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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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Fig. 1. The go/no-go task. Participants were instructed to press the button as quickly as possible for all letters (“go” trials) except the letter X (“no-go”
trials).  “No-go” trials occurred randomly, 25% of the time.

rating indicated greater riskiness of protection method
used at last intercourse (1 = condom and birth control,
2 = only condom, 3 = only birth control, 4 = withdrawal,
5 = none). As no participant selected “some other method”
in their response, this item was not included in the com-
posite score.

2.3. fMRI paradigm

2.3.1. Impulse control task
Participants completed a standard go/no-go (GNG) task

to examine neural correlates of cognitive control (Fig. 1).
Participants were presented with a series of rapid trials (1 s
each), each displaying a single letter, and were instructed
to respond with a button press as quickly as possible to all
letters except for X. The X occurred on 25% of trials. Thus,
participants developed a pre-potent response to press (go)
upon stimulus onset, and must inhibit the go response
on X trials (no-go). Response inhibition was operational-
ized as successful no-go compared to go trials (overriding
the pre-potent response). Participants completed 5 blocks
during one functional run. Each block contained 10 no-
go trials and 30 go trials presented in random order. The
inter-trial interval (ITI) was jittered according to a random
gamma distribution (M = 0.75 s). Each block (40 trials and
ITIs) lasted 70 s, and each block was separated by a 12-s
rest period.

2.4. fMRI data acquisition and analysis

2.4.1. fMRI data acquisition
Imaging data were collected using a 3 T Siemens Tri-

oMRI scanner. The task was presented on a computer
screen through scanner-compatible goggles. The GNG task

consisted of 200 images [slice thickness, 4 mm;  34 slices;
TR = 2 s; TE = 30 ms;  flip angle = 90◦; matrix = 64 × 64;
FOV = 200 mm;  voxel size 3 mm × 3 mm × 4 mm].
A T2*weighted, matched bandwidth (MBW), high-
resolution, anatomical scan and magnetization-prepared
rapid-acquisition gradient echo (MPRAGE) scan were
acquired for registration purposes (TR: 2.3; TE: 2.1; FOV:
256; matrix: 192 × 192; sagittal plane; slice thickness:
1 mm;  160 slices). The orientation for the MBW  and EPI
scans was  oblique axial to maximize brain coverage.

2.4.2. fMRI data preprocessing and analysis
Analyses were performed using FSL 4.1.6 (www.fmrib.

ox.ac.uk/fsl). All images were skull-stripped using FSL
BET. The images were realigned to compensate for small
head movements (Jenkinson et al., 2002). No participants
exceeded > 2 mm in translational movement. Data were
smoothed using a 5-mm FWHM Gaussian kernel to increase
the signal-to-noise ratio, and filtered in the temporal
domain using a nonlinear high-pass filter (100-s cutoff). EPI
images were registered to the MBW,  then to the MPRAGE,
and finally into standard MNI  space (MNI152, T1 2 mm)
using linear registration with FSL FLIRT.

One general linear model (GLM) was defined for the
GNG task, which included multiple regressors for each
event type: successful go trials, successful no-go trials, and
false alarms. Events were modeled with a 1 s duration.
The rest periods and jittered inter-trial intervals were not
explicitly modeled and therefore served as an implicit base-
line. Temporal derivatives and motion parameters were
included as covariates of no interest for all regressors.

The FSL FEAT package was used for statistical analysis.
Regressors of interest were created using a stick function
of the event duration at the onset time of each trial with

http://www.fmrib.ox.ac.uk/fsl
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Table 1
Participant distribution by “Riskiness Rating” of protection method used
at  last intercourse.

Riskiness Rating Description N

1 Condom and birth control 4
2  Condom only 7
3  Birth control only 1
4 Withdrawal 3
5  No method used 5

a canonical (double-gamma) HRF. A group-level analysis
was performed using the FMRIB Local Analysis of Mixed
Effects module in FSL (Beckmann et al., 2003). The sexual
riskiness rating was demeaned and entered as a regressor
in whole brain regression analyses. Thresholded Z statis-
tic images were prepared to show clusters determined
by a corrected, cluster-forming threshold of Z > 2.3 and an
extent threshold of p < .05 familywise error corrected using
the Theory of Gaussian Random Fields (Poline et al., 1997).
Outliers were de-weighted in the multi-subject statistics
using mixture modeling (Woolrich, 2008). For visualiza-
tion, statistical maps of all analyses were projected onto
a study-specific average brain of the participants.

3. Results

3.1. Behavioral results

Participants’ behavior was normally distributed on the
1–5 scale of sexual riskiness rating for method of protection
used (MRiskiness Rating = 2.9, SD = 1.6). A breakdown of par-
ticipant distribution by category is provided in Table 1. No
significant associations were observed for sexual riskiness
rating and participants’ gender or age.

On the GNG task, participants successfully inhibited
81.48% (SD = 7.17) of the no-go trials (i.e., withheld the but-
ton press to the no-go trials), ranging from 40 to 100%. The
mean response time on go trials was 410.1 ms  (SD = 39.3).
No significant associations were found between the sexual
riskiness rating and task performance or reaction time.

3.2. fMRI results

3.2.1. Main effects
First, main effects of go responses and inhibition (no-go)

trials on neural activation were examined. The omnibus
GLM analysis of the imaging data identified activation in
the occipital cortex during go responses compared to base-
line and in the insula, superior parietal, lateral occipital,
and superior frontal cortex during no-go trials compared
to baseline (Table 2). Second, the omnibus GLM analy-
sis for the no-go > go contrast revealed a main effect of
activation in the insula, precuneus, middle frontal gyrus,
posterior cingulate gyrus, parietal cortex, and occipital
cortex (Table 2). Finally, the omnibus GLM analysis for
the go > no-go contrast identified activation in the cere-
bellum, lateral temporal cortex, medial frontal gyrus, and
postcentral gyrus during go trials compared to no-go
(Table 2).

3.2.2. Correlations between neural activation and sexual
riskiness

To test whether sexual riskiness was  associated with
brain activation during task performance, correlation anal-
yses were conducted between sexual riskiness rating and
neural activation during go trials and inhibition (no-go) tri-
als. The contrasts examined were go > baseline, go > no-go,
no-go > baseline, and no-go > go. There were no significant
positive or negative correlations between sexual riskiness
and neural activation for go > baseline. There was  a sig-
nificant positive correlation between sexual riskiness and
neural activation during go > no-go in the superior frontal
gyrus, inferior parietal lobule, insula, and middle frontal
gyrus. There were no significant negative correlations for
this contrast. There were no significant positive correla-
tions between sexual riskiness and neural activation during
inhibition in either the no-go > baseline or no-go > go con-
trasts. There was a significant negative correlation between
sexual riskiness and neural response for no-go > baseline
in the superior parietal, lateral occipital, superior tempo-
ral cortex, insula, and right inferior frontal gyrus (rIFG)
(Table 2). There was also a significant negative associa-
tion between sexual riskiness and neural response for the
no-go > go contrast in the parietal and temporal cortex,
superior, middle, and inferior frontal gyri, and the insula
(Table 2). The negative correlations for the no-go > go con-
trast in the rIFG and insula are illustrated in Fig. 2. In other
words, sexually riskier teens showed less recruitment of
frontal regions during impulse control.

4. Discussion

This study examined behavioral and neural responses
to an impulse control task in a sample of sexually active
adolescents reporting varying levels of riskiness in con-
traceptive use. Findings revealed that sexual riskiness was
correlated with neural response such that there was  less
activation in the insula and rIFG during response inhibition
trials for those reporting less contraceptive use. In other
words, sexually riskier teens showed less recruitment of
frontal regions implicated in impulse control and cognitive
control of emotion regulation (Cohen et al., 2010; Aron and
Poldrack, 2006; Casey et al., 1997). No behavioral differ-
ences on inhibitory task performance were found, which
may  be due to limited sample size. Neuroimaging findings
support our hypothesis that neural correlates of impulse
control are related to sexual riskiness in adolescents.

Impulsive personality traits have been consistently rec-
ognized as a factor contributing to sexual risk-taking (see
Hoyle et al., 2000 for a review), and behavioral studies
have assessed the role of impulsiveness as a cognitive
process that may  underlie risky sexual decision-making
in adults (Macapagal et al., 2011). Engaging in impul-
sive sexual behavior is likely a function of deficits in
impulse control as well as heightened susceptibility to
emotional arousal. Indeed, recent neuroimaging studies
have associated heightened neural responses to sexual
cues in reward circuitry with subsequent impulsive sex-
ual behavior in adults (Demos et al., 2012). However,
no study has yet employed neuroimaging techniques
to examine neural underpinnings of impulsivity as they
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Table 2
Neural activation during go and no-go trials.

Trial type Region x y z Z-max Voxels

Main effects
Go R occipital cortex 50 −70 −8 5.17 1157
No-go R  superior parietal cortex 42 −48 48 4.97 2365

L  superior parietal cortex −48 −48 48 4.12 1133
R  insula 32 18 8 4.27 1750
L  insula −36 16 10 4.03 542
R  lateral occipital cortex 52 −66 4 4.85 956
R  superior frontal gyrus 16 8 62 4.09 638

No-go  > go R superior parietal cortex 42 −48 46 5.05 5993
L  inferior parietal cortex −62 −44 28 4.44 2706
R  occipital cortex 28 −92 −6 4.24 422
L  occipital cortex −22 −100 −14 3.85 371
R  posterior cingulate gyrus 4 −22 36 3.68 402
L  middle frontal gyrus −42 36 40 3.37 447
R  insula 30 18 −10 4.69 6739
L  insula −40 12 −6 3.9 840
R  precuneus 6 −70 44 3.59 361

Go  > no-go R cerebellum 14 −52 −16 4.09 1529
R  lateral temporal cortex 36 −44 −2 3.74 451
L  medial frontal gyrus −6 50 −4 3.79 858
L  postcentral gyrus −48 −20 54 3.59 642

Positive  correlation with sexual riskiness rating
Go > no-go R superior frontal gyrus 32 50 26 3.64 1035

L  superior frontal gyrus −4 20 48 3.77 429
R  inferior parietal lobule 42 −46 50 3.53 538
L  inferior parietal lobule −46 −52 52 3.42 887
L  insula −46 −14 6 3.16 498
L  middle frontal gyrus −32 36 18 3.58 400

Negative correlation with sexual riskiness rating
No-go L  lateral occipital cortex −24 −72 38 4.07 1066

L  superior parietal cortex −42 −50 40 3.67 971
R  parietal cortex 50 −28 54 4.15 497
L  superior temporal cortex −60 −10 2 3.78 673
R  insula 34 22 6 3.56 652
R  inferior frontal gyrus 46 24 4 2.53

No-go  > go R superior parietal cortex 42 −46 50 3.53 538
L  superior parietal cortex −46 −52 52 3.42 887
L  superior frontal gyrus −4 20 48 3.77 429
L  temporal cortex −46 −14 6 3.16 498
L  middle frontal gyrus −32 36 18 3.58 400
L  insula −32 18 8 2.9
R  superior frontal gyrus 32 50 26 3.64 1035
R  inferior frontal gyrus 34 26 8 2.89
R  insula 40 10 8 2.62

Note: x, y, and z refer to MNI  coordinates; Z-max refers to the peak level of activation intensity; Voxels refers to the number of voxels in each significant
cluster; L and R refer to left and right hemispheres.

relate to risky sexual behavior. Furthermore, no study has
investigated the connection between neural response and
engagement in risky sexual behavior during adolescence, a
period when social and developmental factors contribute
to an increased vulnerability to risky sexual decisions.
Importantly, adolescence is a period when motivational
and inhibitory regions of the brain undergo extensive
remodeling. Our findings provide the first empirical evi-
dence of impaired recruitment of frontal regions during
response inhibition in sexually riskier teens, suggesting
that diminished impulse control may  underlie adoles-
cent sexual riskiness. As cognitive and affective processes
undergo drastic changes during adolescence, it is possi-
ble that distinct cognitive mechanisms contribute to lack
of contraceptive use during adolescence and adulthood.
Further work will be needed to evaluate the potentially
separate cognitive processes and neurobiology that may

be associated with the same behavior in different develop-
mental populations.

As this was the first study to assess neurocognitive cor-
relates of adolescent risky sexual behavior, we employed a
basic GNG task without the use of sexual stimuli to iso-
late neural correlates of cognitive control and provide a
simple measure of response inhibition. It should be men-
tioned that no-go trials were modeled separately from
error trials, so that reported brain activation represents
successful response inhibition. Prior work using the GNG
task has demonstrated engagement of the IFG for trials
in which suppression was  correctly invoked (Luna and
Sweeney, 2004; Durston et al., 2002), suggesting that the
rIFG is necessary for behavioral inhibition (Aron et al.,
2003; Aron and Poldrack, 2006; Chambers et al., 2006).
Specifically, individuals less able to inhibit impulses dis-
play less activation in the rIFG (Aron and Poldrack, 2006).
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Fig. 2. Neural response during no-go > go trials. Neural responses in the rIFG (x = 34, y = 26, z = 8) (a) and insula (x = 40, y = 10, z = 8) (c) that negatively
correlate with sexual riskiness rating during successful response inhibition. For illustration only, the scatterplots depict the correlations between risky
sexual  behavior and activation during response inhibition trials in the rIFG (r = −.57, p < .05) (b) and insula (r = −.51, p < .05) (d).

From a developmental perspective, adolescents display less
activation than adults in the rIFG during impulse control
(Cohen et al., 2010). We  interpret our finding that sexu-
ally riskier adolescents showed less recruitment of the rIFG
during no-go compared to go trials to suggest impaired
recruitment of impulse control circuitry when inhibiting
a response. Additionally, results demonstrate that sex-
ually riskier adolescents displayed greater activation in
frontal regions during go compared to no-go trials, which
may  reflect a heightened motor response and orientation
toward impulsive action (Goya-Maldonado et al., 2010).

Additionally, we found that the insula showed differ-
ential activation during response inhibition with varying
levels of reported sexual riskiness. The insula has been
demonstrated to control attention to emotionally evocative
stimuli (Ochsner and Gross, 2008) such that cognitive dis-
traction diminishes the salience of an emotional response
and reduces activity in the insula (Frankenstein et al.,
2001). The reduced insula activation we observed in sexu-
ally riskier teens during response inhibition may  indicate a
reduced level of engagement and attention. Developmen-
tal fMRI studies using the GNG task have shown that adults
exhibit increased activation during successful response
inhibition in the insula (Tamm et al., 2002) and rIFG (Rubia
et al., 2007) when compared to adolescents. Development
of cognitive and emotional processes may  contribute to
immature impulse control during adolescence and conse-
quently greater levels of risky sexual behavior at this time.

Although this study has strengths, there are a few lim-
itations to note. The sample of adolescents used for the
purposes of this paper was part of a larger dataset not
recruited on the basis of engagement in sexual activity.
Although the percentage of adolescents reporting prior

sexual activity (42%) was comparable to national rates
(46%) (Guttmacher Institute, 2013), this limited our sam-
ple size, which may  account for the lack of behavioral
results. Additionally, the questionnaires used were phrased
with respect to sexual intercourse, limiting the scope of
risky sexual behaviors that we  were able to assess with
this study. Questionnaires did not assess sexual orienta-
tion; youth in same gender relationships may  choose to
not report contraceptive use because they reason there is
no biological risk of pregnancy. However, failure to use
contraceptives may  still be considered risky due to con-
cerns about STIs. Finally, we  recognize that impulse control
is merely one aspect of several that contribute to adoles-
cent risky sexual decision-making (e.g., perceptions of risks
and benefits, peer norms, length and type of relationship,
gender). As the GNG task is a measure of impulse control,
we limited the scope of our analyses and interpretations
to impulsiveness. Sample size did not allow for a com-
parison of sex differences in the relation between risky
sexual behavior and brain activation during impulse con-
trol. Future research evaluating a broader range of risky
sexual activities utilizing tasks with sexual stimuli may
further inform the relationship between adolescent sex-
ual decision-making and the brain. Larger sample sizes will
allow for greater ability to elucidate individual and gender
differences on neural and behavioral levels. These findings
are meant to serve as a preliminary exploration to address
a question which has not been examined in the literature
previously.

In summary, results from this study provide the first
evidence of differential brain activation in prefrontal
regions during cognitive control for sexually riskier ado-
lescents. Specifically, the finding that adolescents who



D. Goldenberg et al. / Developmental Cognitive Neuroscience 6 (2013) 23– 29 29

demonstrated less recruitment of the rIFG and insula also
tended to display a lack of contraceptive use converges
with prior work demonstrating the role of frontal regions
in guiding appropriate actions and estimating future out-
comes of risky choices (Miller and Cohen, 2001). These
findings suggest that deficiencies in recruitment of the
rIFG and insula may  put adolescents with less ability to
self-regulate at greater risk of impulsive sexual decision-
making. Research such as this will hopefully expand our
understanding of risky sexual behavior in adolescents,
particularly in those who struggle with impulse control
disorders and related psychopathology.
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