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Abstract

While many have identified the important role of the developing brain in youth risk behavior, few
have examined the relationship between salient cognitive factors (response inhibition) and
different types of real-world adolescent health risk behaviors (substance use and risky sex) within
the same sample of youth. We therefore sought to examine these relationships with 95 high-risk
youth (ages 14-18; M age = 16.29 years). We examined the relationship between blood oxygen
level dependent (BOLD) response to an fMRI-based cognitive task designed to assess response
inhibition (Go/NoGo) and past month risk behavior (number of substance use days; number of
unprotected sex days). For this sample of youth, we found significant negative correlations
between past month substance use and response inhibition within the left inferior frontal gyrus
(IFG) and right insula (uncorrected p < .001; extent threshold = 10 voxels). In addition, in the
same contrast, we found significant positive correlations between past month risky sex and
activation within the right IFG and left middle occipital gyrus (uncorrected p < .001; extent
threshold = 10 voxels). These results suggest the particular relevance of these regions in this
compelling, albeit slightly different pattern of response for adolescent substance use and risky sex.
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1.1 Introduction

Adolescence is a highly active developmental period. Along with numerous biological
changes that take place, youth also begin experimenting with relatively more “adult”
behaviors, including substance use and sexual intercourse (Finer & Philbin, 2013).
Specifically, it is during this developmental period that youth begin to make decisions about
whether and when to have intercourse, and what (if any) preventive measures to take.
During this same time frame, youth also begin to make decisions about whether or not to
engage in substance use, with a large proportion of adolescents experimenting with alcohol
(75.6%) and cannabis (48.6%) by their senior year of high school (CDC, 2014). In contrast
to patterns observed among adults, who tend to favor one substance, most youth engage in
polysubstance use, using both alcohol and cannabis (Moss, Chen, & Yi, 2014). Yet, despite
the established clustering of sexual risk, alcohol, and cannabis use among youth (e.g.,
Callahan, Montanaro, Magnan, & Bryan, 2013), few studies have examined these behaviors
at the same time.

This matters because these behaviors place adolescents at higher risk for numerous negative
health outcomes, including unintended pregnancy, sexually transmitted infections (STIs)
(CDC, 2009), and of greatest concern, the human immunodeficiency virus (HIV) (Newbern
et al., 2013). Unfortunately, existing prevention interventions have relatively modest effects
(Bryan, Schmiege, & Broaddus, 2009; Schmiege, Broaddus, Levin, & Bryan, 2009),
particularly for substance-using youth (Cooper, 2002; Tolou-Shams, Stewart, Fasciano, &
Brown, 2010). Thus, it is critical to use innovative approaches to understand these
relationships, in order to guide improvements within these intervention programs.

One understudied factor in this equation is the role of developmental neurocognition. We are
just beginning to understand the nature of the adolescent brain and its more adaptive features
(Giedd, 2012). At this time, it is well established that brain regions involved in decision-
making around risk are deeply in development during this period. While the precise nature
of this relationship is in debate (Mills, Goddings, Clasen, Giedd, & Blakemore, 2014;
Sercombe, 2014), data suggest that adolescents’ brains are particularly attuned to socio-
emotional factors, including reward (Blakemore & Robbins, 2012; Galvan, 2014), while
being relatively less developed in terms of cognitive control (Geier, 2013). In fact,
prevailing theories of adolescent neurodevelopment, including the “dual-process”
(Somerville, Jones, & Casey, 2010; Steinberg, 2010) and “triadic” models (Ernst, 2014),
suggest that the relatively later maturation of the cognitive control system may be a factor
within adolescent risk behavior (Bernheim, Halfon, & Boutrel, 2013; Steinberg, 2008).

1.1.1 Response Inhibition

While several aspects of cognitive control are important in whether or not adolescents
decide to engage in risk behavior (Geier, 2013), response inhibition is a particularly salient
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facet of this system. In practical terms, response inhibition represents an individual’s ability
to not participate in an inviting, potentially rewarding, and highly-tempting activity, even
though there are compelling reasons to do so (such as not drinking at a party where alcohol
is easily accessible; not using cannabis when all of one’s peers are doing so; not having
unprotected sex, even in the context of a rare and promising opportunity) (e.g., Crone &
Dahl, 2012; Telzer, Fuligni, Lieberman, Miernicki, & Galvan, 2014). Emerging throughout
adolescence, response inhibition is one of the last neurocognitive skills to develop (Tamm,
Menon, & Reiss, 2002; van den Wildenberg & van der Molen, 2004; Velanova, Wheeler, &
Luna, 2009). Despite the relatively delayed emergence, response inhibition is critical to
successful goal achievement, as it is responsible for facilitating youths’ ability to ignore and
suppress irrelevant stimuli and automatic behavioral impulses (Fryer et al., 2007). Across
the psychosocial literature, adolescents who have difficulties with response inhibition have
greater substance-related problems, use a greater number of substances, and display greater
comorbid alcohol and substance use (Nigg et al., 2006).

In the neurocognitive literature, extant work has highlighted the critical neural substrates
involved in response inhibition in adolescents’ real-world risk behaviors. Within
neuroimaging, response inhibition is typically assessed with a Go/NoGo task. In one of the
only studies of adolescent sexual risk and response inhibition, Goldenberg and colleagues
(2013) found a positive relationship between sexual riskiness (defined on a continuous scale
of contraceptive use; 1 = condom and birth control to 5 = no contraception), and blood
oxygen level dependent (BOLD) response in the Go>NoGo contrast, in the superior frontal
gyrus (SFG), inferior parietal lobule (IPL), insula, and MFG. They also found a significant
negative correlation between sexual riskiness and neural activation (NoGo>baseline) in the
superior parietal, lateral occipital, superior temporal cortex, insula, right inferior frontal
gyrus (IFG), and (NoGo>Go) in the parietal and temporal cortex, SFG, MFG, and IFG, and
the insula. Together, these data suggest the association between relevant frontal (SFG, MFG,
IFG), parietal (IPL), and self-regulation and control regions (insula) for adolescent response
inhibition and risky sex behaviors.

There have been a number of studies examining adolescent response inhibition in the
context of alcohol and other substance use (Mahmood et al., 2013; Norman et al., 2011;
Wetherill, Castro, Squeglia, & Tapert, 2013; Wetherill, Squeglia, Yang, & Tapert, 2013).
Collectively, these studies have observed a mixed pattern, whereby some have found that
youth who progress to heavy drinking evidence greater BOLD response in salient neural
substrates (left angular gyrus; Mahmood et al., 2013; left MFG, right medial temporal lobe,
left cerebellar tonsil; Wetherill, Castro, et al., 2013), as well as less BOLD response
(ventromedial prefrontal activation; Mahmood et al., 2013; right IFG, left dorsal and MF
areas, bilateral motor cortex, cingulate gyrus, left putamen, bilateral middle temporal gyri,
bilateral IPL; Norman et al., 2011, right IPL; Wetherill, Castro, et al., 2013). Others found
that transitioners to heavy alcohol use initially had lower levels of BOLD activation, but
then transitioned to having relatively greater patterns of activation following initiation of
alcohol use (less brain activation across bilateral MFG, right IPL, left putamen, and left
cerebellar tonsil in comparison with controls, transitioning to greater activation than controls
across bilateral MFG, right IPL, and left cerebellar tonsil) (Wetherill, Squeglia, et al., 2013).
Together, these studies highlight the relevance, if not precise directionality, between salient
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frontal (vmPFC, MFG), tempo-parietal (angular gyrus, temporal gyri, IPL), and striatal
regions (caudate, putamen) in adolescent alcohol use and response inhibition.

The pattern appears to be less complex with cannabis. Although still relatively understudied,
in line with the adolescent alcohol studies, Tapert et al. (2007) observed greater BOLD
response for cannabis users (vs. non-users) on inhibition trials in the right dorsolateral PF,
bilateral MF, bilateral IPL and superior PL, and right occipital gyri, along with more
activation during “go” trials in the right PF, insular, and parietal cortices. Others have found
an absence of activation differences between adolescent cannabis users and non-cannabis
using controls (Behan et al., 2014), but heightened correlations between task-activated areas
for cannabis users across networks including the bilateral PL and left cerebellum.

1.1.2 Summary

While many have identified the important role of the developing brain in youth risk
behavior, few have examined these behaviors at the same time despite their co-occurrence
during this time frame. We therefore sought to address this gap, by directly evaluating the
role of a salient cognitive factor on the frequency of adolescent unprotected sexual behavior
and substance use. As one set of risk behaviors appears to have direct consequences on
adolescent neurocognitive structure and function (alcohol use, cannabis use) (Feldstein
Ewing, Blakemore, & Sakhardande, 2014; Lisdahl, Gilbart, Wright, & Shollenbarger, 2013),
and the other (sex) does not, we were curious how neurocognitive patterns would
independently compare for each of these health risk behaviors (substance use; sexual
behavior) and response inhibition separately, in the same sample of youth. In terms of
hypotheses, based on the mixed literature, we did not have a priori directional hypotheses,
but instead posited that we would find a significant relationship between each set of
adolescent risk behaviors (frequency unprotected sexual intercourse; substance use) and
BOLD response in the middle frontal gyrus (MFG), inferior parietal lobules (IPL), and
insula, during the response inhibition (NoGo>Go) contrast in our fMRI-based Go/NoGo
task.

2.1 Materials and Methods

This study was a component of a larger intervention evaluation (Magnan et al., 2013).
Importantly, all questions examined herein were conducted prior to youths’ random
assignment to intervention condition.

2.1.1 Participants

Following the parent trial (Magnan et al., 2013), to be included, youth had to be ages 14-18,
English-speaking, be high-risk (defined as involvement in a justice day-program), have
documented parent/guardian consent, and their own informed assent. Exclusion criteria
included currently taking antipsychotics or anticonvulsants, being pregnant (as indicated by
a pregnancy test obtained by research staff immediately prior to entering the scanner), MRI
contraindications (e.g., having non-removable metallic implants or braces, having welded
without required protection, having a tattoo within the past month), and having a history of
injury to the brain and/or brain-related medical problems. In addition, for this set of
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analyses, we were explicitly interested in the neural substrates of youth sexual and
substance-related risk behavior. Therefore, youth who were not sexually active or who
reported never using cannabis or alcohol were excluded from these analyses, as were two
youth who had below-chance accuracy at the task, yielding a sample of n = 95 youth for this
evaluation. Eligible youth received $20 in compensation for this component of the study.

To recruit youth, trained research staff introduced the project to youth clearly informing
potential participants that study participation was voluntary. Written assent was directly
obtained from participants. Similar to prior work with high-risk youth (e.g., Schmiege,
Broaddus, Levin, & Bryan, 2009), parent/guardian informed consent was obtained via
telephone following youth assent. All consent conversations were audio-recorded and
logged for proof of consent. All study procedures were performed under a federal Certificate
of Confidentiality and with approval by the participating institutional review board.

2.1.2 Measures

Multiple measures were collected, including a demographic measure, measures of substance
use and risky sex, and our fMRI paradigm.

2.1.2.1. Demographic Measure—This measure queried youth age, self-reported race/
ethnicity, lifetime substance use (yes/no), age at first use, and frequency of substance use
during the prior 3 months (on a 1-7 likert scale) for 8 hard drug categories (e.g., cocaine,
heroin, LSD/Acid, mushrooms, ecstasy, GHB, ketamine, methamphetamine/crystal meth).
Following our prior work, we calculated a hard drug composite by transforming the 8 likert
ratings to a binary measure (yes/no in the last 3 months) and generating the sum.

2.1.2.2. Past Month Frequency of Substance Use and Risky Sex. (TLFB; Sobell
& Sobell, 1992)—The Timeline Follow-back is an interviewer-administered measure that
utilizes a calendar format to yield past month health risk behavior. From this measure, we
derived past month totals for substance use days (defined as total number of alcohol and
cannabis use days), and risky sex days (defined as days of sexual intercourse minus days of
condom use).

2.1.2.3 Functional task and stimuli—The fMRI task is an established Go/NoGo
paradigm which has gained empirical support for evaluating response inhibition in youth
(Steele et al., 2013). Participants were instructed to respond as quickly and accurately as
possible using their right index finger every time the ‘X’ appeared (.80 probability for Task
1 and .20 probability for task 2), while not responding when the ‘K’ appeared (.20
probability for Task 1 and .80 probability for Task 2; see Figure 1). The order of Task 1 and
2 was counterbalanced across individuals. Each fMRI run was 7.33 minutes long, with a
total task time of 14.67 minutes. The stimuli subtended approximately 3x5° of visual angle
and were presented for 50 ms, with an inter-stimulus interval that varied pseudo-randomly
between 1000, 2000, and 3000 ms. The total number of NoGo events was 39. In line with
prior work with this task, response inhibition was operationalized as the contrast between
NoGo trials without a response vs. Go trials with a response (GoNo>Go).
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2.1.2.4 Imaging Data Acquisition—MR images were collected using a 3.0T Siemens
Trio whole body scanner. A 12-channel receiver head phased array coil combined with body
coil transmission was employed to achieve greater sensitivity in cortical areas. T1-weighted
anatomic images were collected with a 5-echo magnetization prepared rapid gradient echo
(MPRAGE) sequence [TR/TE/TI = 2300/[1.65, 3.5, 5.36, 7.22, and 9.08 ms]/1.2 s, flip angle
= 8°, FOV = 256x256 mm, slice thickness = 1 mm, field of view (FOV) = 256 x 256, VVoxel
size =1x1x1 mm]. Functional MR images were collected using a single-shot gradient-echo
echo planar sequence with ramp sampling correction using the intercomissural line (AC-PC)
as a reference (TR: 2.0 s, TE: 27 ms, flip angle= 75°, matrix size: 64 x 64, 33 slices, voxel
size: 3.75 x 3.27 x 4,55 mm). To improve the signal dropout and warping in the
orbitofrontal cortex (OFC), a tilting acquisition was applied. Task stimuli were presented via
rear projection to a mirror system that the subject viewed while in the head coil. Responses
were recorded using a fiber optic response pad. Stimuli were delivered using E-Prime
(Psychology Software Tools, Inc.). The timing of the stimulus presentation was controlled
by trigger pulses from the magnet to ensure precise temporal integration of stimulus
presentation and fMRI data acquisition.

2.1.2.5 Image Data Analyses—A standardized pipeline was used to preprocess
functional and structural MRI data. Images were realigned using INRIalign, and slice-timing
correction was applied using the middle slice as the reference frame. Data were spatially
normalized into the standard Montreal Neurological Institute (MNI) space (Friston et al.,
1995), temporally concatenated, re-sliced to 3x3x3 mm voxels, smoothed using a Gaussian
kernel with a full-width at half-maximum (FWHM) of 12 mm, and high-pass filtered using a
cutoff of 0.0078 Hz to remove low-frequency drift from the signal.

After preprocessing, analysis was performed at the individual and group levels using the
general linear model (GLM) and Gaussian random field theory as implemented in SPM8
(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). Regressors of interest were generated
using a canonical hemodynamic response function (HRF) corresponding to the onset of the
condition being examined. These regressors were convolved with the canonical HRF, using
the time derivative to account for intersubject variability in BOLD time to peak signal.
Framewise displacement (FD; Power, Barnes, Snyder, Schlagger, & Petersen, 2012) was
computed using motion parameters from INRIalign. All included participants had FD < 2
standard deviations from the mean.

For each participant, functional images were computed for Go responses to Go trials and Go
responses to NoGo trials. These functional images represent the hemodynamic response for
each of these behavioral responses. Next, a linear contrast in SPM8 estimated the main
effects of the NoGo vs. Go conditions for each participant, representing individual-level
statistical images of response inhibition. This contrast image was used in all subsequent
analysis.

2.1.2.6 Task Performance—We utilized a measure from signal detection theory to
evaluate overall performance, including d’, a measure of task accuracy (Green & Swets,
1966). Following prior work, d’ was calculated as an effect size comparing the proportion of
responses to Go trials and responses to NoGo trials.
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2.1.2.7 Analytic Strategy—The primary hypothesis was evaluated using regression
analysis in SPMB8. In light of our interest in the independent relationship for this
neurocognitive factor (response inhibition) on each health risk behavior (substance use;
risky sex) in this same sample of youth, we approached each health risk behavior separately.
We began by utilizing a linear contrast to estimate the main effects of the NoGo vs. Go
contrast. Then, each dependent variable (substance use; risky sex) was evaluated
independently. In two separate analyses, individual-level statistical images of response
inhibition were regressed onto two separate measures of adolescent risk behavior: 1)
substance use, and 2) risky sex, to estimate their individual relationships with the BOLD
response in the NoGo>Go contrast.

3.1 Results

3.1.1 Demographic characteristics

This sample was predominantly male (81.1%), average age 16.29, and Hispanic (61.1%). As
we were explicitly evaluating an adolescent sample with both substance use and risky sex
behavior, 100% of youth had engaged in sexual intercourse and 100% had used substances
in their lifetime (97.9% had at least one drink, and 96.8% had used cannabis at least once).
In terms of past month risk behavior, most youth reported polysubstance use, moving
between alcohol and cannabis with regularity; 97.9% had both alcohol and cannabis use
during the past month, with an average of 20.14 total substance using days. Youth had low
levels of other illicit hard drug use (M = 1.08; SD=1.44). In terms of risky sex, on average,
youth reported 3.22 risky sex days in the past month. Additional demographic details are
available in Table 1.

In terms of potential gender differences, in terms of the investigated target behaviors, there
were no significant differences across risky sex days, substance use days, or task accuracy.
In addition, examining neuroimaging analyses by gender (male>female; female>male), and
limiting the sample to males only did not reveal significant differences. Thus, the full
sample (males and females) was retained for all neuroimaging analyses.

3.2.1 fMRI Results

3.2.1.1. Task accuracy—Two youth performed outside of the normal range of task
accuracy (d’ values), and were therefore removed from further analyses, leaving the final
sample size of 95. The measures of accuracy for the remainder of the dataset (d’) followed
an approximate normal distribution with no obvious outliers. The mean level of accuracy on
the task (d”) was 2.54 (SD = 0.93).

3.2.1.2. Main effects—We began by examining the main effects for response inhibition
on adolescent neural activation. In this omnibus examination, we observed significant
activation for the response inhibition contrast (NoGo>Go; uncorrected p < .001; extent
threshold = 10 voxels) showing a main effect of activation in the insula, caudate, anterior
cingulate, IFG, MFG, pre-/post-central gyri, supramarginal gyrus, hippocampus, and
occipital gyri. No significant negative relationships were detected at this level (see Figure 2;
Table 2 for detailed results).
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3.2.1.3. Correlations between neural activation and risk behavior—In this step,
we evaluated whether in this same sample of youth, two types of risk behavior (substance
use; risky sex) were independently associated with brain activation during task performance.
Thus, we correlated BOLD response in the NoGo>Go contrast and the past month frequency
of substance use (alcohol and cannabis days). The same analysis was then conducted in the
context of risky sex to evaluate the correlation between BOLD response in the NoGo>Go
contrast and past month frequency of risky sex (unprotected sex days). In the first analysis,
there were no positive correlations between frequency of substance use and neural activation
during NoGo>Go. However, we found a significant negative correlation between substance
use and BOLD activation in the left IFG and right insula (uncorrected p < .001; extent
threshold > 10 voxels; see Table 3 and Figure 3). In the second analysis, there was a positive
correlation between risky sex and BOLD response in the right IFG and middle occipital
gyrus (uncorrected p < .001; extent threshold = 10 voxels; see Table 3 and Figure 3). There
were no significant negative correlations. Together, these data indicate different neural
responses by risk behavior, however, in a relatively similar area (IFG).

4.1 Conclusions

This study explicitly evaluated the association between a salient cognitive factor, response
inhibition, and adolescent risk behavior among youth who were actively engaged in both
substance use and risky sex. While these behaviors often co-occur during this developmental
period, we were interested in how congruent the neural associations would be; we therefore
evaluated the correlation between response inhibition with each health risk behavior
independently. Based on the mixed literature in this area, we anticipated finding a significant
relationship between each of the adolescent risk behaviors (substance use; risky sex) and
BOLD response in the middle frontal gyrus (MFG), inferior parietal lobules (IPL), and
insula.

In line with expectations, our main effects supported the efficacy of this task to access the
expected neurocognitive substrates, including insula, MFG, along with the anterior
cingulate, caudate, hippocampus, and IFG (NoGo>Go; uncorrected p < .001; extent
threshold > 10 voxels). Further, we found significant relationships between each adolescent
risk behavior and BOLD response during the response inhibition contrast (NoGo>Go).
However, the pattern of response was not precisely as predicted.

First, we found that each adolescent health risk behavior was independently associated with
IFG activation (substance use = R IFG; risky sex = L IFG). Interestingly, these relationships
were not in the same direction for each risk behavior. Rather, in line with prior studies
(Norman et al., 2011), we found a significant negative relationship between IFG activation
and substance use during this response inhibition task. However, in contrast with other
studies (Goldenberg et al., 2013), we found a positive correlation between IFG activation
and recent risky sex. Together, these findings indicate that the nature of IFG response is
different for these two adolescent risk behaviors. For example, it might be the case that the
“lower” activation observed for substance use might indicate less neural engagement in this
relevant frontal region, whereas the “greater” activation observed for risky sex could
potentially reflect overactive or enhanced frontal function in the context of youth sexual risk
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behavior. However, we exercise caution around over-interpreting or speculating what
“greater” versus “less” activation might mean in terms of real-world neural function and
related youth behavior. In other words, at this time, we do not know enough about the nature
of directionality within MRI/fMRI to draw firm conclusions regarding whether more
activation is “good” or “bad” in this context, and/or to disentangle whether these findings
reflect “less” or “more” cognitive effort in this context (Feldstein Ewing, Blakemore, et al.,
2014). At the same time, what these relationships do suggest is the relevance of this
particular region, the IFG, in adolescent response inhibition processing, and the differential
nature of this relationship by type of youth risk behavior.

Second, based on prior studies (Goldenberg et al., 2013; Tapert et al., 2007), we also
anticipated observing a significant relationship between both types of youth risk behavior
and insular activation during this response inhibition task. Interestingly, we only found
evidence for insular response in the context of substance use. We found no evidence of a
relationship between insular response and adolescent risky sex in this task.

In terms of how these factors may relate to real-world youth risk behavior, it is worthwhile
to note that cognitively, response inhibition represents the ability to voluntarily suppress
goal-irrelevant behavior and/or to self-regulate; this cognitive skill is critical for healthy
adolescent development (Luna & Sweeney, 2004). Interestingly, in terms of these regions,
not only has the IFG been firmly established as a salient region within the adult response
inhibition and substance use literatures (Claus, Feldstein Ewing, Filbey, & Hutchison,
2013), it has also been found to have an important role in adolescent attention and response
inhibition efforts (Geier, 2013). Furthermore, recent studies have indicated the role of the
IFG (both left and right) in emotionally-laden decision-making (Brown et al., 2012). These
IFG findings are paralleled by studies showing the role of the insula as well, both within
cognitive-emotional, as well as risk-related decision-making efforts during this particular
developmental period (Panwar et al., 2014; Smith, Steinberg, & Chein, 2014).

These findings are relevant, as recent studies have suggested that in contrast to other
developmental periods, social/affective factors may be more pronounced within adolescent
decision-making (Crone & Dahl, 2012). In terms of real-world implications, this suggests
that decisions about whether and when to engage in risk behaviors, such as substance use
and risky sex, may not only reflect youths’ fundamental cognitive control capacities, but
also youths’ rapid analysis of relevant socio-emotional factors salient within that decision.
Concretely, when considering whether (or not) to drink or engage in risky sex, youth are
likely to think about how that decision will influence existing or developing social, partner,
and peer relationships (Chassin, Pitts, & Prost, 2002). Ultimately, our findings here suggest
that the IFG and insula might have critical roles within this analysis. Thus, it might be
particularly worthwhile to examine the role of emotion and affect in these, even prepotent,
adolescent decision-making contexts.

Another consideration is how pre-existing neural differences in youth might predict future
risk behaviors. While it is not possible to evaluate longitudinal relationships within this
design, others have found that substance-using youth have transitioned from having
relatively lower, to relatively greater, rates of neural response in these relevant response
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inhibition networks (Wetherill, Squeglia, et al., 2013). We therefore suggest that an
indispensible next step is to begin to evaluate these relationships by age. Our sample here
was predominantly composed of middle adolescents (M=16.29; SD=1.00). However, as
reported in other work (Feldstein Ewing, Magnan, Houck, Morgan, & Bryan, 2014), our
sample initiated substance use and sexual intercourse at a very early age (M’s = 11-12 years
of age). Thus, the next crucial step is to examine how these neural relationships may appear
for youth around the time of risk behavior initiation. This is requisite to sort out which
neural factors may place youth at greater risk for engaging in adolescent health risk
behaviors (such as early pubertal development) (Feldstein Ewing, Ryman, & Bryan, under
review), and which neural factors might reflect sequelae from engaging in early substance
use exposure (early alcohol and cannabis use) (Lisdahl et al., 2013). Only through
unraveling these pieces can we know how best to characterize IFG and insular responses in
terms of potentially serving as predisposing factors or early markers of later risk behavior.

In addition, we suggest that the observed relationships have direct implications for the study
and prevention of adolescent risk behaviors. To better formulate more effective prevention
and intervention programming, one interpretation of these data is that less mature response
inhibition areas may be at a disadvantage in high-risk settings, such as when alcohol or
cannabis are readily available. Importantly, the results of this study suggest that these
relationships are not unique to substance use, but rather, that these same risks extend to the
context of adolescent sexual decision-making. Thus, programming which can help develop
or support these neural networks to facilitate youths’ successful inhibition of prepotent
behavioral responses may be particularly beneficial. A compelling next step will be to
determine how these behaviors interact, in real-time, to foster or mitigate risk for youth
(Jacobus et al., 2009). For example, use of alcohol and cannabis during sexual intercourse
opportunities (as commonly happens in the ecology of the adolescent) may directly impede
the recruitment of brain regions necessary to engage in effective response inhibition and,
thus, safer sexual behavior.

4.1.2 Limitations and Future Directions

The strengths of this study include robust findings with a large, diverse sample of sexually
active and substance using youth. First, in line with other adolescent behavioral risk studies
(Goldenberg et al., 2013), this evaluation was part of a larger dataset, not recruited on the
basis of co-occurring risk behavior. Second, our findings are limited by the cross-sectional
design; thus, we cannot currently address the compelling question of which came first: the
neurocognitive differences or the risk behavior (Feldstein Ewing, Blakemore, et al., 2014).
Ultimately, this study provides evidence that substance use (alcohol and cannabis use) and
risky sexual behavior are significantly associated with activation in critical brain areas
during a response inhibition task. The next step is to evaluate this relationship temporally,
specifically evaluating how early neurocognitive factors may influence adolescent substance
use and response inhibition, as well as how response inhibition may influence later
substance use and sexual risk behavior. Moreover, following emergent work in this area
(Falconer, Allen, Felmingham, Williams, & Bryant, 2013; Prisciandaro, Myrick, Henderson,
McRae-Clark, & Brady, 2013), it will be beneficial to determine the clinical and
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intervention implications of response inhibition, including how activation during response
inhibition may moderate (or even mediate) psychosocial intervention outcomes.
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Go trial (response)

Fixation cross

Go trial (response)

Random ISI of

1,2, 0r 3 secs NoGo trial (no response)

Figure 1.
Task Presentation in Go/NoGo
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Figure 2.
Main effects of response inhibition (NoGo > Go; uncorrected p <.001; extent threshold = 10

voxels). The color bar indicates t values with warmer colors denoting more significant
activation. Figures use neurological convention (left hemisphere is shown on left side.)
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(a) Risky Sex

(b) Substance Use

Figure 3.
Relationship between past month risk behavior and response inhibition (NoGo > Go;

uncorrected p < .001; extent threshold = 10 voxels). The color bar indicates t values with
warmer colors denoting positive correlations, and cooler colors denoting negative
correlations. Figures use neurological convention (left hemisphere is shown on left side.)
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Demographic Characteristics of Participating Sample (N = 95).

Table 1

Mean (SD) Range
Age 16.29 (SD = 1.00) 14-18
Gender Male =81.1%
Female =18.9%
Self-Reported Race/Ethnicity Hispanic =61.1%
Caucasian =13.7%
Bi-/Multi-racial =11.6%
African-American =8.4%
Native American =11%
Asian/Pacific Islander = 1.0%
Lifetime Alcohol Use 97.9%
Lifetime Cannabis Use 96.8%
Polysubstance Usel 97.9%
Hard drug composite? 1.08 (SD = 1.44) 0-6
Lifetime Sexual Intercourse 100%
Age of first drink 12.44 years (SD = 2.24) 5-17
Age of first cannabis use 11.49 (SD = 2.51) 5-16
Age of first intercourse 12.88 years (SD = 2.22) 5-16
Past Mo. Alcohol Use Days 3.97 (SD =5.10) 0-30
Past Mo. Cannabis Use Days 16.18 (SD =12.81) 0-30
Past Mo. Substance Use Daysl ~ 20.15 (SD = 14.85) 0-60
Past Mo. Risky Sex Days 3.22 (SD =5.57) 0-30
Go/NoGo task accuracy (d”) 2.54 (SD = 0.93) 0.07-4.29

1Defined as using both alcohol

and cannabis during past month

2Defined as frequency of hard drug use during past three months
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