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Abstract

Risky sexual behavior (RSB) is a current public health concern affecting adolescents and young
adults. Conduct disorder, cannabis use and decision making (DM) ability are interrelated
constructs that are relevant to RSB; however, there is little research on the association of DM and
RSB. Participants were 79 cannabis users assessed through self-report measures of RSB and
mental health, and a timeline follow-back procedure for substance use. DM ability was assessed
via the lowa Gambling Task. We found that more conduct disorder symptoms accounted for
unique variance in measures of overall RSB and an earlier initiation of oral sex, even when taking
into account DM and cannabis use. Amount of cannabis use and DM ability moderated the
relationships between number of conduct disorder symptoms and number of oral sex partners and
age of initiation for vaginal sex. An increase in conduct disorder symptoms was associated with
more oral sex partners when DM was poor and fewer partners when DM was better, however this
relationship was only present at higher levels of cannabis use. Furthermore, when DM was poor,
more conduct disorder symptoms predicted a younger age of initiation of vaginal sex, with the age
decreasing as amount of cannabis use increased. Determining how DM influences RSB may assist
in the identification of novel treatment approaches to reduce engagement in RSB.
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Introduction

Risky sexual behavior (RSB), defined as sexual behavior without the use of protection (e.g.,
condom, birth control pills), casual sex, multiple sexual partners and sexual behavior under
the influence of alcohol and drugs (Eaton et al., 2012), is prevalent among emerging adults.

"Correspondence may be sent to J. Megan Ross at the Center for Children and Families, Florida International University, 11200 SW
8th Street, AHC1 Rm. 140, Miami, FL, 33199, telephone: 305-348-0091, jmross@fiu.edu..



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ross et al.

Page 2

RSB can have a significant negative impact on an individual's quality of life and contributes
to widespread public health problems. Engagement in RSB is more common among young
adults compared to other ages and can result in sexually transmitted infections (STIs),
including HIV, and unplanned pregnancies. Young adults comprise around half of new STIs
diagnosed and 26% of new HIV diagnoses in the United States (CDC, 2011). Individuals
who engage in sexual intercourse during early adolescence are more likely to contract a STI
(Andersson-Ellstrom, Forssman, & Milsom, 1996; Coker et al., 1994; Kaestle, Halpern,
Miller, & Ford, 2005), to engage more frequently in sexual behavior compared to their peers
(Durbin et al., 1993), and to have multiple sexual partners (Andersson-Ellstrom et al., 1996;
Coker et al., 1994; O'Donnell, O'Donnell, & Stueve, 2001). Moreover, adolescents and
young adults often fail to consistently use condoms (Leichliter, Chandra, Liddon, Fenton, &
Avral, 2007). The factors contributing to RSB are varied and complex, consisting of both
psychosocial characteristics and environmental factors. Understanding factors that may
contribute to engagement in RSB among emerging adults may help to identify and develop
novel approaches for intervention and prevention. In this study, we examine the influence
and interactions among cannabis use, conduct disorder symptoms, and decision making
(DM) performance on various forms of RSB among young adult cannabis users.

Substance use is a well-known risk factor for engagement in RSB (Bellis et al., 2008;
Brodbeck, Matter, & Moggi, 2006; Davis et al., 2009; Santelli, Brener, Lowry, Bhatt, &
Zabin, 1998; Tapert, Aarons, Sedlar, & Brown, 2001; Toplak, Sorge, Benoit, West, &
Stanovich, 2010). Although it is well documented that alcohol use is related to RSB, and in
particular related to the multiple and casual sexual partners (Cooper, 2002), less is known
about the relationship between cannabis use and RSB. Few studies have investigated how
other factors known to be associated with RSB might interact with cannabis use to predict
RSB. Individuals who use cannabis are more likely to engage in RSB, including decreased
intentions to use protection, compared to non-users (Brodbeck et al., 2006). In addition,
individuals who use cannabis have more sexual partners and engage in more HIV risk
behavior than individuals who do not use cannabis (Bechara, Damasio, Damasio, & Lee,
1999; Bonar et al., 2014; Castilla, Barrio, Belza, & de la Fuente, 1999; Poulin & Graham,
2001; Staton et al., 1999). The importance of studying RSB among cannabis users is further
underscored by the prevalence of its use among teens and young adults (SAMHSA, 2013)
and mounting changes in state laws facilitating legal access (Cerda, Wall, Keyes, Galea, &
Hasin, 2012).

Conduct disorder is an externalizing psychiatric diagnosis that is characterized by a
recurring pattern of behavior that violates rules, regulations or the rights of others. Some
symptoms of conduct disorder include property destruction, lying, and stealing (APA, 2013)
and it is a well-established predictor of RSB (Bryan, Schmiege, & Magnan, 2012; Flory,
Molina, Pelham, Gnagy, & Smith, 2006; Ramrakha et al., 2007; Tubman, Gil, Wagner, &
Avrtigues, 2003; Weber, Elfenbein, Richards, Davis, & Thomas, 1989). Individuals with
conduct disorder are more likely to exchange sex for money and drugs and have more sexual
partners compared to those without this diagnosis (Booth & Zhang, 1997; Flory et al., 2006).
Additionally, males with a childhood diagnosis of conduct disorder are more likely to have
sex with someone they have known less than twenty-four hours and to have an unplanned
pregnancy compared to those without a childhood diagnosis of conduct disorder (Flory et
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al., 2006). The few studies to date that have examined interactions between conduct disorder
and cannabis use report that both predict greater engagement in RSB (Bryan & Stallings,
2002), including absence of condom use during last sexual intercourse among juvenile
delinquents who used cannabis prior to sexual engagement (Bryan, Schmiege, & Magnan,
2012).

DM, defined as how an individual makes a choice with ambiguous consequences that
requires a tradeoff between reward and risk (Bechara, 2007), is a promising construct to
examine in relation to RSB but has received little attention to date. Performance on
measures of DM is subserved by brain circuits involving orbitofrontal cortex, anterior
cingulate, insula, secondary somatosensory cortex, and hippocampus (Bechara, 2005;
Bechara, Damasio, Damasio, & Anderson, 1994; Bechara, Damasio, & Damasio, 2000).
Damage and dysfunction to these brain systems have been associated with disinhibited
behavior and poor social comportment, including socially inappropriate sexual behavior
(Spinella, 2007). Thus, it is possible that poor DM may be related to engagement in RSB or
may moderate relationships between conduct disorder symptoms and RSB and between
cannabis use and RSB. To our knowledge, only one study has specifically examined how
DM influences RSB among cannabis users (Schuster, Crane, Mermelstein, & Gonzalez,
2012). The study sample consisted of young adult cannabis users (derived from the same
larger study as the subjects in the current investigation) and results demonstrated that greater
amounts of recent cannabis use was associated with more RSB, but only among those
individuals with poorer DM performance, as measured by the lowa Gambling Task.
Similarly, other studies have found that more cannabis use is associated with more negative
consequences from RSB, but only among those with poorer performance on the Balloon
Analogue Risk Task (BART), which evaluates risk-taking in “real time” (Lejuez et al.,
2002). Performance on the BART has been found to be associated with RSB among
individuals in residential substance use treatment and typically developing young adults
(Lejuez et al., 2002; Lejuez, Simmons, Aklin, Daughters, & Dvir, 2004).

Despite evidence to suggest that conduct disorder, cannabis use, and DM may all contribute
to greater engagement in RSB, to our knowledge, no published studies have focused on
examining these three variables and their interactions simultaneously. Number of conduct
disorder symptoms, cannabis use, and DM abilities are likely interrelated. Compared to
individuals with fewer symptoms of conduct disorder, those with more symptoms of conduct
disorder engage in greater amounts of drug use and are more likely to meet criteria for a
substance use disorder (Brown, Gleghorn, Schuckit, Myers, & Mott, 1996; Giancola,
Mezzich, & Tarter, 1998; Knop et al., 2009; Molina, & Pelham, 2003; Molina, Bukstein, &
Lynch, 2002), including cannabis dependence (Crowley, Macdonald, Whitmore, &
Mikulich, 1998). Cannabis use and DM are associated as well. Individuals who use cannabis
are more likely to perform poorly on DM tasks by choosing more risky options (Grant,
Chamberlain, Schreiber, & Odlaug, 2012; Hermann et al., 2009; Whitlow et al., 2004).
Similar to cannabis users, those with conduct disorder perform more poorly on DM tasks
compared to those without conduct disorder (Fairchild et al., 2009). Given that number of
conduct disorder symptoms, cannabis use, and DM abilities are associated, it is important to
study the three variables together in relation to RSB in order to uncover how these variables
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interact with each other, as well as to understand how each variable may condition
relationships between the other variables and RSB.

The current study was conducted to determine the influence of the amount of cannabis use,
number of conduct disorder symptoms, and DM ability (as well as their interactions) on
RSB among a sample of young adult cannabis users. Amount of cannabis use, conduct
disorder symptoms, and DM were included as predictors in the model for two reasons. First,
the current literature suggests these two variables are theoretically relevant to engagement in
RSB and are known predictors, but are rarely examined simultaneously (revealing their
unique variance) with regards to RSB. Second, few studies have assessed number of conduct
disorder symptoms concurrently with cannabis use in relation to RSB. We hypothesized that
all three variables would account for unique variance in RSB and humber of conduct
disorder symptoms would be the strongest predictor given current evidence. However, we
anticipated that relationships between conduct disorder and RSB, as well as those between
cannabis use and RSB will be moderated by DM performance. Individuals with poorer DM
and high cannabis use will have a stronger relationship between conduct disorder symptoms
and RSB compared to those with better DM and low cannabis use. Because all sexual
behaviors are not equally risky (Varghese, Maher, Peterman, Branson, & Steketee, 2002),
we explore the aforementioned relationships across a variety of sexual behaviors that vary in
their risk (i.e., oral, vaginal and anal sex), as well as with other variables considered to be
RSB (e.g., greater number of partners and earlier age of initiation).

Methods

Participants

Participants were 79 cannabis users who were 17 to 24 years old and recruited from the
Chicago metropolitan area. All were subjects in a larger study on cannabis use and
neurocognition (Pl: RG). A small subset was recruited from a longitudinal study about the
socio-emotional context of adolescent smoking (PI: Robin Mermelstein). The study was
advertised through flyers posted throughout the community and through word of mouth.
Demographic information for the sample of participants is located in Table 1.

Inclusion and exclusion criteria were chosen to minimize potential confounds that may
influence neuropsychological performance. Inclusion criteria were having more than 8 years
of education, being fluent in English, and having an estimated 1Q at or greater than 75. All
participants were cannabis users who identified cannabis as their drug of choice, used
cannabis more than 200 times in their lifetime, used cannabis at least 4 times per week
during their peak use, and had used cannabis in the 45 days prior to the lab visit. All
participants reported some past engagement in sexual behavior. Participants were excluded
if they were currently taking any psychotropic medications, had a history of developmental
disorder, learning disability, or neurological injury or disorder. Individuals were excluded if
they endorsed using other drugs (except for cannabis, nicotine, alcohol or hallucinogens)
more than 10 times in their lifetime or at all during the 30 days prior to the lab visit (except
for cannabis, nicotine, or alcohol). During the visit to the lab, all participants underwent
rapid 10-panel urine toxicology testing (to test for cocaine, opiates, propoxyphene,
phencyclidine, methadone, ecstasy, barbiturates, benzodiazepines, oxycodone, and THC; 10-
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panel Drug Check Cup; Express Diagnostics, Blue Earth, Minnesota) and participants were
excluded if they tested positive for any substance other than cannabis. Seventy-eight percent
of participants tested positive for THC, which had a 5-ng/ml limit of detection for 11-nor-
A9-THC-9-COOH, and no participant tested positive for any other drugs. On an alcohol
breath test (AlcoMate Prestige, Model AL6000; Palisades Park, NJ), participants did not
evidence significantly elevated breath alcohol levels and none showed signs of intoxication.
Participants were also excluded for a history of lifetime abuse or dependence for any other
substance (except for nicotine or alcohol). No participant met criteria for current alcohol
dependence and only 7 (9%) participants met criteria for current alcohol abuse. Only 3 (4%)
participants met criteria for past alcohol dependence and 18 (23%) for past alcohol abuse.
Participants were asked to abstain from cannabis use for at least 24 hours prior to their
evaluation to minimize acute effects or withdrawal symptoms during testing.

All study procedures and protocols were approved by the Institutional Review Board at
University of Illinois at Chicago and at Florida International University. All participants
gave informed consent or received parental consent and adolescent assent, when applicable,
to participate in this study. The assessment for this cross-sectional study consisted of
structured interviews, self-report questionnaires and neurocognitive measures which were
obtained during that same visit to the laboratory. All participants received monetary
compensation for participation in the project.

Demographics and Mental Health—Demographic information was collected on age,
gender, race, years of education, household income, and parental education and income. Full
scale 1Q was estimated with the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001).
The Wender-Utah Rating Scale (WURS) was used to assess for symptoms suggestive of
ADHD (Ward, Wender, & Reimherr, 1993). The Barratt-Impulsiveness Scale was used to
assess personality dimensions of impulsiveness (Patton, Stanford, & Barratt, 1995).
Symptoms of depression were assessed with the Beck Depression Inventory-2"d Edition
(Beck, Steer, Ball, & Ranieri, 1996) and symptoms of anxiety were assessed with the Beck
Anxiety Inventory (Beck & Steer, 1990). Mood disorders were also assessed with the
Structured Clinical Interview for DSM-IV (SCID) which included assessment of both
bipolar disorder and depression. A self-report screener based off of the SCID was used to
assess for the number of conduct disorder symptoms (First, Spitzer, Gibbon, & Williams,
2002) for each participant and the total number was used to quantify number of conduct
disorder symptoms in our analyses.

Substance Use—Detailed substance use history (number of times and amount of use for
lifetime, past year, and past 30-days) was obtained from participants using the Drug Use
History Questionnaire which was based off of timeline follow-back procedures (Gonzalez et
al., 2004; Rippeth et al., 2004). Substance use was evaluated for 13 different classes of
substances including alcohol, nicotine, cannabis, benzodiazepines, hallucinogens, opiates,
cocaine and other substances. Average amount of cannabis use (in grams) per year (i.e., the
total amount of lifetime cannabis use in grams divided by the number of years that the

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ross et al.

Page 6

participant reported using cannabis) was used as a predictor in the analysis. We chose
average amount of cannabis use per year as the index of use for this study as opposed to
total amount of lifetime use, as we were more interested in the intensity of cannabis use
among the participants and wanted to control for effects of duration of use on cumulative
lifetime estimates.

Risky Sexual Behavior—Two self-report measures were used to assess RSB among the
participants. The HIV Risk-Taking Behavior Scale (HRBS) measured overall HIV risk
behavior using 12 multiple choice questions (Darke, Hall, Heather, Ward, & Wodak, 1991)
including total number of sexual partners, use of dirty needles, and frequency of condom use
or other forms of protection. As used in a study by Schuster and colleagues (2012), the
Risky Sexual Behavior Questionnaire (RSBQ) is based on the AIDS Risk Behavior
Assessment (Donenberg, Emerson, Bryant, Wilson, & Weber-Shifrin, 2001) and is a
detailed interview about the individual's past sexual history. Responses from the RSBQ were
quantified to generate four subscales: 1) drug use interfering with safe-sex practices, 2)
frequency of protection or prevention methods, 3) sexual risk (e.g., number of partners), and
4) consequences from RSB (e.g., STIs and unplanned pregnancies). A composite was
generated based on the sum of the three subscales that indicated involvement in RSBs (i.e.,
sexual risk, frequency of protection and consequences). Amongst other items, RSBQ
includes questions about total number of oral, vaginal and anal sex partners as well as age of
initiation of oral, vaginal and anal sex. Analyses were run with each of the dependent
variables (i.e., RSBQ-total, HRBS-total, and age of initiation and number of partners
separately for oral, vaginal and anal sex).

Decision Making Task—The lowa Gambling Task (IGT; Bechara et al., 1994) was used
to assess DM. The IGT was developed to assess DM under conditions of ambiguous risk and
was initially tested to capture impairments among individuals with lesions in the
orbitofrontal cortex. Participants choose between four decks of cards in which the
participant will win some money and sometimes lose money as well. Directions given to the
participants included that some decks are better than others. More choices of “good decks”
will yield a positive total while more choices from the “bad decks” will yield a negative total
at the end of the game. Substance abusers perform more poorly on the IGT compared to
healthy controls on a variety of substances (Bechara et al., 2001; Gonzalez, Bechara, &
Martin, 2007; Grant, Contoreggi, & London, 2000). Our variable of interest was the total net
score (calculated as choices from good decks minus choices from bad decks); we used
published demographically corrected T-scores for our analyses (Bechara, 2007).

Statistical Analysis

All analyses were conducted in SPSS 19.0 using multiple linear regression or negative
binomial regression (Coxe, West, & Aiken, 2009). When considering relevant covariates,
sex and race/ethnicity were not included in the analyses based on results of recent large
epidemiological studies that suggests that there are few gender and racial or ethnic
differences in the prevalence of cannabis use (Johnston et al., 2014) or engagement in RSB
among young adults (Kann et al., 2014). The effects of age as a covariate were examined in
analyses that employed total number of partners, RSBQ-total, and HRBS-total as dependent
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variables. Age was not included as a covariate for age of initiation for specific sexual
behaviors. Across all analyses, predictor variables (all analyzed continuously) included total
number of conduct disorder symptoms, average amount of cannabis use per year (in grams)
and DM performance, as well as all two-way and three-way interactions. All independent
variables were mean-centered. Separate regression analyses were conducted for each
dependent variable. The first analysis examined relationships among our independent
variables and overall RSB, using RSBQ-total and HRBS-total as dependent variables in two
separate multiple linear regressions. The second set of analyses employed total number of
partners for the various sexual behaviors as dependent variables, with the same independent
variables. Due to the positively skewed distributions of number of sexual partners for oral,
vaginal, and anal sex, these analyses were conducted using negative binomial regression
(Coxe et al., 2009). Finally, we examined the influence of the same set of independent
variables on the age of initiation across the various sexual behaviors queried. For the latter,
data were included only for those participants that endorsed engaging in the particular
behavior (oral, n = 62 and vaginal, n = 62). Age of initiation of anal sex was not examined
due to the few participants reporting this behavior (n = 20).

Intercorrelations among independent variables was low (< .34), indicating absence of
multicolinearity. Several approaches were used to reduce the influence of potential outliers.
First, negative binomial regressions were used for count outcome data (number of partners
for oral, vaginal and anal sex). Second, we used bootstrapped regression models. Third, the
cannabis use variable underwent square-root transformation for our analyses. Finally,
DFBETAS were analyzed for all statistically significant results and revealed three potential
outliers (DFBETAS ranging from 1.04 — 1.48) among the various analyses conducted. In
these instances, models were run again after Winsorizing values for a specific outlier. In all
instances the same analyses remained statistically significant after Winsorization.

For all significant interactions, a simple slope difference test was conducted to determine the
change in RSB associated with a one symptom increase in conduct disorder symptoms at
varying levels of cannabis use and DM ability (Aiken & West, 1991). Levels of cannabis use
were set to correspond to one standard deviation above the mean (labeled as “high” cannabis
use), one standard deviation below the mean (labeled as “low” cannabis use) and to the
mean of the sample (labeled as “medium” cannabis use). For the current sample, the levels
of cannabis use were 746, 327 and 7 grams per year for high, medium and low, respectively,
which correspond to approximately 373, 164, and 3.5 joints per year. Levels of IGT
performance were set at one standard deviation above the mean (labeled as “better” DM) or
one standard deviation below the mean (labeled as “poorer” DM). For the current sample,
this corresponded to a T-score of 54.4 and 36, respectively. Post-hoc analyses were run on
each significant interaction to determine the level of significance of the independent
variables by simple slope difference tests. Only when the three-way interaction was not
significant were two-way interactions or main effects examined and interpreted.
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Results
Overall HIV-Risk Behavior

The three-way interactions between number of conduct disorder symptoms, amount of
cannabis use on RSBQ-total (p = .33) and HRBS-total (p = .25) were not significant. In
addition, there were no significant two-way interactions observed; however, number of
conduct disorder symptoms predicted RSBQ-total, p = 2.89 (.45), eP = 17.94, SE = .92, t
(71) = 3.14, p < .01, and HRBS-total, = .54 (.38), e = 1.71, SE = .22, t (71) = 2.48,p =..
02. Specifically, an increase in one conduct disorder symptom predicted an increase of 2.89
and .54 in RSBQ-total score and HRBS-total score, respectively.

Number of Partners for Different Sexual Behaviors

Negative binomial regressions were conducted to determine if interactions among conduct
disorder symptoms, amount of cannabis use and DM or the main effects of these variables
predicted the number of partners for oral, vaginal, and anal sex. A significant three-way
interaction was observed between number of conduct disorder symptoms, amount of
cannabis use and DM performance when predicting number of partners for oral sex (p =.
003), but not when predicting vaginal (p =.73) or anal (p = .10) sex. However, the model for
number of anal sex partners did not produce interpretable results due to a non-positive
definite Hessian matrix, which was likely related to the extremely low variance of the
outcome variable. The significant three-way interaction for number of oral sex partners
remained significant when age was added as a covariate (p = .001).

The significant three-way interaction for number of oral sex partners was followed up with a
simple slope difference test (Figure 1), which revealed that with poorer DM performance, an
increase in conduct disorder symptoms was associated with more oral sex partners for those
with high (B = .31, eB = 1.36, SE = .11, Wald's 42 (71) = 7.46, p = .006) and medium levels
of cannabis use (B = .28, eP = 1.32, SE = .10, Wald's 42 (71) = 7.00, p = .008). In contrast,
we were surprised to see that at better DM performance, more conduct disorder symptoms
were associated with fewer oral sex partners for those with high (3 = -.74 , eP = .48, SE =
25, Wald's 42 (71) = 8.84, p = .003) and medium levels of cannabis use (p = —.27 , e = .76,
SE = .12, Wald's 42 (71) = 4.79, p = .029). In other words, at medium and high levels of
cannabis use, a greater number of conduct disorder symptoms was associated with opposing
relationships with number of oral sex partners that were based on DM performance. At
poorer levels of DM, more conduct disorder symptoms were associated with more oral sex
partners, and at higher levels of DM, more conduct disorder symptoms were associated with
fewer oral sex partners. Relationships between conduct disorder symptoms and number of
oral sex partners were not significant at low levels of cannabis use. Although a significant 2-
way interaction was observed between cannabis use and DM performance when predicting
number of vaginal sex partners, the follow-up simple slope analyses were not significant.

Exploratory Analyses on Age of Initiation for Different Sexual Behaviors

Because of the few participants reporting anal sex (n = 20), analyses examining age of
initiation of various sexual behaviors focused only on onset of vaginal and oral sex. A
significant three-way interaction between number of conduct disorder symptoms, amount of
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cannabis use, and DM performance was observed when predicting age of initiation for
vaginal (p = .018), but not oral (p =.126) sex. Two-way interactions were not significant for
age of initiation for oral sex. However, number of conduct disorder symptoms was
significant in predicting age of initiation for oral sex, with an increase of one conduct
disorder symptom decreasing the age of initiation for oral sex by .33 years, = —.33 (-.34),
ef=.72,SE = .15,1(71) = -2.19, p = .03.

A simple slope difference test was conducted on age of initiation for vaginal sex. When DM
was poor, each additional conduct disorder symptom was associated with a .86 to 1.12 year
decrease in age of initiation at medium (B = -.86 (-.80), e = .42, SE = .23, t(71) = -3.74, p
<.01), and high levels of use (B = —1.12 (-1.04), e = .33, SE = .23, t(71) = -4.94, p < .01),
with effect sizes growing larger with more cannabis use. In other words, at poor DM levels,
more conduct disorder symptoms was associated with younger age of initiation for vaginal
sex. At the levels of poor DM and low cannabis use, conduct disorder symptoms were not
related to age of vaginal sex initiation. At the better level of DM, there were no significant
relationships between number of conduct disorder symptoms and age of vaginal sex
initiation regardless of cannabis use level (refer to Figure 2). Refer to Table 2 for all
regression coefficients for the analysis and Table 3 for simple slope difference tests of the
regression coefficients for the significant three-way interactions.

Discussion

RSB, especially among adolescents and young adults, is a pressing concern given that this
age group constitutes approximately 50% of the individuals who contract an STI within a
given year (Control, 2011). The current study was conducted to assess the associations and
interactions of three theoretically relevant variables (i.e., cannabis use, conduct disorder
symptoms, and DM performance) on various indicators of RSB with the goal of identifying
further targets for intervention. Generally, based on the existing literature and our prior
work, we anticipated significant associations between all three variables and RSB, as well as
moderating effects of DM on relationships between cannabis use and conduct disorder
symptoms on RSB. However, we anticipated that relationships may differ based on the
specific RSB examined. Our hypotheses were partially supported by our results. We found
significant relationships only between conduct disorder symptoms and measures of overall
RSB. Symptoms of conduct disorder were also directly related to a younger age of initiation
for vaginal sex. Thus, only symptoms of conduct disorder appeared to have direct
relationships with any measure of RSB when controlling for cannabis use and DM
performance. Nonetheless, levels of cannabis use and DM were not inconsequential.
Specifically, only at a high and medium level of cannabis use did we find relationships
between conduct disorder symptoms and number of oral sex partners, and this relationship
was contingent on DM performance. More conduct disorder symptoms was associated with
more oral sex partners among those with poorer DM, but the opposite was the case among
those with better DM. Complex interactions among our independent variables were also
observed for age of initiation of vaginal sex. Vaginal sex was initiated at earlier ages with
increasing conduct disorder symptoms, but only among those with poorer DM ability. The
magnitude of this effect appeared to increase with higher levels of cannabis use.
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Relationships between conduct disorder symptoms and RSB (including earlier sexual debut)
are well established (Flory et al., 2006; Morris, Baker, Valentine, & Pennisi, 1998;
Timmermans, Van Lier, & Koot, 2008; Woodward & Fergusson, 1999). However, few
studies have examined how cannabis use and laboratory measures of DM influence the
association between conduct disorder symptoms and RSB. Seminal work by others has
revealed that greater levels of cannabis use in individuals with conduct disorder is associated
with steeper declines in condom use over time (Bryan et al., 2012). However, we are aware
of only one other study that investigated associations between neurocognitive performance
(assessed via a laboratory task that captures real-time performance) and cannabis use on
RSB, and it revealed that more cannabis use was associated with more RSB only among
individuals with poorer DM (Schuster et al., 2012). The significant interactions in the
current study are consistent with previous work suggesting that increases in conduct disorder
symptoms are associated with some RSBs. Although these variables have never been
evaluated at the same time in a study, the findings that more cannabis use and poorer DM is
associated with some sexual behavior is consistent with previous research on these factors.

One possible mechanism underlying the moderating effects of DM and cannabis use on the
relationship between number of conduct disorder symptoms and age of initiation for vaginal
sex and number of oral sex partners could be explained by the two subtypes of conduct
disorder (i.e. childhood onset and adolescent onset subtypes). Childhood onset is diagnosed
when symptoms occur before the age of 10 while adolescent onset is diagnosed when
symptoms occur after age (APA, 2013). Individuals diagnosed with childhood onset conduct
disorder typically have worse outcomes, for example, greater substance dependence, more
criminal offending (Moffitt, Caspi, Harrington, & Milne, 2002) and greater neurocognitive
impairments compared to individuals with adolescent onset (Moffitt & Caspi, 2001; Raine et
al., 2005). Perhaps the relationship between conduct disorder and RSB moderated by DM
and cannabis use may be due in part to individuals with childhood onset conduct disorder.
Since those with childhood onset have more neurocognitive impairments and greater
substance use, it may be the case that this relationship is only apparent for those with
childhood onset. This theory is speculative and will need future studies to determine the
association between the subtypes of conduct disorder and the variables of interest in this
study. Additionally, this study did not examine whether participants met full criteria for
conduct disorder, as our study only evaluated number of conduct disorder symptoms. Future
research will need to examine if a diagnosis of conduct disorder yields similar findings.

Only number of conduct disorder symptoms predicted overall RSB scores regardless of the
level of cannabis use and DM performance. As discussed previously, conduct disorder is
characterized by risky behavior like fighting, stealing and fire-setting. Those with a conduct
disorder diagnosis perform more poorly on measures of risk-taking via neurocognitive
laboratory tasks (Crowley, Raymond, Mikulich-Gilbertson, Thompson, & Lejuez, 2006).
The relationship between conduct disorder and overall RSB might be explained by a
vulnerability towards risk-taking behavior among individuals with conduct disorder. It may
be that those with conduct disorder symptoms who engage in RSB are aware of the risk and
choose to proceed anyways. Thus, conduct disorder symptoms appear to directly influence
overall RSB. However, the influence of conduct disorder on more specific measures of
RSBs (i.e., oral and vaginal sex) is conditioned by DM and amount of cannabis use, at least
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in this sample of cannabis users. It may be that the willingness to take risk for sexual
pleasure increases as a consequence of conduct disorder severity.

Our results should be taken in light of some considerations. First, some of our analyses
suffered from relatively small sample sizes, namely those examining age of initiation.
Analyses on overall sexual risk and number of partners were able to take into account all
participants in the sample, but analyses of age of initiation only included those individuals
who had endorsed engaging in a particular behavior. Thus, we had less power to detect
significant effects in the latter; however, the sample sizes are adequate for our analyses and
would only present a conservative bias in detecting small effects (with the exception of age
of initiation of anal sex). Relatedly, there was a very narrow range reported for number of
anal sex partners in this sample, which therefore yielded uninterpretable results in one
instance. Second, the study sample only included individuals who primarily used cannabis
while non-cannabis users were not included. Although this limits generalizing to young
adults who may primarily use other substances or those who do not use any cannabis, this
was by design, as our goal was to better understand factors that influence RSB among this
particular population. However, consistent with the results of others (Bryan et al., 2012), it is
worth noting that engagement in RSB among participants in our sample, were somewhat
elevated compared to normative samples. For example, among normative samples of young
adults (age 18-22), the mean number of vaginal sex partners is 4.45 (Guo, Tong, Xie, &
Lange, 2007); however, the mean number of vaginal sex partners in our sample is 7.76.
Third, it is worth noting that DM performance was captured in “real-time” during the study
visit, whereas measures of RSB, conduct disorder symptoms, and cannabis use were based
on retrospective self-report. Additionally, data were not collected on whether participants
used cannabis at the same time as engaging in a particular sexual behavior, thus we were
unable to determine if cannabis use and RSB occurred concurrently. Fourth, number of
conduct disorder symptoms was used as the predictor variable and information about the age
of onset of these symptoms or whether the participant met diagnostic criteria for the disorder
was not obtained. Future research on the neurocognitive predictors of RSB should
concentrate on replicating these findings with a longitudinal design among different
populations, such as younger adolescents or a clinical sample of individuals with diagnosed
conduct disorder. Determining the neurocognitive predictors at younger ages will have
important implications for prevention because determining whether poor DM could predict
if someone is more likely to engage in RSB and subsequently if changing these maladaptive
patterns of DM could prevent negative consequences. Nonetheless, our results still present
valuable information about the association of conduct disorder symptoms and RSB and the
moderating effects of cannabis use and DM ability.

The findings of this study have several clinical and policy implications. For example, we
found that number of conduct disorder symptoms was the only predictor of overall RSB
among the variables we examined. This suggests that interventions focusing on reducing
delinquency may have a greater impact on reducing RSB than those focused on reducing
cannabis use or improving DM. However, the recommendations may be different if an
intervention is designed to target a specific RSB (i.e., oral or vaginal sex) or those aimed to
delay age of engagement in specific RSBs among more regular cannabis users. Under those
circumstances, strategies for improving DM may help to minimize the impact of conduct
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disorder symptoms on RSB among cannabis users. A pilot study implementing Goal
Management Training and Mindfulness in combination has successfully improved executive
functions, for example DM assessed by the IGT, in a sample of abstinent drug abusers
(Alfonso, Caracuel, Delgado-Pastor, & Verdejo-Garcia, 2011). Behavioral treatments
targeting reduction in conduct disorder symptoms and cannabis use might also prove
beneficial in reducing STIs and unplanned pregnancies among youth. Neurocognitive
performance may be one assessment tool in an assessment battery to evaluate those who are
at risk for engaging in RSB. DM abilities is one potential way to distinguish those who will
engage in more risk behavior (RSB or experimenting with other drugs) or are more likely to
continue engagement in risk behavior after adolescence, a time in which engagement in
risky behavior is seen in greater amounts and perceived as normal (Steinberg, 2004).
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Simple slopes of the effect of conduct disorder symptoms on number of oral sex partners
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Figure2.
Simple slopes of the effect of conduct disorder symptoms on age of initiation of vaginal sex
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Table 1

n=79

Age
Years of Education
Years of Education (Mother)
WTAR FSIQ
Ethnicity/race (%)
White (Hispanic)
African-American
Other
Male (%)
Annual Household Income
Number of conduct disorder symptoms (MD, IQR)
Average amount per year of cannabis use (in grams; MD, IQR)
RSBQ-Total
HRBS-Total
Lifetime number of oral sex partners (MD, IQR)
Lifetime number of vaginal sex partners (MD, IQR)
Lifetime number of anal sex partners (MD, IQR)
Age of initiation of oral sex
Age of initiation of Vaginal Sex
lowa Gambling Task (total net raw score)

lowa Gambling Task (T-score)

20.8 (1.8)
13.3 (1.7)
14.1 (2.9)
100.9 (11.7)

48 (15)

38

14

64

41K (40K)
2.0 (1.0, 3.0)
144,33 (48.25, 490.00)
17.82 (13.4)
76(3.1)
40(2.0,7.5)
6.0 (3.0, 10.0)
0.0(0,1)
16.1 (2.0)
16.0 (2.2)
4.1(27.8)
452(9.2)

Note: All values are means and standard deviations unless otherwise specified. MD = median; IQR = interquartile range; FSIQ = full scale 1Q;
RSBQ = Risky Sexual Behavior Questionnaire; HRBS = HIV-Risk Behavior Scale; WTAR = Wechsler Test of Adult Reading.
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Table 2

Unstandardized regression coefficients (if available standardized regression coefficients in parenthesis) of
main and interaction effects predicting different RSB outcomes

RSBQ-Total HRBS-Total Age of Vaginal Sex Ageof Oral Sex Number of Number of Oral
Initiation Initiation Vaginal Sex Sex Partners

Partners (NB) (NB)

cb 289(45)  0.54(0.35) -0.34(-0.32) -0.33 (-0.34) 0.08 0.00

DM 0.04 (.02)  -0.06 (-0.16) 0.00 (0.01) -0.04 (-0.16) 0.02 0.03

cu 0.07 ((.06)  -0.04 (-0.12) -0.02 (-0.08) 0.03 (0.13) 0.02 -0.02

CD x DM 0.03 (.26) 0.01 (0.04) 0.06 (0_41)** 0.03 (0.27) 0.00 _0_03**

CD x CU 0.19 (.25) 0.00 (0.00) 0.02 (0.16) 0.02 (0.19) 0.01 -0 02*

CU x DM 0.03 (.26) 0.00 (~0.00) -0.00 (-0.14) -0.01 (-0.30) 0.00" 0.01"

*

CDxCUxDM  0.01(.16) 0.00 (0.00) 0.00 (0.32) 0.00

* *
0.01 (0.47) -0.00

Note: CD = conduct disorder, CU = cannabis use and DM = DM, NB = negative binomial analysis.

*
p-value < .05

* %
p-value <.01
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Table 3

Summary of unstandardized regression coefficients (if available standardized regression coefficients in
parenthesis) for simple slope difference tests of conduct disorder symptoms on RSB based on level of
cannabis use and DM ability

Low CannabisUse Medium CannabisUse High Cannabis Use

Total Number of Oral Partners

Poor DM 0.25 0.28** 031**

* **
Better DM 0.20 ~0.27 ~0.74

Age of Initiation for Vaginal Sex

_ _ *% *k
Poor DM 0.61 (-0.57) -0.86 (-0.80) -1.12(-1.04)

Better DM ~0.53(-0.49) 0.19 (0.17) 0.90 (0.84)

p-value < .05

* %
p-value < .01
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