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Abstract

Previous research has demonstrated that externalizing symptoms, cannabis use problems, and poor
decision-making abilities are each independently related to risky sexual behavior (RSB). However,
few studies have examined the joint effect of these factors on RSB among a sample of adolescents.
The current study addresses this gap in the literature by examining how externalizing disorder
symptoms, cannabis use, and decision-making abilities interact to predict RSB among a sample of
adolescents (n7= 204; mean age = 15.5) at-risk for escalation in cannabis use. Poisson regression
was used for all analyses and simple slope difference tests were used for all post-hoc analyses. A
greater number of externalizing symptoms, more problems from cannabis use, and more risk
disadvantageous choices on the Cups Task (CT) total trials and more risk disadvantageous choices
on the CT gain trials predicted greater RSB endorsement. Findings also highlight significant
interactions between cannabis use problems and CT total and gain trial performance, as well as
between cannabis use problems and externalizing symptoms in predicting RSB. Current treatment
and prevention approaches to reduce RSB among adolescents may benefit from incorporating
techniques that improve decision-making skills.
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Introduction

Increases in risk-taking behaviors are often observed during adolescence, including risky
sexual behaviors (RSB), defined here as sexual behaviors that can directly lead to STIs or
unplanned pregnancies. Teens are at a greater risk of engaging in RSB compared to other
ages, with young persons accounting for nearly half of the new sexually transmitted
infections (STIs) diagnosed throughout the US (Satterwhite et al., 2013). Few studies have
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examined the association between neurocognitive performance and RSB and even fewer
studies have examined this association among adolescents. However, leading developmental
theories about adolescent risk-taking behavior focus on neurocognitive development as one
of the main reasons for the increases observed in risk-taking behavior among this age group.
Two of these theories are the “dual process™ and “triadic” models, which share a common
theme. Specifically, subcortical areas involved in reward-related behaviors reach peak
development in adolescence, while the prefrontal cortex, involved in top-down control
processes, does not reach full development until young adulthood (Casey, Jones, & Hare,
2008; Steinberg, 2008).

More recently, Feldstein Ewing and colleagues (2016) proposed a theory of the neural
circuitry across brain systems for adolescent sexual decision-making. The theory includes
communication between the ventral tegmental area, striatum, prefrontal cortex, limbic
system, insula and anterior cingulate cortex. Many of the same brain regions proposed in the
adolescent sexual decision-making model overlap with the models proposed for adolescent
risk-taking, including the prefrontal cortex and limbic system. These regions, prefrontal
cortex and limbic structures, are associated with risk-taking and reward-seeking behavior,
like RSB. Decision-making, a neurocognitive ability supported by the prefrontal cortex, and
particularly the orbitofrontal cortex, may account for individual differences in propensity for
engagement in RSB among youth.

To date, most studies that have assessed the association between neurocognitive function and
RSB have found that poorer executive functioning is associated with more RSB (Golub,
Starks, Kowalczyk, Thompson, & Parsons, 2012; Huebner, McGarrity, Smith, Perry, Suchy,
2018; Ross, Duperrouzel, Vega, & Gonzalez, 2016). Decision-making, defined as making a
choice with ambiguous consequences requiring a tradeoff between reward and risk (Bechara,
2005), is one facet of impulsivity and executive function. Currently, the literature on the
association between decision-making and RSB have mixed results. First, poorer
performance on the IGT has been found to moderate the association between substance use
and other psychosocial factors and RSB, such that greater substance use is associated with
more RSB (Schuster, Crane, Mermelstein, & Gonzalez, 2012; Ross, Coxe, Schuster, Rojas,
& Gonzalez, 2015). Furthermore, Golub and colleagues (2012) reported that among a group
of substance dependent adults, those who performed poorly on executive function tasks
engaged in the greatest number of high risk sexual behavior and high risk sexual behavior
under the influence.

In contrast, several studies have also found that better decision-making performance, on the
IGT, is associated with greater engagement in sexual behavior (Rendina, Millar, Dash,
Feldstein Ewing, & Parsons, 2018; Wardle, Gonzalez, Bechara, & Martin-Thormeyer, 2010).
Among a sample of men who have sex with men, IGT performance moderated the
association between sexual arousal and sexual engagement. Specifically, among men who
had above average performance on the IGT there was a stronger association between arousal
and engagement compared to the men who performed below average on the IGT (Rendine et
al., 2018). Another study found that among HIV+ substance dependent individuals,
emotional distress was associated with RSB, but only among those who performed better on
the IGT (Wardle et al., 2010).
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In addition to neurocognitive performance, there are several relevant psychosocial variables
to consider in the context of RSB, which include externalizing disorders (i.e., oppositional
defiant disorder (ODD) and conduct disorder (CD)) and cannabis use, (Flory, Molina,
Pelham, Gnagy, & Smith, 2006; Ross, Coxe, Schuster, Rojas, & Gonzalez, 2015; Schuster et
al., 2012). However, psychosocial and neurocognitive factors are rarely studied together to
determine how they interact to influence RSB among adolescents. Importantly, cannabis use
and RSB are both risk-taking behaviors, commonly initiated in adolescence. Furthermore,
individuals with externalizing disorders are more likely to engage in risk-taking behavior,
like substance use and RSB (Flory et al., 2006; Sibley et al., 2014) compared to individuals
without externalizing disorder symptoms.

Externalizing disorder symptoms are one likely contributor to RSB. Individuals with
externalizing disorders engage in greater amounts of RSB compared to those without an
externalizing disorder. Individuals diagnosed in childhood are more likely to have earlier
sexual initiation, a greater number of partners, and more sex under the influence of alcohol/
drugs during adolescence. These individuals are also more likely to engage in greater
amounts of RSB during adulthood (Flory et al., 2006).

Numerous studies have documented the association of illicit drug use with RSB (Biglan et
al., 2004) as well as the association of negative consequences from drug use with RSB
(Tapert, Aarons, Sedlar, & Brown, 2001). Others have reported a positive association
between number of substance dependence symptoms, including cannabis, and more RSB
(Ramrakha, Caspi, Dickson, Moffitt, & Paul, 2000; Tapert et al., 2001). Fewer studies have
specifically evaluated the association between cannabis use and RSB. Of importance,
addressing how cannabis use is associated with RSB is imperative given the large-scale
changes in the legalization of cannabis across the US and the increase in use among
adolescents (Johnston et al., 2018). However, among the few studies that have assessed
cannabis use and RSB, cannabis use during the most recent sexual encounter was associated
with not using a condom (Bryan, Schmiege, & Magnan, 2012). Mackesy-Amiti, Fendrich,
and Johnson (2010) note that surprisingly few studies address the association between
dysfunctional drug use and RSB.

Cannabis use among individuals with an externalizing disorder is common (Molina &
Pelham, 2003; Sibley et al., 2014). Adolescents with externalizing disorders use cannabis
more frequently and escalate to heavy use more quickly compared to adolescents without an
externalizing disorder (Sibley et al., 2014). Individuals with externalizing disorders engage
in illicit drug use at younger ages, continue engagement into adulthood, and a greater
number meet criteria for a substance use disorder compared to individuals without an
externalizing disorder (Molina & Pelham, 2003). Previous research has demonstrated that
associations exist between externalizing symptoms, problems from cannabis use, and RSB
but the associations between these factors are complex (Ross et al., 2015).

ADHD is characterized by executive dysfunction which includes impairments in planning
and attention (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Yet, executive
dysfunction is not always observed among those with ODD/CD (Clark, Prior, & Kinsella,
2000). Unfortunately, few studies have documented how symptoms of externalizing
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disorders interact with measures of executive functioning in predicting risky behavior. One
measure of executive functioning that may be related to risk-taking behavior in individuals
with externalizing disorders is decision-making. Across 37 studies, individuals with ADHD
made more risky choices on decision-making tasks compared to individuals without ADHD,
a trend towards significance was observed for a moderating influence of ODD/CD (Dekkers,
Popma, van Rentergem, Bexkens, & Huizenga, 2016).

Although externalizing disorders, problems from cannabis use, and decision-making abilities
have been shown to be associated with RSB (Flory et al., 2006; Ross et al., 2015; Schuster et
al., 2012; Tapert et al., 2001), less is known about how these variables interact to predict
RSB in adolescents. Previous research on this topic has primarily included young adult
cannabis users and only one measure of decision-making (Ross et al., 2015; Schuster et al.,
2012). The current study employed three different measures of decision-making, the lowa
Gambling Task (IGT), the Cups Task (CT), and the Game of Dice Task (GDT), each
assessing different facets of decision-making performance. The IGT is different from the
other two tasks in that the participant is unaware of which choices are risky and safe at the
beginning of the task. The GDT and CT provide clear information to the participant about
the probability of winning or losing. What differentiates the CT from the GDT is that the CT
includes both “gain” and “loss” trials and allows for assessing risk advantageous and risk
disadvantageous choices separately. Furthermore, fMRI studies suggest that performance on
gambling tasks with ambiguous versus specified risk conditions rely on different brain
regions. Huettel, Stowe, Gordon, Warner, and Platt (2006) reported activation in the lateral
prefrontal under ambiguous risk conditions while activation was reported in the posterior
parietal cortex when risk conditions were specified. The three decision-making tasks allow
for the examination of the association between RSB and different types of decision-making.
We will evaluate the unique contribution and interaction effects of externalizing symptoms,
problems from cannabis use, and risk-taking among three separate decision-making tasks, as
well as differences in risk-taking from “gain” and “loss™ trials, in predicting RSB among
adolescents. We hypothesized that 1) decision-making abilities, externalizing symptoms, and
problems from cannabis use will all account for unique variance in predicting RSB, such
that more problems from cannabis use, poorer decision-making performance, and more
externalizing symptoms will predict more RSB; 2) decision-making abilities will moderate
the association between problems from cannabis use and RSB, such that only at poorer
levels of performance on the decision-making tasks will more problems from cannabis use
predict more RSB; 3) decision-making abilities will moderate the association between
externalizing symptoms and RSB, such that only at poorer levels of performance on the
decision-making tasks will more externalizing symptoms predict more RSB.

Methods

Participants

Participants were 204 adolescents recruited from South Florida middle and high schools,
flyers distributed throughout the city, and word-of-mouth. Participants in this study were
part of a larger longitudinal study (Pl: RG, R01 DA033156) designed to assess how

decision-making performance may influence cannabis use trajectories. Participants in the
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study were screened (via phone) to obtain a sample consisting predominantly of adolescents
at risk for escalation of cannabis use. Inclusion criteria consisted of being 14 to 17 years old
at baseline, ability to read and write in English, and some use of alcohol, cigarettes,
cannabis, or other drugs (although a small percentage of the sample, ~10% was allowed to
have no history of use). Participants were excluded for self-reported developmental
disorders, birth complications, neurological disorders, or history of mood, or thought
disorder. Participants were also excluded at screening for possible alcohol or cannabis use
disorder as well as frequent or recent use of drugs other than alcohol, nicotine, or cannabis,
although those that met criteria during the study visit were not excluded from the study. All
participants underwent oral fluid toxicology testing during baseline and annual follow-up
visits using an Intercept oral fluid drug test (OraSure Technologies, Inc.: Bethlehem, PA).
The Institutional Review Board of Florida International University approved all study
procedures and protocols. Participant assent and parental consent were obtained for all
participants.

Demographic Information.—Demographic information collected included age, race/
ethnicity, gender, years of education, and mother’s years of education.

Wide Range Achievement Test-Fourth Edition (WRAT4) Word Reading.—The
WRAT word reading subtest assess letter identification and word decoding. The total score
is used as a measure for estimated 1Q (Wilkinson & Robertson, 2006).

Diagnostic Interview Schedule for Children (CDISC).—The CDISC is a highly
structured diagnostic assessment used to assess a variety of mental health disorders.
Adolescents were administered the youth version which included major depressive disorder,
ADHD, and obsessive compulsive disorder (Shaffer, Fisher, Lucas, Dulcan, & Schwab-
Stone, 2000).

Risky Sexual Behavior Questionnaire (RSBQ).—The RSBQ is a detailed measure
used to assess RSB (Schuster et al., 2012) which was adapted from the AIDS Risk Behavior
Assessment (Donenberg, Emerson, Bryant, Wilson, & Weber-Shifrin, 2001). The RSBQ
queries past sexual history, including number of sexual partners, frequency of protection,
lifetime number of consequences, and the frequency of drug and alcohol use during sex. The
total score of the RSBQ was used as the measure for RSB.

Youth Self-Report (YSR).—The YSR is a commonly used and well-validated measure
assessing syndrome based and DSM-oriented scales. Subscales include internalizing and
externalizing symptoms. The total score of the externalizing symptoms subscale was used as
the measure of externalizing disorder symptoms. One question included in the YSR
externalizing subscale queries about drug use (i.e., “I use drugs for nonmedical purposes
(don’t include alcohol or tobacco.”)) However, this question does not ask about problems
related to cannabis use or other drug use. Thus, we retained this question in the total score
calculated for the externalizing symptom subscale (Achenbach & Rescorla, 2001).
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Marijuana Problems Scale (MPS).—The MPS is a 19-item scale developed to assess
negative consequences as a result of cannabis use (Stephens, Roffman, & Curtin, 2000)
across a variety of domains (e.g., relationships, occupational/educational achievement, and
finances). Participants choose from three options which are 0 = no problem, 1 = minor
problem, and 2 = serious problem. The measure has been used in studies with adolescents
(Foster, Li, McClure, Sonne, & Gray, 2016) and has demonstrated adequate internal
consistency (Stephens, Roffman, & Curtin, 2000). The total score (ranging from 0-38),
calculated by summing the choices from the participant, was used as the measure of
cannabis use problems.

Decision-Making.—Decision-making was assessed via three performance-based
measures, all of which assess different facets of decision-making via computer. In order to
ensure motivated responding and add realism to the gains and losses experienced during the
decision-making tasks, participants won different prizes based on overall performance across
all tasks.

Cups Tasks (CT).: The CT was created specifically to measure decision-making in
children, and under conditions of specified risk (Levin & Hart, 2003). The CT consists of 54
trials that are considered either “gain” or “loss” trials. Participants are given a visual display
of 2, 3, or 5 cups on the left and right side of the computer screen. Choices from one side
always yield a definite reward/smaller loss, whereas choices from the opposite side provide a
chance for a greater reward or loss. Gain trials have two options: 1) definite gain of one
quarter or 2) the chance to win multiple quarters or no quarters. Loss trials also have two
options: 1) definite loss of one quarter or 2) a chance to lose multiple quarters or no quarters.
The total number of risk disadvantageous choices (i.e., those choices associated with lower
expected value) across all trials was used to quantify risk-taking. We also separately
analyzed the number of risk disadvantageous choices on the loss and gain trials, labeled as
CT-total, CT-gain trials, and CT-loss trials.

Game of Dice Task (GDT).: The GDT assesses decision-making when the participant is
given certain rules and probabilities for monetary gains and losses throughout the task
(Brand et al., 2005) and has been used with adolescents (Drechsler, Rizzo, & Steinhausen,
2008). The task evaluates decision-making under conditions of specified risk. Participants
predict the outcome of a dice roll by choosing from four different options (e.g., one number
vs. multiple numbers). Options with more numbers (i.e., higher probability of winning) are
associated with a lesser reward compared to those with one or two possible numbers (i.e.,
lower probability of winning). ‘Risky choices’ are the two options with the lowest
probability of winning. Participants underwent 18 trials of this task and the total number of
risky choices was used to quantify performance.

lowa Gambling Task (IGT).: The IGT is different from the aforementioned tasks in that it
assesses decision-making under conditions of ambiguous risk. The task was developed to
measure poor judgment and impulsive decision-making typically seen in patients with
lesions of the orbitofrontal cortex (Bechara, Damasio, Damasio, & Anderson, 1994).
Participants are given a visual display of four decks of cards with instruction that some
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decks are better than others and that more choices from “good decks” will yield a positive
net total while more choices from “bad decks” will yield a negative total. IGT net score
(choices from good decks — bad decks) was used to quantify performance. The IGT has been
successfully used with adolescents (Ernst et al., 2003).

Statistical Analysis

Results

All analyses were conducted in SPSS 22 using Poisson regression, due the RSBQ-total low
mean score (mean = 4.1, standard deviation = 5.6) and positive skewness, resembling count
data (Coxe, West, & Aiken, 2009). Each analysis included externalizing symptoms-total,
MPS-total, one of the three decision-making tasks, and the interaction of these variables
predicting RSBQ-total all in the same model. All independent variables were mean-centered
prior to analyses. DFBETAS were examined to determine if any outliers were present and
outliers were flagged if DFBETAS values were greater than the absolute value of one. One
outlier was present across all analyses (DFBETAS ranging from 1.02 to 1.85). Each analysis
was conducted with and without the outlier, which did not produce significant differences in
results. Thus, the analyses with the outlier included was reported. Simple slope difference
tests were conducted for those analyses that were significant (or approached significance).
All analyses were conducted using bootstrapping with 2000 replicates.

Age, grade, mother’s education, estimated 1Q and race were included in a separate
regression to determine if the variables significantly predicted RSBQ-total. None of the
variables significantly predicted RSBQ-total (o> 0.13). Therefore, none of these variables
were included as covariates.

Simple slope difference tests were used to follow-up all significant two-way interactions.
CT-total performance was set at one standard deviation below the mean (labeled as “less
risk-taking,” approximately 6 risky choices), at the mean (labeled as “average risk-taking,”
approximately 10 risky choices) and one standard deviation above the mean (labeled as
“more risk-taking,” approximately 14 risky choices). CT-gain trials was set at one standard
deviation below the mean (labeled as “less risk-taking,” approximately 2 risky choices), at
the mean (labeled as “average risk-taking,” approximately 5 risky choices), and one standard
deviation above the mean (labeled as “more risk-taking,” approximately 7 risky choices).
Externalizing symptoms were set at one standard deviation below the mean (labeled as “less
externalizing symptoms,” approximately 6 externalizing symptoms), at the mean (labeled as
“average externalizing symptoms,” approximately 14 externalizing symptoms) and one
standard deviation above the mean (labeled as “more externalizing symptoms,”
approximately 22 externalizing symptoms).

Participant Characteristics

Oral fluid tests for recent drug use revealed that five participants had recently used cannabis,
one participant had recently used cocaine and one participant had recently used
amphetamines. Since few participants (n = 7) tested positive for recent drug use, all
participants were included in the analyses regardless of drug test results. A majority of the
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participants were Hispanic/Latino. Few participants met diagnostic criteria for a psychiatric
disorder based on the CDISC. The most common psychiatric disorders were CD (8.3%),
obsessive-compulsive disorder (4.4%), and ADHD (3.4%). Participants self-reported, on
average, between 7 to 14 symptoms of externalizing disorders. In addition, the mean scores
reported by participants on the MPS (M= 3.05) are comparable to studies using a sample of
college students (M = 2.38; Buckner & Schmidt, 2008). A mean score of three on the MPS
suggest between one and three negative consequences, with varying severity, as a results of
cannabis use. The mean score of the RSBQ-total score for our current sample (M= 4.06)
was much lower than previously reported among an older sample of young adults (M=
17.82; Ross et al., 2015). Participant characteristics are shown in Table 1.

Main Effects

Externalizing symptoms and MPS-total had a significant positive association with RSBQ-
total. More risk-taking on the CT-total (combined gain and loss trials) and CT-gain trials
were approaching significance in predicting a higher RSBQ-total. Performance on the CT-
loss trials, GDT, and IGT did not significantly predict RSBQ-total. A correlation matrix is
shown in Table 2, main results are shown in Table 3, and results for CT-gain and CT-loss
trials are shown in Table 4.

Decision-making as a moderator between problems from cannabis use and RSB.

Cups Task-Total.—The interaction between the MPS-total and CT-total performance on
RSBQ-total approached statistical significance. Simple slope difference tests revealed that
the MPS-total significantly predicted RSBQ-total; however, this association varied
depending on CT-total performance. MPS-total significantly predicted RSBQ-total at levels
of more risk-taking on the CT-total. The association between MPS-total and RSBQ-total was
also significant at average levels of risk-taking on the CT-total. However, at levels of less
risk-taking on the CT-total the association between MPS-total and RSBQ-total was not
significant (see Figure 1).

Cups Task-Gain Trials.—The interaction between the MPS-total and CT-gain trials
performance on RSBQ-total also approached statistical significance. Similar to the results of
the CT-total, simple slope difference tests revealed that at average and more risk-taking on
the CT-gain trials there was a positive significant association between MPS-total and RSBQ-
total. The MPS-total and RSBQ-total were not significantly associated at levels of less risk-
taking on the CT-gain trials. The patterns that emerged here are similar to the CT total (see
Figure 2).

Cups Task-Loss Trials.—There was no evidence of an interaction between the MPS-total
and CT-loss trials performance on RSBQ-total.

Game of Dice Task and lowa Gambling Task.—The interaction between the MPS-
total and GDT/IGT performance did not significantly predict RSBQ-total.
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Decision-making as a moderator between externalizing symptoms and RSB.

We found no evidence that decision-making abilities moderate the association between
externalizing symptoms and RSBQ-total.

Externalizing symptoms as a moderator between problems from cannabis use and RSB.

A significant interaction effect was observed between the MPS-total and externalizing
symptoms in predicting RSBQ-total (only when the CT was included) and was approaching
significance when the IGT was included. Simple slope difference tests revealed that at
average (p = 0.05, SE = 0.03, p < 0.01) and less (p = 0.09, SE = 0.03, p < 0.01) externalizing
symptoms, there is a significant positive association between MPS-total and RSBQ-total.
However, at more externalizing symptoms (p = 0.01, SE = 0.03, p = 0.84), there is not a
significant association between MPS-total and RSBQ-total.

Discussion

The current study examined how externalizing symptoms, problems from cannabis use,
decision-making performance and the interactions among these variables influenced RSB.
No studies, to our knowledge, have assessed the association between decision-making
abilities and RSB among a sample of adolescents. Generally, externalizing symptoms,
problems from cannabis use, and decision-making performance (only on the CT-total and
CT-gain trails) predicted RSB. Interaction effects emerged between problems from cannabis
use and CT performance as well as between externalizing symptoms and problems from
cannabis use predicting RSB. Several of our hypotheses were supported by the results of the
study, and results inconsistent with our hypotheses also emerged. Specifically, a positive
association emerged between problems from cannabis use and RSB at high levels of risk-
taking on the CT-total and CT-gain trials, followed by average levels of risk disadvantageous
choices on the CT-total and CT-gain trials. At low levels of risk-taking on the CT-total and
CT-gain trials, the association between problems from cannabis use and RSB was not
significant. Additionally, an interaction emerged between problems from cannabis use and
externalizing symptoms in predicting RSB. At low levels of externalizing symptoms, the
strongest positive association emerged between problems from cannabis use and RSB,
followed by average levels of externalizing symptoms. At high levels of externalizing
symptoms, the positive association between problems from cannabis use and RSB
approached significance.

The results from this study are consistent with previous research studies suggesting that
more externalizing symptoms are associated with more RSB. Others have reported that
adults with a childhood diagnosis of an externalizing disorder have a greater number of
sexual partners and more unplanned pregnancies compared to adults without an
externalizing disorder diagnosis (Flory et al., 2006). The current study extends these findings
into adolescence.

Similarly, more problems from cannabis use were associated with more RSB. Findings are
consistent with studies that have documented the association between substance use disorder
symptoms and RSB (Ramrakha et al., 2000; Tapert et al., 2001). For example, adolescents
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involved in treatment for substance use disorders engaged in more RSB compared to a
sample of community controls (Tapert et al., 2001). Generally, our findings are consistent
with studies that have documented associations between RSB and amount, frequency, age of
initiation of cannabis use, and substance use disorder symptoms despite relying specifically
on an index of problematic cannabis use.

Unexpectedly, we did not find that poorer performance across decision-making tasks was
invariably related to RSB. More risk-taking during the CT-total and CT-gain trials was
associated with more RSB; this was not the case for the GDT or IGT. This could be due to
the CT being the only task that differentiates risk advantageous and disadvantageous
choices. Some research suggests that not all risk-taking during adolescence is impulsive or
hazardous, and that some risk-taking may be advantageous for various reasons, like
connecting with peers (Willoughby, Good, Adachi, Hamza, & Tavernier, 2014). Perhaps, it
is only engagement in disadvantageous risk-taking that is associated with RSB among
adolescents. Further investigation is necessary to clarify why results differ between the CT,
GDT, and IGT. As previously mentioned, the CT was specifically designed to measure
decision-making abilities, an aspect of executive functioning, in children and adolescents.
Thus, our findings are consistent, only in part, with previous findings that poorer executive
functioning is associated more RSB (Ross et al., 2016).

Interestingly, more risk disadvantageous choices on the CT-gain trials was approaching
significance in being associated with RSB, however there was no significant association
between CT-loss trials and RSB. These results suggest that adolescents who engage in more
disadvantageous risk-taking for a potential reward are more likely to engage in RSB.
Furthermore, more disadvantageous risk-taking to reduce the amount of reward lost was not
associated with RSB. These results are logical given the inherent risk associated with
engagement in RSB, but also the natural rewards as a result.

The CT and GDT were significantly correlated, while the IGT was not correlated with the
either the CT or GDT. These findings are consistent with previous studies reporting non-
significant correlations (ranging from 0.01 (Ross et al., 2016; Weller, Levin, & Bechara,
2010) to 0.57 (Brand, Recknor, Grabenhorst, & Bechara, 2007)) between the IGT and the
GDT or CT. Furthermore, the IGT was designed to examine decision-making in adults,
while the CT and GDT were designed for use in children and adolescents. In addition, the
IGT, unlike the CT and GDT, assesses decision-making when the risky and safe choices are
ambiguous. As such, the IGT is a more complex task compared to the CT and GDT, which
may not be able to differentiate poor or better decision-making among children or adolescent
samples.

Performance on the CT-total and the CT-gain trials appeared influential in the complex
associations between decision-making, problems from cannabis use, and RSB. Specifically,
more problems from cannabis use were associated with more RSB, at more and average
levels of risk-taking on the CT-total and the CT-gain trials. At low levels of risk-taking, there
was no association between problems from cannabis use and RSB. These findings suggest
that less risk-taking on the CT may be protective against engaging in more RSB, regardless
of problems experienced from cannabis use. This is consistent with another study of adults
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from our group that reported a significant positive association between amount of cannabis
use and RSB, but only among individuals who performed worse on a decision-making task
(Schuster et al., 2012).

Problems from cannabis use and externalizing symptoms interacted in predicting RSB.
Specifically, at levels of less externalizing symptoms, there was a stronger association
between problems from cannabis use and RSB compared to levels of average and high
externalizing symptoms. Specifically, among individuals with no or minimal externalizing
symptoms, more problems related to cannabis use were associated with more RSB. The
association between problems from cannabis use and RSB was weaker at average and higher
levels of externalizing symptoms. Individuals with externalizing disorders are more likely to
engage in RSB compared to individuals without an externalizing disorder (Flory et al.,
2006). However, several studies have also reported romantic relationship impairments
among young adults with externalizing disorders (Canu & Carlson, 2007; Canu & Carlson,
2003; Canu, Tabor, Michael, Bazzini, & Elmore, 2014), which is not surprising given the
well-documented social impairments among these individuals (Sibley, Evans, & Serpell,
2010). Specifically, young adults with ADHD are viewed as less desirable by confederates
compared to young adults without ADHD (Canu & Carlson, 2003). Difficulties establishing
romantic relationships and more overall risk-taking among individuals with externalizing
disorders might, in part, account for these results.

The current study also had several limitations. First, participants in the current study were
recruited to obtain a sample of adolescents who were at risk for escalation of cannabis use,
and few participants met diagnostic criteria for an externalizing disorder (e.g., ADHD =
3.4%). Our results may have differed if we would have specifically recruited a sample with a
more severe presentation of externalizing symptoms. However, given our reliance on a
continuous measure of externalizing symptoms and based on the variability of responses
observed, we hypothesize that these findings may generalize to patient groups that report
externalizing symptoms. In general, adolescents with externalizing disorders are poorer
reporters of their own competencies and symptoms (Smith, Pelham, Gnagy, Molina, &
Evans, 2000). The current study utilized a self-report measure of externalizing symptoms
and therefore may be less accurate compared to an informant report. Another limitation is
the low mean score of the MPS, suggesting that participants in our sample did not
experience many cannabis-related problems. This may have contributed to the small effects
reported in our study. Lastly, we did not control for other substance use in our analyses (e.g.,
alcohol, nicotine, or other drug use), though the sample was recruited for their preference for
cannabis and our primary measure of drug use-related behavior was specifically problems
from cannabis use.

Determining what neurocognitive factors predict or moderate predictors of RSB in a high-
risk population of adolescents will inform future prevention and intervention efforts. For
example, in the current study, decision-making performance moderated the association
between problems from cannabis use and RSB. Prevention and treatment programs may
benefit from tailoring specifically to an adolescent’s decision-making abilities. In other
words, interventions for adolescents who engage in less risk-taking on decision-making
tasks would focus on reducing other relevant psychosocial factors, whereas adolescents who
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engage in average and greater risk-taking on decision-making tasks would benefit from
cognitive training strategies. Unfortunately, few studies have examined the impact different
intervention strategies have on executive function. Goal Management Training, a
mindfulness-based approach, is effective at improving executive functioning among
individuals who have experienced traumatic brain injuries (Levine et al., 2011).
Incorporation of these strategies in the prevention and treatment of risk-taking behavior
among adolescents may result in more successful outcomes.
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Figure 1.
Simple slopes of the effects of MPS-total score on RSBQ-total score at different levels of

risk-taking on the CT
Note: CT = cups task. Observed values are jittered.
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Table 1:
Participant characteristics
n =204
Age 15.49 (0.68)
Years of Education 9.26 (0.86)
Years of Education (Mother) 14.14 (2.41)

WRAT-4 Reading Standard Score
Ethnicity/race (%)

Hispanic/Latino

Caucasian

African-American

More than one race

Other
Male (%)
Amount of Lifetime Nicotine (cigarettes; MD, IQR)
Amount of Lifetime Alcohol (1 serving; MD, IQR)
Amount of Lifetime Cannabis (g; MD, IQR)
Ever Used Cannabis (%)
Used Cannabis in Past Month (%)
Ever Used Alcohol (%)
Ever Used Nicotine (%)
Ever Used Other Drugs (%)
Marijuana Problems Scale Total Score
Current Cannabis Abuse Diagnosis (%)
Current Cannabis Dependence Diagnosis (%)
Current Alcohol Abuse Diagnosis (%)
Current Alcohol Dependence Diagnosis (%)
Current Other Drug Abuse Diagnosis (%)
Current Other Drug Dependence Diagnosis (%)
Past Cannabis Abuse Diagnosis (%)
Past Cannabis Dependence Diagnosis (%)
Past Alcohol Abuse Diagnosis (%)
Past Alcohol Dependence Diagnosis (%)
Past Other Drug Abuse Diagnosis (%)
Past Other Drug Dependence Diagnosis (%)
lowa Gambling Task
Cups Task (number of risk disadvantageous choices)
Game of Dice Task (risky choices)
Risky Sexual Behavior Questionnaire Total Score
Ever had oral sex (%)
Ever had vaginal sex (%)

Ever had anal sex (%)
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107.94 (14.46)

72.8
2.9

44

18.6

05

54.9
0(0,3)

10 (1, 65.5)
8.05 (0.51, 81.8)
79.9

55.4

84.3

446

335

3.05 (3.84)
11.7

2.9

1.0

1.0

0.0

0.0

14.2

7.4

2.9

15

15

15

-1.37 (23.71)
9.90 (4.00)
7.72 (5.20)
4.06 (5.59)
60.3

448

7.4
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n =204

Externalizing Problems Total Score (YSR) 14.03 (8.05)

Note: All values are means and standard deviations unless otherwise specified. WRAT = Word Reading Achievement Test, MD = median, IQR =
interquartile range,
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