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a  b  s  t  r  a  c  t

The  consequences  of  risky  sexual  behavior  are  of public  concern.  Adolescents  contribute
disproportionately  to  negative  consequences  of risky  sexual  behavior.  However,  no research
has examined  the  neural  correlates  of impulse  control  and  real-world  engagement  in risky
sexual behavior  in  this  population.  The  aim  of the present  study  was  to examine  this
question.  Twenty  sexually  active  adolescents  performed  an  impulse  control  task  during
a functional  magnetic  resonance  imaging  (fMRI)  scan  and  risky  sexual  behaviors  were
assessed  through  self-report.  Sexual  riskiness  ratings  were  negatively  associated  with
activation in  the  prefrontal  cortex  during  response  inhibition.  These  results  suggest  that
diminished  engagement  of  impulse  control  circuitry  may  contribute  to  sexual  riskiness  in
adolescents.

Published by Elsevier Ltd.

1. Introduction

Risky sexual behavior is a phenotypic manifestation of
risky  decision-making that has far-reaching consequences
for individual health and public concern. In particular,
unprotected sex such as a lack of condom use can place indi-
viduals  at greater risk of sexually transmitted infections
(STIs) as well as unintended pregnancy (Centers for Disease
Control and Prevention [CDC], 2011). The vast majority of
sexually  active people across age groups are aware of the
preventive efficacy of condom use, yet many do not use
them  on a consistent basis (Browne and Minichiello, 1994).
Recent  reports suggest that both adolescents and adults are
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more likely to use condoms than in the past (Reece et al.,
2010),  yet every year there are 19 million new cases of STIs
in  the United States (CDC, 2011). Adolescents contribute
disproportionately to those rates–although they represent
only  25% of the sexually active population, young people
contribute to nearly half of all new cases of STIs and an esti-
mated  $10.9 billion annually in teen pregnancy costs each
year  (see Guttmacher Institute, 2013; CDC, 2011). These
startling statistics suggest that despite widespread knowl-
edge  of the preventive benefits of contraceptive use, many
adolescents fail to translate this knowledge into action
(Parsons et al., 2000). Given the prevalence of unsafe sexual
behavior among adolescents, it is of concern to pinpoint key
factors  underlying sexual risky behaviors that may  result in
STIs  and unintended pregnancy.

Adolescence  is a unique developmental period char-
acterized by social, motivational, affective, and cognitive
changes (Crone and Dahl, 2012), all of which likely con-
tribute to lack of contraceptive use. Previous research has
focused  on potential social and motivational factors that
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may  contribute to risky sexual decision-making (Parsons
et  al., 2000; Aalsma et al., 2006); however, the role of
cognitive processes in adolescent sexual risk-taking is less
clear.  There is some suggestion in the adult literature that
impulse  control difficulties are associated with risky sex-
ual  behavior (Eysenck, 1976; Clift et al., 1993; Pinkerton
and Abramson, 1995). A recent behavioral study with
adults used the go/no-go task to examine impulse control
in  the presence of sexual stimuli across four counterbal-
anced conditions (Macapagal et al., 2011). In the study,
participants viewed a sexual or neutral video before per-
forming  a go/no-go task with sexual or neutral stimuli.
Impulsivity was assessed with the Eysenck Personality
Questionnaire (Eysenck et al., 1985). Although no relation-
ship  was found between impulsivity and task performance
in  neutral conditions, more impulsive individuals com-
mitted  significantly more errors (i.e., failure to inhibit a
response) than less impulsive individuals when attempting
to  inhibit a button press for sexual stimuli, specifically
after viewing the sexually arousing video (Macapagal et al.,
2011).  In other words, poor task performance in highly
impulsive individuals was specific to sexually arousing
stimuli. The authors suggest that impulsivity may  involve
a  tendency to respond to motivationally or emotionally
salient stimuli (Evenden, 1999).

Given that risky sexual decisions often occur under
emotionally and motivationally salient contexts, these
choices may  be particularly vulnerable to difficulties in
impulse  control (Reyna and Farley, 2006). Additionally,
adolescents appear to be especially sensitive to motiva-
tional influences, perhaps leaving them more vulnerable
to  risky decision-making in general (Galvan et al., 2007)
and  risky sexual behavior in particular (Reyna and Farley,
2006).  Indeed, although there is some evidence that adoles-
cents  pre-contemplate, deliberate, and prepare for sexual
encounters (Reece et al., 2010), they are often unable to
translate forethought into action in the heat of the moment
(Reyna and Farley, 2006). An examination of the cogni-
tive  processes and traits that contribute to risky sexual
decision-making in adolescents may  prove useful in under-
standing  the development of these behaviors.

Advances in neuroimaging have enabled researchers to
establish  a neural basis for risky decision-making during
adolescence, a developmental period of significant brain
maturation (Somerville and Casey, 2010). There is evidence
that  frontal regions implicated in regulatory processes
undergo a protracted development, while subcortical lim-
bic  regions display heightened sensitivity to emotional
stimuli and reward, potentially leaving adolescents vul-
nerable  to risky decision-making (Casey et al., 2008). This
developmental imbalance between neural systems likely
grants  adolescents greater cognitive flexibility (Crone and
Dahl,  2012), though may  leave adolescents less able to
inhibit  impulses, especially in emotionally arousing con-
texts.  This may  be represented behaviorally through a
failure  to inhibit the impulse to engage in sexual inter-
course despite a lack of contraceptives. The remodeling of
fronto-striatal regions implicated in regulatory and moti-
vational  processes has been tied to forms of risk-taking
during adolescence, such as substance use (Clark et al.,
2008)  and gambling (Chambers and Potenza, 2003). Yet

the  connection between risky sexual behavior and the reg-
ulatory  mechanisms in the brain remains unexamined in
adolescents, despite the prevalence and gravity of the con-
sequences of these behaviors.

The goal of the present study was to examine the associ-
ation between naturalistic levels of contraceptive use and
neural  correlates of impulse control during a basic go/no-
go  task performed during functional magnetic resonance
imaging (fMRI) in adolescents. Neural correlates of impulse
control have previously been assessed using the go/no-
go  task and linked to real-world behaviors in a sample of
smokers  attempting to quit (Berkman et al., 2011). Using
the  adolescents’ self-report of protection against unwanted
pregnancy grants the ability to examine how individual dif-
ferences  in neural correlates of impulse control relate to
this  behavior. We  hypothesized that adolescents reporting
greater levels of risky sexual behavior (i.e., less contracep-
tive use) would exhibit less activation in frontal regions
involved in regulation, as shown previously in adults (Aron
and  Poldrack, 2006) and adolescents (Cohen et al., 2010).

2.  Methods

2.1. Participants

Forty eight adolescents participated in an fMRI scan.
Only sexually experienced adolescents (n = 20) were
included in the current analyses, as we wished to exam-
ine  individual variability in self-reported sexual risk taking,
as  measured by contraceptive use, and its relationship to
neurocognitive indicators of inhibition. The rate of sexu-
ally  active adolescents in our sample (42%) is similar to
national trends (CDC, 2011). Participants ranged in age
from  15–17 years (Mage = 16.36; 7 males, 13 females). All
subjects were right-handed, free of metal, and reported
no current medication except birth control. Participants
completed written consent and assent in accordance with
UCLA’s  Institutional Review Board and were compensated
for their participation.

2.2.  Questionnaire measures

2.2.1.  Risky sexual behavior
Although  multiple variables were collected to assess

risky sexual behavior (e.g., number of partners, age of first
sexual  intercourse), riskiness level of contraceptive method
used  was selected to assess risky sexual decision-making.
The reason for focusing on this variable is because lack
of  contraceptive use, more so than other behaviors, most
directly relates to contraction of STIs or unintended preg-
nancy  (CDC, 2011) and in-the-moment impulsive decisions
(Donohew et al., 2000). Behaviors were assessed through
self-report and questions were phrased with respect to
“sexual  intercourse,” the definition of which was  left to
the  adolescent (e.g., “The last time you had sexual inter-
course, what contraceptive method did you or your partner
use?  (Choose all that apply).”) Contraceptive use options
included: no method was used, condoms, birth control
pills patch or shot (Depo-Provera), withdrawal, some other
method.  A composite score, or “sexual riskiness rating,”
was  then created from the participants’ response. A higher
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