age (t=0.56, df =497, p = .58).

2.2.2. Sample 2—Replication analyses were conducted using the National Longitudinal
Study of Adolescent Health (Add Health; Udry 2003a), a multi-wave longitudinal study
focused on adolescent health and risk behaviors. Add Health data was collected using a
multi-stage, stratified, school-based cluster design and includes four waves of data (for a full
description see Harris et al., 2009). The first wave of data was collected in 1995, when
participant age ranged from 12 to 20 years old, the second wave of data in 1996, the third in
2001/2002 and the fourth wave in 2007/2008. Add Health began by identifying all schools
in the United States that had at least 30 enrollees (h = 26,000). Schools were then stratified
by size and type, geographic region, racial composition and urbanicity. From these strata, a
random sample of schools, grades 7-12 or 9-12, were collected. A total of 134 schools
(79%) agreed to participate. Ninety-six percent of these schools (n = 129; student n =
90,118) agreed to have students complete an in-school survey during the 1994-1995
academic year. Among these schools, a randomly selected subsample (n = 20,745)
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completed a 90-minute In-Home interview (Wave 1 interview). The study continued with
follow up waves of in-home interviews as outlined above. The present study focuses on a
subset of sibling pairs for whom Add Health collected DNA (n = 2,559; 52% female). To
maximize consistency across samples, personality measures were assessed at Wave 3 when
mean participant age was 21.9 (SD = 1.7, range = 18-26).

2.2. Measures

2.2.1. Personality

Sample 1: During study Waves 1 and 8-10, all UTE participants completed the novelty
seeking subscale of the Tridimensional Personality Questionnaire (TPQ; Cloninger, 1987)
and the impulsive unsocialized sensation seeking subscale of the Zuckerman-Kuhlman
Personality Questionnaire I11-R (ZKPQ; Zuckerman, Kuhlman, Joireman, Teta, & Kraft,
1993). The TPQ novelty seeking subscale consists of 32 true-false items designed to index
an elevated excitatory response to novel stimuli (Cloninger, 1987). Examples items include
“It is difficult for me to keep the same interests for a long time because my attention often
shifts to something else,” and ““I hate to make decisions based on my first impressions.” The
ZKPQ impulsive unsocialized sensation seeking scale is a 19-item true-false inventory
including items indexing the desire to seek out physiologically arousing experiences, such as
“I like to have new and exciting experiences and sensations,” and items indexing a tendency
to act without thinking and failure to plan ahead, such as” | tend to begin a new job without
much advance planning on how | will do it,” and *“I usually think about what | am going to
do before doing it.”” Because the scales contained items that appeared to tap both
premeditation and sensation seeking, we conducted a series of exploratory and confirmatory
factor analyses of the personality items (described below).

Sample 2: Personality items were drawn from two sections of the AddHealth Wave 3
interview. Participants were presented with seven pairs of sentences and asked to indicate
which one described them better. Examples included “I like wild uninhibited parties vs. |
like quiet parties with good conversation.” Participants were also presented with a 9-item
scale assessing novelty-seeking and impulse control. Items included “I often try new things
just for fun or thrills, even if most people think they are a waste of time” and “When nothing
new is happening | usually start looking for something exciting.” Participants rated these
items on a 5-point scale, ranging from “not true” to “very true.” As with Sample 1, we also
analyzed a series of measurement models of Sample 2 personality items (described below).

2.2.2. Childhood sexual abuse

Sample 1: CSA was indexed by coding endorsement of any of the following questions, at
any point over Waves 8-10: “‘During your childhood, how many times did you experience
unwanted sexual contact by guardian, parent, or relative?”’; “Before the age of 18, how
many times did you experience unwanted sexual contact by adult more than 5 years older
than you?”’; “Prior to your Senior year in high school, how many times did you feel coerced
into having sex (through arguments, pressure, or physical force)?””; “Prior to your Senior
year in high school, how many times did you experience unwanted sexual advances or sex
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play (fondling, kissing, petting but not intercourse)?”” Twenty-eight percent of participants
reported some form of CSA (38% of females and 10% of males).

Sample 2: CSA was indexed by coding any positive endorsement from Waves 3 or 4 to the
following question: “How often had one of your parents or other adult care-givers touched
you in a sexual way, forced you to touch him or her in a sexual way, or forced you to have
sexual relations?”” Five percent of participants reported CSA (6% of females and 4% of
males).

2.2.3. Socioeconomic status—Socioeconomic status (SES) was indexed by taking the
mean of residential parents’ education. SES was mean-centered and entered as a covariate in
all analyses.

Sample 1: Parent education was coded on a 6-point scale ranging from “some education, but
did not complete high school or obtain GED” to “professional training beyond a 4-year
degree” (M = 4.36 [corresponding approximately to completing junior college or a trade
school degree], SD = 1.34).

Sample 2: Parent education was coded on a 9-point scale, ranging from “8 grade or less”
to “professional training beyond a 4-year degree” (M = 4.24 [corresponding approximately
to completing high school], SD = 2.31).

2.2.4. Genotyping—For both samples, DNA samples were collected and genotyped in
collaboration with the Dr. Andrew Smolen at the Institute for Behavior Genetics at the
University of Colorado at Boulder. For Sample 1, DNA was collected using Oragene
salivary self-collection kits. Participants returned their kits to our lab through the US mail
where they were subsequently stored in batches to be sent to Colorado for genotyping, using
the same procedures described in Smolen et al. (2013). For Sample 2, DNA was collected
using buccal cell swabs according to procedures described in http://www.cpc.unc.edu/
projects/addhealth/data/guides/biomark.pdf.

The present analyses focus on the DRD4 gene, which maps to 11p15.5. This gene contains a
48-base-pair variable number tandem repeat (VNTR) in exon Il (Van Tol et al., 1992). The
number of repeats ranges from 2-11. Genetic risk is commonly operationalized as being a
carrier of the 7-repeat allele due to its association with lower dopamine reception efficiency,
which is posited to be linked to decreased attentional and reward mechanisms (Robbins &
Everitt, 1999). For all analyses, genotype was coded as the number of 7R alleles (0, 1, or 2).
The two samples had similar proportions of individuals with each genotype (Sample 1: 67%
non-carrier, 28% 7R-heterozygous, 5% 7R-homozygous; Sample 2: 63%, 32.5%, & 4.5%,
respectively). Both samples were in Hardy-Weinberg Equilibrium (HWE) (Sample 1: %2 (2)
=3.69, p = .16; Sample 2: ¥2 (2) =.645, p = .72).

2.2.5. Controls—Biological sex was coded such that 0 = male and 1 = female. Race and

ethnicity were dummy-coded with Caucasians as the reference group. Because Add Health
participant ages ranged from 18-26 at Wave 3, it was necessary to control for age in
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analyses of Sample 2. In Sample 1, participants were highly age homogenous (within one
year) at each wave; therefore, age was not controlled for wave-specific Sample 1 models.

2.3. Analyses

3. Results

Analyses were conducted using the structural equation software program Mplus (Muthen &
Muthen, 2013). Full information maximum likelihood was used to account for missing data
(Schafer & Graham, 2002). Model fit was assessed with root-mean-square error of
approximation (RMSEA), comparative fit index (CFI), and Tucker-Lewis index (TLI).
Because the Add Health samples includes sibling pairs, non-independence was corrected
using the complex sampling option in Mplus.

2.3.1. Measurement models of personality—As described in the Introduction,
theoretical and empirical work has identified distinct facets of impulsivity, which show
divergent developmental trends and may be differentially related to dopamine-related genes
(DeYoung, 2013; Harden & Tucker-Drob, 2011; Stautz & Cooper, 2013; Steinberg et al.,
2008; Whiteside & Lynam, 2001). Consequently, we first conducted a series of exploratory
and confirmatory factor analyses of the personality items in both samples, with the aim of
mapping the personality items in the two samples to the sensation seeking versus
premeditation constructs.

2.3.2. Candidate gene models—Building off the measurement models of personality,
latent factors for sensation seeking and premeditation were regressed on markers of
environmental context (CSA and physical abuse), DRD4, and interactions between DRD4
and environmental context, as well as control variables.

3.1. Measurement Models of Personality

3.1.1. Sample 1—We first conducted exploratory factor analysis (EFA) of personality
items at each wave using geomin rotation in Mplus. Results were highly similar across all
waves, so we focus on Wave 10 results here (results from Waves 1, 8, and 9 available from
first author upon request). A scree plot of the eigenvalues indicated a three-factor solution.
The first two factors in a three-factor solution corresponded to the constructs of sensation
seeking and lack of premeditation, respectively. The third factor, however, was comprised
only of three items from the TPQ that referred to money (“I am better at saving money than
most people”; “I often spend money until | run out of cash or get into debt from using too
much credit;” and “Because | so often spend too much money on impulse, it is hard for me
to save money even for special plans like a vacation.”). Consequently, we dropped these
three money-related items, and performed confirmatory factor analyses (CFA) with the
remaining ZKPQ and TPQ items that loaded on the first two factors. We fit separate
correlated two-factor models for each of the four waves. Items and standardized factor
loadings for these CFA models are presented in Table 1. In each case, overall model fit was
good (all RMSEAs < .05, CFls and TLIs ranged from .90 to .97). Zero-order correlations
between all personality items and covariates from Sample 1 are available in the Supplement
(Tables S1-S4).
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3.1.2. Sample 2—We performed an analogous EFA of Wave 3 personality items from
Sample 2. A scree plot of the eigenvalues suggested a one-factor solution, and all items
appeared to tap the construct of sensation seeking. These items were subsequently modeled
using CFA. Because the sensation seeking items were drawn from two different scales
administered at different points in the interview, we fit a bifactor model, in which all items
loaded on a general factor, and scale-specific items were allowed to load on a scale-specific
factor that accounted for residual covariance among items from the same scale. The CFA
model had good fit (RMSEA =.04, CFI =.93, TLI =.90). Items and factor loadings are
presented in Table 2. One implication of these measurement model results is that Sample 2
could not be used as a replication sample for analyses of premeditation; rather, Sample 2 is a
replication sample only for the construct of sensation seeking. Zero-order correlations
between all personality items and covariates from Sample 2 are available in the Supplement
(Table S5).

3.2. Regression Models

3.2.1. Sample 1—Regression analyses were conducted separately for each of the four
waves. We regressed the latent factors for sensation seeking and premeditation on CSA,
DRD4 genotype, and the interaction between DRD4 and CSA. All models controlled for
race, gender, and SES. All models fit the data well (all model RMSEAs < .05, CFI and
TLI’s ranging between .90-.95). For sensation seeking (parameter estimates summarized in
Table 3), there were significant main effects for both gender and CSA at every wave, such
that males and individuals that endorsed CSA had higher levels of sensation seeking. There
was no main effect of DRD4 on sensation seeking, but there were significant interactions
between DRD4 and CSA across waves 1, 9, and 10, with a marginally significant interaction
(p = .05) at wave 8. Among individuals who reported a history of CSA, DRD4 7R carriers
tended to show lower sensation seeking relative to their non-carrier counterparts. Results for
sensation seeking are illustrated for all four waves in Figure 1. For premeditation (parameter
estimates summarized in Table 4), there was a significant main effect for CSA but only at
Wave 1. There were no main effects of gender, race, DRD4 or genotype, nor were there any
significant DRD4 x CSA interactions at any wave.

3.2.2. Sample 2—Results for Sample 2 are shown in Table 3. The latent factor for Wave 3
sensation seeking was regressed on our contextual predictor (CSA,), our moderator (DRD4),
and the interaction between DRD4 and CSA. We controlled for race, gender, SES and age.
This model fit the data well (RMSEA = .03, CFI = .93, TLI =.92). We found significant
main effects for age, race and CSA. Specifically, younger sample participants, Black
individuals, and individuals who endorsed CSA all showed greater sensation seeking on
average than their older, Caucasian, and non-abused counterparts. Consistent with findings
from Sample 1, there was no main effect of DRD4 on sensation seeking in Sample 2. In
contrast to findings for Sample 1, there was no statistically significant interaction between
DRD4 genotype and CSA. Post-hoc sensitivity analyses in which DRD4 was coded
dichotomously (7R carriers versus non-carriers) were consistent with these null results.
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3.3. Sensitivity Analyses

We conducted three sets of sensitivity analyses to address possible explanations for
differences in findings across studies (Analyses 1 and 2) and to control for effects of
population stratification (Analysis 3). CSA was measured more broadly in Sample 1 than in
Sample 2, including two items on unwanted sexual contact with a caregiver or another adult
and two more items regarding coerced sex or coerced sexual contact (which was not
necessarily with an adult). Thus, we first re-ran the Sample 1 models using an alternative
measure of CSA that used only the first two items (regarding unwanted sexual contact with a
caregiver or other adult). The percentage of Sample 1 participants endorsing CSA on these
two items was more commensurate with the rate seen in Sample 2 (10% in Sample 1 versus
5% in Sample 2). As shown in Table 5, the sensitivity analyses for the alternative coding of
CSA were largely consistent with the original results. There was a significant main effect of
CSA on sensation seeking at Waves 8, 9, and 10 but not Wave 1. Consistent with primary
results, the interaction effects between DRD4 genotype and CSA were statistically
significant for Waves 1, 9, and 10, and the magnitude of the interaction effects were greater
in later waves than in earlier waves. Overall, the magnitude of the interaction effects was
slightly greater in sensitivity analyses compared to the primary analyses. These results
suggest that the discrepancy in results between Sample 1 and Sample 2 is unlikely to be a
consequence of including items regarding coerced sex in the operationalization of CSA.

It is also possible that the association between CSA and sensation seeking detected in
Sample 1 could reflect a reverse causal association, as (a) sensation seeking in adolescence
is associated with earlier age at first sexual intercourse and a greater numbers of sexual
partners (e.g., Donohew, Zimmerman, Cupp, Novak, Colon, & Abell, 2000), and (b) greater
sexual activity is associated with increased chances of sexual victimization (Eaton, Davis,
Barrios, Brener, & Noonan, 2007). To address this concern, we re-ran Sample 1 analyses
controlling for lifetime number of sexual partners reported at Wave 1. As shown in Table 5,
the pattern of results was largely consistent with the original findings. All waves showed a
significant main effect of CSA on sensation seeking. DRD4 genotype showed significant
interactions with CSA at Waves 9 and 10, and interactions approached significance at
Waves 1 (p =.05) and 8 (p = .07). Notably, the magnitude and direction of interaction
results was consistent with the primary results.

Finally, to address potential concerns about population stratification in a racially diverse
sample, we conducted sensitivity analyses restricted to white participants for all regression
models. These results are displayed in Table 5. The magnitudes of the interaction effects
were generally consistent with those of the full sample (By1 = —.08, Bwg = =46, Pwg = —.45,
Bwio = —-54) with the exception of Wave 1, which was non-significant and attenuated in
magnitude. Wave 9 and 10 interactions were statistically significant at p < .05.

4. Discussion

In two independent samples of young adults, self-reports of CSA predicted higher average
levels of sensation seeking. Sensation seeking is correlated with a variety of externalizing
behaviors and disorders, including alcohol and drug use and sexual risk-taking, as well as
suicidality and self-injury (Charnigo et al., 2013; Knorr, Jenkins, & Conner, 2013; Ortin,
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Lake, Kleinman, & Gould, 2012; Quinn & Harden, 2013). Thus the current results suggest
that sensation seeking is a promising candidate for a “missing link” that connects CSA with
an array of clinical conditions. More generally, these results contribute to a growing
synthesis between research on normative variation in personality and research on clinically-
defined disorders (Krueger & Tackett, 2003).

The current results set the stage for five future lines of inquiry. First, although previous
research has linked both CSA and sensation seeking with clinical disorders, and the current
study found an association between CSA and sensation seeking, a full mediation model — in
which personality is tested as an intermediary of the link between CSA and multiple clinical
disorders — has not yet been tested. Neither data set used here has information on DSM-
defined clinical conditions, thus this mediation hypothesis awaits testing in future research.

Second, analysis of population-average developmental trends has found that sensation
seeking peaks near mid-adolescence and declines through the early 20s (Harden & Tucker-
Drob, 2008; Steinberg et al, 2008). As personality data from earlier in adolescence are not
available on these participants, it is unclear whether the higher levels of sensation seeking
evident in early adulthood would be also be evident earlier in development. Do individuals
with a history of CSA experience a larger adolescent “spike” in sensation seeking, or a
slower “maturing out” of sensation seeking? Developmental data that spans adolescence
would be necessary to address this question.

Third, this study relies on participants’ retrospective self-reports of childhood maltreatment.
Corroborated reports, such as medical or social services records, may be more “objective”
indicators of maltreatment, because they are not subject to participants’ biases. However,
such records are not available for our sample, nor are they typically not available for the
large samples necessary for genetic research. On the other hand, many individuals
experience childhood maltreatment but never have contact with any social services agencies.
Additionally, a Ithough previous research has found that associations between clinical
disorders and childhood history of CSA are robust to controls for shared environmental and
genetic confounds using a co-twin-control design (e.g., Kendler et al., 2000; Nelson et al.,
2002), self-reports of CSA - like any self-reported environmental experience — are
necessarily confounded by potential gene-environment correlations. It remains to be seen
whether the association between CSA and sensation seeking found here generalizes to the
more serious cases of abuse typically captured from corroborated abuse reports or
withstands more rigorous quasi-experimental tests of environmental causation.

Fourth, one limitation of the current study is that all facets of impulsivity were not
measured; we were limited to sensation seeking and premeditation in Sample 1 and only
sensation seeking in Sample 2. Other facets of impulsivity that have been identified include
lack of perseverance, defined as the ability to persist until a task is completed despite
boredom; negative urgency, defined as the tendency to commit rash actions as a response to
negative affect; and positive urgency, defined as the tendency to commit rash actions as a
response to positive affect (Whiteside & Lynam, 2001; Cyders & Smith, 2008). Negative
urgency, in particular, has been specifically linked with a variety of clinical problems, such
as externalizing behaviors and disordered eating (Anestis, Smith, Fink, & Joiner, 2009;
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Settles et al., 2012). Future research on the role of childhood maltreatment should examine
these clinically important facets of impulsivity.

Fifth, if the association between sexual abuse and sensation seeking represents a causal
relationship, the precise mechanism underlying this effect remains unknown. One
speculative hypothesis is that these effects are mediated through earlier pubertal maturation.
Girls, in particular, with a history of CSA experience menarche at younger ages, on average,
than girls who do not have a CSA history (Bergevin, Bukowski, & Karavasilis, 2003;
Mendle, Leve, Van Ryzin, Natsuaki, & Ge, 2011; Romans, Martin, Gendall, & Herbison,
2003; Turner, Runtz, & Galambos, 1999; Wise, Palmer, Rothman, & Rosenberg, 2009).
CSA has been hypothesized to accelerate pubertal development via its effects on both
adrenal and gonadal axes of the endocrine system (Trickett & Putnam, 1993). Interestingly,
these effects may be particular for sexual abuse as compared to physical abuse or neglect. In
a study of girls from the foster care system, all of whom who had experienced at least one
form of maltreatment, Mendle and colleagues (2011) found that sexual abuse (as measured
from child welfare case records) uniquely predicted more advanced physical development at
baseline and earlier age at menarche. In turn, the neuroendocrine events of puberty —
particularly the effects of sex hormones on dopaminergic systems in the brain that undergird
reward responses — have been hypothesized to drive adolescent-typical increases in
sensation seeking (but to be independent of adolescent gains in premeditation; reviewed in
Smith, Chein, & Steinberg, 2013). Future research can test this hypothesis by evaluating a
comprehensive model in which the timing of pubertal development is tested as a mediator of
the relation between CSA and sensation seeking. A related consideration for females is that
impulsivity may be sensitive to hormonal fluctuations that characterize different phases of
the menstrual cycle, which was not measured in the present study.

We found mixed evidence for the hypothesis that the DRD4 genotype moderates the
association between CSA and sensation seeking. Notably, even though we detected a
statistically significant GXE interaction in Sample 1, the shape of the interaction was not
consistent with the prediction that the DRD4 is a “susceptibility” gene. If the 7R/7R
genotype conferred susceptibility to adverse environmental experiences, then one would
expect minimal differences between the CSA and no maltreatment groups (i.e., a flat “slope”
for CSA) among individuals with zero 7R alleles, but a sharp positive slope among
individuals who are 7R homozygotes (and an intermediate slope for 7R heterozygotes).
Instead, we observed a contrastive interaction, such that CSA was negatively associated with
sensation seeking among 7R/7R homozygotes but positively associated with sensation
seeking among individuals with zero 7R alleles. This interaction shape was observed across
all waves. Because few people experienced CSA and have the 7R/7R genotype, one could
argue that it is more prudent to focus on the 7R heterozygotes, as they comprise the bulk of
the individuals with “risky” or “susceptible” genotypes. Comparing the 7R heterozygotes to
individuals with zero 7R alleles, the 7R heterozygotes also appear less susceptible to the
effects of CSA.

Additionally, although the CSA x DRD4 genotype interaction was evident at all waves in
Sample 1, this result was not replicated in Sample 2. The divergent results could be simply
due to sampling error around a true effect size that is null or very small. Alternatively, the

J Res Pers. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Harden et al.

Page 13

differences across samples could be attributable to differences in how CSA was assessed.
Specifically, in Add Health, CSA was assessed rather narrowly as forced touching or forced
sexual intercourse by a parent or adult caregiver. In contrast, the UTE assessment of CSA
was broader, including experiences up through adolescence (before senior year of high
school) and not necessarily restricted to a parent or caregiver, or even to an adult. Not
surprisingly, given this broader assessment, a substantially greater proportion of the UTE
sample endorsed CSA (28%) than in the Add Health sample (5%). The less frequent
endorsement of CSA in the Add Health sample may have compromised statistical power to
detect the interaction. However, sensitivity analyses, in which we restricted the definition of
CSA in the UTE sample and thus considerably reduced the number of individuals classified
as CSA+, continued to detect a DRD4 x CSA interaction in the UTE sample. This suggests
that differences in measurement cannot entirely account for the differences in results across
samples.

Finally, across both samples, the main effects of DRD4 genotype on sensation seeking and
premeditation were minimal and inconsistent in direction. The results of our candidate gene
analyses further underscore the difficulty of uncovering replicable genetic correlates of
complex psychological traits. General conclusions regarding “differential susceptibility
based on dopamine-related genotypes” are premature, or at least require additional
specification regarding which developmental outcomes and environmental contexts are
implicated in this process.

Both differential susceptibility and classical diathesis-stress theories posit that susceptible or
vulnerable individuals will be at increased risk for negative outcomes, relative to less
vulnerable individuals, in the face of environmental stress or disadvantage. An alternative
hypothesis, described as vantage sensitivity theory by Pluess & Belsky (2013), posits that
certain factors are growth-promoting in response to environmental enrichment, but do not
have an impact on responses to environmental disadvantage. This theory would predict that
individuals with the 7R allele of DRD4 will fare particularly well when raised in
exceptionally positive family environments. The current study focused only on
differentiating adverse childhood experiences from “good-enough” environments, but did
not characterize the positive side of the environmental spectrum. Studies that include the full
range of environmental quality from very negative to very positive — are necessary to
evaluate fully the range of possible interactions with any putative “vantage sensitivity”
factor, including DRD4 genotype.

5. Conclusions

This study presents initial evidence in support of the hypothesis that CSA is associated with
elevated sensation seeking — but not premeditation in — late adolescence and early
adulthood. This finding is consistent with previous literature connecting both CSA and
sensation seeking with an array of clinical disorders, and further bridges clinical research
with research on normative personality variation. At the same time, polymorphisms in
dopamine-relevant genes are frequently investigated in relation to reward- or approach-
related personality traits, and prominent developmental theorists have hypothesized that
certain variants, including the 7R allele of DRD4, confer increased susceptibility to
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environmental experiences. Following recommendations for candidate gene research
(Hewitt, 2012), we tested the hypothesis that the association between CSA and sensation
seeking is moderated by DRD4 genotype using two independent samples, and failed to find
consistent evidence for gene x environment interaction. Ultimately, the role of specific
genetic variants in complex psychological traits, including personality, will be resolved only
by the accumulation of multiple studies.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Results from DRD4 x Sexual Abuse Interaction Model in Sample 1 (UTE)
Note. Sensation seeking scores are standardized (M=0, SD=1). Sensation seeking not

measured at study waves 2-7.
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