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Abstract
Despite strong evidence of the relationship between conduct disorder (CD) symptoms and substance use, it is unclear how 
callous–unemotional (CU) traits predict substance use over and above CD symptoms, and their potential interaction. This 
study used data from 753 participants followed from grade 7 to 2-years post-high school. Latent growth curve models showed 
that CU traits predicted the onset of cigarette use, alcohol misuse, and a substance use composite at grade 7 only when no CD 
symptoms were present. Among those without CD symptoms, boys showed greater change in the odds of using cigarettes, 
and were more likely to misuse alcohol or use any substance at grade 7 than girls. However, CD symptoms, CU traits, and 
their interaction did not predict the linear rates of growth of substance use over time. Thus, CU traits may uniquely predict 
adolescent substance use when CD symptoms are not present. This research has implications for predicting onset of adoles-
cent substance use and for incorporating the assessment of CU traits into interventions targeting adolescent substance use.
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Introduction

Substance use during adolescence and young adulthood is a 
major public health issue. Adolescent substance use is asso-
ciated with a variety of negative outcomes and health-risking 
behaviors, such as depression and anxiety [e.g., 1], suicidal-
ity [e.g., 2], antisocial behavior [e.g., 3], and risky sexual 
behavior [e.g., 4]. At the global level, substance use and its 
related problems (e.g., injury and disease) generate tremen-
dous societal costs and economic burden [5]. Therefore, it 
is critical to further understand how substance use develops 
across adolescence and young adulthood.

Despite low prevalence in early adolescence, sub-
stance use steadily increases throughout adolescence and 
into young adulthood [6, 7]. For instance, prevalence of 

past-month binge drinking increases from approximately 
0.9% at age 12–45.1% at ages 21–25; past-month tobacco 
use demonstrates a very similar pattern [7]. The substantial 
change of substance use prevalence from adolescence to 
young adulthood warrants a developmental perspective to 
study its onset and development [8]. Given that most youth 
initiate substance use at some point during adolescence or 
young adulthood, between-individual differences in the rates 
of growth of substance use (e.g., faster or slower increase) 
are possibly more predictive of later outcomes. For instance, 
research has shown that faster increases in adolescent alco-
hol use predict more antisocial behavior and substance use 
problems in later adolescence and young adulthood [9, 10].

Although most youth who experiment with substances 
do not develop problematic use in adulthood, many of those 
who do develop chronic substance use usually first engage in 
use during adolescence or even earlier [11, 12]. Therefore, 
early onset of substance use is one of the strongest predic-
tors of later substance use-related problems. For instance, 
Odgers et al. [13] found that individuals who used alco-
hol, marijuana, or other illicit drugs before age 15 were at 
an increased risk for substance dependence in adulthood, 
herpes infection, early pregnancy, failure to obtain educa-
tional qualifications, and criminal convictions. This body of 
research underlines the importance of examining substance 
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use from an early age to adulthood to capture the full range 
of development.

Previous research has made considerable efforts to iden-
tify risk and protective factors for adolescent substance use. 
An extensive body of research shows that externalizing prob-
lems, and conduct disorder (CD) more specifically, is one of 
the strongest predictors of substance use [e.g., 14, 15]. Fur-
thermore, researchers have identified a particular subgroup 
of children with conduct problems (CP) that also display a 
distinct affective and interpersonal style involving lack of 
empathy, egocentricity, lack of guilt, and callous use of oth-
ers for own gain, referred to as callous–unemotional (CU) 
traits [for a review, see 16]. Youth who display CP and high 
levels of CU traits are more likely to have police contact, 
engage in more severe patterns of violence, and have higher 
rates of delinquency [17, 18]. Further, youth with CU traits 
tend to show chronic and persistent antisocial behaviors [19, 
20] and are at greater risk of engaging in risky sexual behav-
ior [21, 22].

A few studies have examined the relationship between 
CU traits and substance use. Earlier studies have generally 
established the positive links between elevated CU traits 
and substance use in both community [e.g., 23, 24] and 
forensic [e.g., 25] adolescent samples. Using a large Dutch 
community sample aged 14–19, Hillege et al. [26] found 
that adolescents with elevated CU traits were more likely to 
use alcohol and drugs. Impulsivity and irresponsibility were 
more predictive of drug use disorder symptoms and alcohol 
use among males, while grandiosity and manipulation were 
more predictive of the aforementioned among females. In 
a large ethnically diverse sample of male offenders aged 
13–17, Ray et al. [27] identified three unique classes of 
substance use (i.e., abstainer, soft drug use, and hard drug 
use) based on past-year use of marijuana, alcohol, cigarettes, 
and other illicit drugs. CU traits, together with impulse con-
trol and neighborhood disorder, increased the likelihood of 
being in the soft drug or hard drug use classes compared to 
the abstainer class. However, CU traits did not significantly 
interact with impulse control or neighborhood disorder. 
There are a few factors that may explain the relationship 
between CU traits and substance use. CU traits are signifi-
cantly related to impulsivity and sensation seeking among 
youth [28], which has been related to other problem behav-
iours such as risky sexual behavior [29]. Further, behaviours 
such as risk-seeking are more prevalent among this popula-
tion and may explain the relationship between CU traits and 
substance use [19]. This, in tandem with research suggesting 
that youth with elevated CU traits demonstrate less sensitiv-
ity to punishment [19] and more favorably towards reward-
ing stimuli [30], underlines a potential pathway between CU 
traits and substance use.

Despite research examining the links between CU traits 
and adolescent substance use, few studies have investigated 

CU traits and CD symptoms simultaneously as predictors of 
substance use. The two constructs, while distinct, moderately 
correlate with each other. In their review, Frick et al. [16] 
reported a moderate average correlation between CU traits 
and antisocial and aggressive behavior in children (r = .33). 
Previous research has indicated that the presence of both CU 
traits and CD symptoms increases risk for other outcomes 
(e.g., delinquency, risky sexual behavior), suggesting their 
potential interaction for substance use. To our knowledge, 
only three studies have examined the prediction of adoles-
cent substance use by CU traits and CD simultaneously. 
Wymbs et al. [31] found that youth-reported CD symptoms 
at grade 6 predicted the onset of alcohol and marijuana use, 
and their composite in grade 9 over and above CU traits. 
Females were most likely to endorse alcohol use onset if they 
had high CD symptoms but low CU traits. Conversely, Fanti 
[32] found that combined self-reported elevated CU traits 
and CP was more predictive of cigarette, alcohol, and illegal 
drug use than any other combinations of low, moderate, or 
high CU traits or CP. Lastly, Baskin-Sommers et al. [33] 
examined the relationship between trajectories of CU traits 
and earlier CP with later marijuana and other illicit drug use. 
Youth following the high CU traits trajectory were more 
likely to use a greater variety of substances than those fol-
lowing the low and moderate trajectories of CU traits. They 
found no difference in substance use when high CU traits 
and high CP were both present compared to high CU traits 
combined with low CP, suggesting that CP did not increase 
the predictability of substance use over and above high CU 
traits alone. However, there was a significant negative rela-
tionship between abstinence, use of one substance type, and 
the group with elevated CU traits and CP, as compared to 
other CU trait and CP trajectory groups (e.g., moderate CU 
and CP). Further, they found that youth in the low and mod-
erate CU traits trajectory were less likely to use a variety of 
substances later than individuals with elevated CU traits and 
CP trajectories. One factor that may explain the relationship 
between CU traits, CD symptoms, and substance use is high 
executive control, as Baskin-Sommers et al. [33] and oth-
ers have previously investigated. Specifically, this research 
suggested that higher executive control may enable those 
with high CU and conduct problems to successfully engage 
in violence or substance versatility through means such as 
more effective planning and implementation of goals and 
spending less time incarcerated [33].

While these studies have identified the importance of 
examining CU traits, and some have addressed their poten-
tial interaction with CD symptoms, in predicting adoles-
cent substance use, they also have limitations that warrant 
addressing. For example, Wymbs et al. [31] sample was 
recruited from an urban setting, and provided no substance 
use data past grade 9. Many samples were exclusively 
males from a forensic setting [e.g., 25, 27, 33], restricting 
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the generalizability of these results to female or community 
samples. Furthermore, most of the previous studies were 
cross-sectional [e.g., 26, 27], and therefore did not examine 
the development of adolescent substance use. Even the three 
prospective longitudinal studies [31–33] only controlled for 
baseline substance use; consequently, they did not specifi-
cally examine the influence of CU traits and/or CD symp-
toms on the development (i.e., growth) of substance use.

Given these limitations, further research is needed to 
examine substance use, CD symptoms, and CU traits with 
a developmental approach to understand both the onset and 
change of substance use throughout adolescence. In this 
study, prospective longitudinal data from a large and eth-
nically diverse sample was employed. Specifically, we fit 
latent growth curve models to eight waves of substance use 
(alcohol, marijuana, and cigarette use) from grade 7 (approx-
imately age 13) through 2-years post-high school (age 20) 
to examine the developmental trajectories of substance use, 
and used growth factors (i.e., intercept and slope) to capture 
between-individual differences in the onset and change of 
substance use. We examined how CD symptoms and CU 
traits, separately and interactively, predicted the growth 
factors. We hypothesized that CD symptoms and CU traits 
would uniquely predict higher intercept and slope of sub-
stance use. We also examined the effect of their interaction 
on the intercept and slope of substance use. Based on the 
findings from Baskin-Sommers et al. [33] and Fanti [32], 
we hypothesized that elevated levels of both CU traits and 
CD symptoms would interact to predict substance use. Sex 
was also included to examine its potential moderation of CU 
and/or CD in predicting substance use. However, no specific 
hypotheses were provided given the limited findings in this 
area [i.e., 31].

Method

Participants and Procedure

Data used in the current study came from a community-
based, longitudinal multisite investigation of the develop-
ment and prevention of childhood conduct problems, the 
Fast Track project [34, 35]. Children were identified in 
schools within four sites (Durham, NC; Nashville, TN; Seat-
tle, WA; and rural Pennsylvania), and classified as high risk 
based on crime and poverty statistics of the neighborhoods 
that they served. A multiple-gating screening procedure was 
utilized that combined teacher and parent ratings of disrup-
tive behavior among 9,594 kindergarteners from 1991 to 
1993 across three cohorts. Children were initially screened 
for classroom conduct problems by teachers, using the 
Teacher Observation of Child Adjustment-Revised Author-
ity Acceptance score [36]; those children scoring in the top 

40% within cohort and site were solicited for parent-report 
home behavior problems, using items from the Child Behav-
ior Checklist [37]. The teacher and parent screening scores 
were then standardized and summed to yield a total severity-
of-risk screen score, and children were selected for inclusion 
into the high-risk sample based on this screening score.

Overall, 891 children (control = 446 [i.e., did not par-
ticipate in an intervention] and intervention = 445) were 
selected for the high-risk sample and participated in the 
Fast Track study (65% male, 49% African American). In 
addition, a normative sample of 387 children (i.e., not at 
high risk for behaviour problems; 51% male, 43% African 
American) was selected to represent the population norma-
tive range of risk scores. From among the control schools 
(n = 27), normative, within-site stratified samples of about 
10 children each (within each decile of behavior problems) 
were randomly selected based on teachers’ completed rat-
ings of child disruptive behavior. Both the high-risk control 
group and normative sample were utilized for the current 
study. The intervention sample was not used for this study. 
Probability weights were constructed to adjust for the over-
sampling of high-risk children [38]. As 79 of those recruited 
for the high-risk control group were also included as part of 
the normative sample and 1 participant had a missing value 
on the weighting variable, the final analyzed sample size was 
753 (42.0% female, 46.1% African American). At the first 
year of data collection, the mean age of participants was 6.54 
(SD = 0.58) years. According to Hollingshead’s [39] rating 
system, the mean socioeconomic status (SES) continuous 
code was 25.65 (SD = 12.90), indicating primarily lower to 
lower-middle SES.

Two research interviewers visited each home each sum-
mer to separately interview the primary caregiver and the 
youth. The interviewer read all questionnaires and recorded 
the caregiver’s response. Computer-assisted interviews were 
conducted with the youth, who wore headphones and lis-
tened to items being read to them on a laptop computer, 
answering directly. Informed written consent from parents 
and oral assent from children were obtained. Parents and 
youth were compensated financially for their participation.

Measures

CU Traits

The parent-report Antisocial Process Screening Device 
(APSD) [40] was administered in the summer following 
grade 7. CU traits were measured using the 6-item CU 
traits subscale of the APSD (e.g., does not show feelings or 
emotions) and rated on a 3-point scale (0 = not at all true, 
1 = sometimes true, 2 = definitely true; α = 0.66). The CU 
trait subscale has demonstrated good predictive validity in 
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this sample [e.g., 18]. The mean level of CU traits was gen-
erally low to moderate (M = 0.62, SD = 0.37).

CD Symptoms

CD criterion counts were measured using the parent-report 
Diagnostic Interview Schedule for Children-Version IV 
(DISC-IV) [41], administered in the summer following grade 
6. CD criterion count scores are based on 15 criteria derived 
from 23 symptom items, and scored dichotomously as pre-
sent (2) or absent (0). The parent-report DISC-IV showed 
acceptable internal reliability in this sample (α = 0.60). In 
the current sample, 28.1% of participants reported having 
any symptoms of CD (M = 0.55, SD = 1.20).

Substance Use

The Tobacco, Alcohol, Drugs (TAD; grades 7–12), and 
the Tobacco, Alcohol and Drugs-Revised (TAD-R; 1- and 
2-years post-high school) assessment instruments [42] 
were administered to participants each summer after grade 
7 to 2-years post-high school. Cigarette use. Participants 
annually reported the number of days they had smoked a 
cigarette in the past month. Responses were scored as 1 if 
participants reported any days of past month cigarette use, 
and 0 if participants reported no days of use. Marijuana 
use. Participants annually reported the number of times 
they had used marijuana in the past month. If participants 
reported any days of using marijuana in the past 30 days, 
they were assigned a score of 1; if they reported no days of 
use, they were assigned a score of 0. Alcohol misuse. This 
outcome was measured with two items: self-report of num-
ber of days being drunk and number of days consuming five 
or more drinks in a row in the past year. A binary outcome 
was constructed to operationalize alcohol misuse such that 
participants were assigned 1 if they answered yes to either 
of the two items, and 0 if they reported 0 days on both items 
Substance use composite. The substance use composite was 
calculated by summing the dichotomous scores for cigarette 
use, marijuana use, and alcohol misuse (range 0–3). Tech-
nical reports and documentation are available on the Fast 
Track website (http://www.fastt rackp rojec t.org/data-instr 
ument s.php).

Covariates

Sex (1 = male, 0 = female), race (1 = African American; 
0 = not African American), age, SES, cohort, site, as well as 
the aforementioned severity-of-risk screen score (M = 1.01, 
SD = 1.64) were included as covariates.

Attrition Analysis

The percentages of missing values for analyzed variables in 
the current sample were generally low: 17.9% for CU traits, 
16.9% for CD symptoms, and between 19.3–28.3% across 
the eight waves for all substance use outcomes. Over eight 
waves, for the three substance use outcomes, over 90.4% of 
participants provided at least one wave of data, over 83.7% 
provided at least three waves of data, and 74.5% of par-
ticipants provided at least five waves of data. Three sets of 
attrition analyses were conducted comparing age, SES, the 
severity-of-risk screen score, race, and sex between: (1) 
those who provided at least one wave of data vs. those with-
out any data; (2) those who provided at least three waves 
of data vs. less than three waves of data; and (3) those who 
provided at least five waves vs. less than five waves of data. 
There were no significant differences between these groups 
on the aforementioned variables. Further, there were no sig-
nificant differences in age, SES, the severity-of-risk screen 
score, race, and sex between those who reported CU traits 
or CD symptoms, separately, and those who had missing 
values on these variables.

Analytic Plan

Descriptive analyses were conducted in SPSS [Version 
22; 43]. All other analyses were conducted in Mplus 7.2 
[44] through structural equation modeling (SEM). Latent 
linear growth curve models were fit using maximum likeli-
hood estimator with robust standard errors and a logit link 
function. Missing data were handled with full-information 
maximum likelihood (FIML), so that participants with at 
least one outcome measure available were included in the 
analyses [45]. For latent linear growth curve models with 
binary outcomes (i.e., cigarette use, marijuana use, alcohol 
misuse) without any covariates, a continuous latent response 
variable y* is assumed to underlie the observed categorical 
outcomes y (e.g., cigarette use vs. no use) through a time-
invariant threshold (see Fig. 1). The mean of the intercept 
(η0) of the latent response variable y* is fixed at zero for 
model identification and scaling purposes [46]. Therefore, 
model estimated linear slope (η1) represents rates of linear 
growth through time over the latent response variable y*, 
and its exponential  (eη

1) represents the change of the odds 
of participants using cigarettes, for example, relative to not 
using for every 1-year increase. A Poisson regression was 
specified for the substance use composite to account for it 
being a count outcome. CU traits, CD symptoms, and covari-
ates (i.e., sex, race, age, SES, cohort, site, and severity-of-
risk screen score) were included in the latent growth curve 
model. A series of models were fit to examine the prediction 
of CD symptoms, CU traits, sex, and their interactions on 
the intercept and linear slope of each substance use outcome 

http://www.fasttrackproject.org/data-instruments.php
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while controlling for covariates, and also controlling for ini-
tial intercept differences when predicting linear slopes (see 
Table 3). We first examined the main effects of sex, CU 
traits, and CD symptoms (model 1). Next, we examined the 
interaction between CU traits and CD symptoms (model 
2). In model 3, we examined the interactions of sex with 
CU traits and CD symptoms, respectively. Covariates were 
included in each model to control for potential confounding 
effects but were not reported in the results below or tables 
for ease of interpreting the primary empirical relationships 
of study.

Results

Descriptive Statistics

The percentage of individuals who engaged in past month 
cigarette or marijuana use, as well as past year alcohol mis-
use, from grade 7 to 2-years post-high school are shown 
in Table 1. The percentage for past month cigarette use 

increased steadily each year from 12.7% in grade 7–31.5% 
at 2-years post-high school. The percentage for past month 
marijuana use showed a similar pattern (but with lower prev-
alence), increasing from 3.7% in grade 7–14.3% at 2-years 
post-high school, with the highest percentage in grade 
12 (15.1%). The percentage for past year alcohol misuse 
increased from 6.5% in grade 7–31.3% at 2-years post-high 
school. For the substance use composite, the mean score 
was 0.28 in grade 7 and increased steadily to 1.01 at 2-years 
post-high school. Generally, all types of substance use and 
the composite score showed modest to moderate positive 
correlations across eight waves. The 1-year rank-order corre-
lations ranged between .44 and .62 for cigarette use, .22–.52 
for marijuana use, .32–.51 for alcohol misuse, and .50–.65 
for the composite score, all ps < .001.

Males had higher levels of CD symptoms (M = 0.70, 
SD = 1.38) than females (M = 0.34, SD = 0.82), t(624) = 3.83, 
p < .001, and higher CU traits (M = 0.66, SD = 0.36) than 
females (M = 0.57, SD = 0.37), t(616) = 3.13, p < .01. There 
is a positive correlation between CD symptoms and CU traits 
(r = .26, p < .001). As shown in Table 2, both CU traits and 
CD symptoms positively correlated with cigarette use and 
composite scores across all time points. For alcohol misuse, 
CD symptoms showed a positive correlation from grade 7 to 
11, whereas this was demonstrated only in grades 8 and 9 for 
CU traits. Lastly, both CU traits and CD symptoms showed 
occasional modest correlations with marijuana use.

Prediction of the Onset and Development 
of Substance Use

Unconditional models without any predictors or covariates 
were first fit on each substance use measure. The three sub-
stances and the composite score showed significant variance 
in their intercepts ( ̂𝜎2 = 4.66, 9.07, 4.44, and 3.00 for alco-
hol misuse, cigarette use, marijuana use, and the composite, 
ps < .001) and linear slopes ( ̂𝜎2 = 0.22, 0.43, and 0.03, for 
alcohol misuse, cigarette use, and the composite, ps < .001) 
except for the slope of marijuana use ( ̂𝜎2 = 0.04, p = .154), 
suggesting substantial individual differences in their initial 
levels of use at grade 7, as well as their rates of change over 
development except for marijuana use. Because fit indices 
(e.g., CFI, RMSEA) are not available for binary or count 
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Fig. 1  Path diagram for the unconditional latent linear growth curve 
model for latent response variables y* with 8 waves of binary out-
comes y 

Table 1  Descriptive statistics of outcome variables by grade/year of data collection

1-year post 1-year post-high school, 2-years post 2-years post-high school

7 8 9 10 11 12 1-year post 2-years post

Cigarette use (yes %) 12.7 13.5 18.7 18.5 23.6 28.3 28.6 31.5
Marijuana use (yes %) 3.7 6.0 10.9 10.8 13.1 15.1 14.3 14.3
Alcohol misuse (yes %) 6.5 9.7 15.4 17.3 19.0 26.4 28.2 31.3
Substance use composite (M [SD]) 0.28 (0.64) 0.38 (0.74) 0.59 (0.92) 0.64 (0.92) 0.78 (0.97) 0.96 (1.03) 0.98 (0.98) 1.01 (0.96)
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outcomes with maximum likelihood estimation, likelihood 
ratio χ2 tests based on residuals between predicted and 
observed values were used to evaluate model fit [44]. All 
models showed satisfactory fit, χ2 (245) = 277.32, p = .076 
for alcohol misuse, χ2 (240) = 239.00, p = .506 for cigarette 
use, and χ2 (65358) = 22486.80, p = 1.00 for substance use 
composite, except for marijuana use, χ2 (241) = 289.10, 

p = .018. Fixing the non-significant slope variance could 
lead to an acceptable fit, χ2 (240) = 277.94, p = .047.

The results of Model 3 will be reported, as this model 
includes interactions of CU traits, CD symptoms, and 
sex, as well as their main effects. The 3-way interaction 
between sex, CU traits, and CD symptoms was not sig-
nificant in predicting the intercept or linear slope of any 

Table 2  Correlations of sex, 
callous–unemotional traits, and 
conduct disorder symptoms 
with cigarette use, marijuana 
use, alcohol misuse, and the 
substance use composite from 
grade 7 to 2-years post-high 
school

CU callous–unemotional traits, CD conduct disorder symptoms, SU substance use, PHS post-high school
*p < .05; **p < .01, ***p < .001

Grade 7 Grade 8 Grade 9 Grade 10 Grade 11 Grade 12 1-Year PHS 2-Years PHS

Cigarette use
 Sex .04 .02 .06 .02 .07 .13** .09* .15***
 CU .14*** .15*** .17*** .19*** .20*** .21*** .20*** .18***
 CD .21*** .20*** .18*** .20*** .21*** .24*** .19*** .15**

Marijuana use
 Sex .06 .07 .07 .08 .12** .14** .08 .06
 CU .07 .15*** .17*** .11* .08 .10* .05 .08
 CD .13** .02 .19*** .06 .08 .12** .14** .00

Alcohol misuse
 Sex .04 .10* .01 .07 .08* .03 .06 .05
 CU .08 .10* .09* .07 .04 .02 .01 .01
 CD .10* .23*** .13** .12** .12** .05 .07 − .06

SU composite
 Sex .06 .08 .05 .07 .12** .13** .11* .13**
 CU .14** .18*** .18*** .17*** .15** .15** .13** .13**
 CD .20*** .22*** .21*** .18*** .19*** .18*** .19*** .05

Table 3  Prediction of the development of substance use in latent linear growth curve models

CU callous–unemotional traits, CD conduct disorder symptoms
*p < .05; **p < .01; ***p < .001

Cigarette use Marijuana use Alcohol misuse Substance use

Intercept Slope Intercept Slope Intercept Slope Intercept Slope

Model 1
 Sex 0.29 (0.55) 0.21 (0.12) 0.75 (0.44) − 0.12 (0.08) 0.58 (0.41) − 0.03 (0.07) 0.41 (0.27) − 0.00 (0.02)
 CU 2.02 (0.80)* 0.08 (0.18) 1.24 (0.60)** − 0.18 (0.13) 0.86 (0.61) 0.11 (0.10) 0.95 (0.39)* − 0.02 (0.03)
 CD 0.32 (0.19) 0.07 (0.06) 0.23 (0.16) − 0.01 (0.03) 0.43 (0.15)** − 0.06 (0.03) 0.22 (0.11)* − 0.01 (0.01)

Model 2
 Sex 0.28 (0.56) 0.21 (0.12) 0.77 (0.45) − 0.12 (0.08) 0.58 (0.40) − 0.03 (0.07) 0.40 (0.27) − 0.00 (0.02)
 CU 2.49 (0.88)** 0.07 (0.20) 1.16 (0.64) − 0.14 (0.14) 1.17 (0.65) 0.06 (0.11) 1.15 (0.42)** − 0.03 (0.03)
 CD 1.61 (0.58)** 0.08 (0.17) 0.03 (0.39) 0.10 (0.07) 1.25 (0.44)** − 0.19 (0.09)* 0.75 (0.31)* − 0.03 (0.02)
 CU*CD − 1.47 (0.60)* − 0.01 (0.19) 0.20 (0.43) − 0.11 (0.08) − 0.93 (0.45)* 0.14 (0.09) − 0.61 (0.36) 0.02 (0.02)

Model 3
 Sex 0.21 (1.16) 0.22 (0.22) 1.10 (0.74) − 0.23 (0.14) 0.71 (0.73) − 0.15 (0.13) 0.52 (0.52) − 0.03 (0.03)
 CU 2.40 (0.96)* − 0.03 (0.25) 1.34 (0.82) − 0.24 (0.22) 1.09 (0.77) − 0.09 (0.15) 1.08 (0.54)* − 0.07 (0.06)
 CD 1.75 (0.67)** 0.33 (0.21) 0.36 (0.51) 0.09 (0.09) 1.65 (0.43)*** − 0.10 (0.09) 1.15 (0.31)*** − 0.01 (0.02)
 CU*CD − 1.52 (0.64)* − 0.03 (0.17) 0.10 (0.40) − 0.11 (0.07) − 0.99 (0.41)* 0.12 (0.08) − 0.68 (0.31)* 0.02 (0.02)
 Sex*CU 0.24 (1.54) 0.19 (0.31) − 0.29 (1.04) 0.18 (0.22) 0.15 (0.98) 0.30 (0.19) 0.16 (0.70) 0.07 (0.06)
 Sex*CD − 0.18 (0.32) − 0.32 (0.15)* − 0.38 (0.31) 0.02 (0.06) − 0.55 (0.25)* − 0.10 (0.05)* − 0.51 (0.17)** − 0.02 (0.01)
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substance use outcome or the composite, and thus was 
not reported. Full results are available upon request from 
the first author. As shown in Table 3 (Model 3), CU traits 
independently predicted the intercepts of past month ciga-
rette use (B = 2.40, SE = 0.96, p < .05) and the substance 
use composite (B = 1.08, SE = 0.54, p < .01). CD symptoms 
independently predicted the intercepts of past month ciga-
rette use (B = 1.75, SE = 0.67, p < .01), past year alcohol 
misuse (B = 1.65, SE = 0.43, p < .001), and the substance 
use composite (B = 1.15, SE = 0.31, p < .001). However, 
neither CU traits nor CD symptoms predicted the slope of 
any type of substance use or the composite, and they did 
not predict the intercept of marijuana use. Further, CU 
traits did not predict the intercept of alcohol misuse.

The interaction between CU traits and CD symptoms 
predicted the intercepts of past month cigarette use (B = 
− 1.52, SE = 0.64, p < .05), past year alcohol misuse (B = 
− 0.99, SE = 0.41, p < .05), and the substance use com-
posite (B = − 0.68, SE = 0.31, p < .05), but not past month 
marijuana use (B = 0.10, SE = 0.40, ns). This interaction 
did not predict the linear slope of any of the substance 
use outcomes. However, the interaction of sex and CD 
symptoms predicted the linear slopes of past month ciga-
rette use (B = − 0.32, SE = 0.15, p < .05) and past year 
alcohol misuse (B = − 0.10, SE = 0.05, p < .05). In addi-
tion, this interaction predicted the intercepts of past year 
alcohol misuse (B = − 0.55, SE = 0.25, p < .05) and the 
substance use composite (B = − 0.51, SE = 0.17, p < .01). 
This interaction did not predict the intercept of cigarette 
or marijuana use, nor the slope of marijuana use or the 
substance use composite. The interaction of sex and CU 
traits did not predict the intercept or linear slope of any of 
the substance use outcomes.

As CD symptoms interacted with CU traits as well as sex, 
we split the sample into two groups based on whether par-
ticipants had any CD symptoms (n = 176) or none (n = 450) 
to examine the simple main effects of CU traits and sex. For 
past month cigarette use, CU traits did not predict the inter-
cept among those with CD symptoms (B = 0.88, SE = 1.31, 
ns). In addition, sex did not predict the linear slope among 
those with CD symptoms (B = 0.13, SE = 0.19, ns). How-
ever, CU traits predicted the intercept among those without 
CD symptoms (B = 2.72, SE = 1.01, p < .01). Controlling for 
other covariates, the odds of adolescents having any cigarette 
use in the past month in grade 7 were 14.18 times higher 
 (e2.72 − 1) for every one unit increase in CU traits among 
those without CD symptoms. Sex predicted the linear slope 
among those without CD symptoms (B = 0.28, SE = 0.14, 
p < .05). Controlling for other covariates, the change of 
the odds of boys using cigarettes in the past month from 
adolescence to young adulthood was 1.14 times  (e0.13) that 
of girls for every 1-year increase among those without CD 
symptoms.

For past year alcohol misuse, sex marginally predicted 
the intercept in participants without any CD symptoms 
(B = 0.95, SE = 0.52, p = .069). Controlling for other covari-
ates, among those without CD symptoms, boys were 1.59 
times more likely  (e0.95 − 1) than girls to have had any past 
year alcohol misuse in grade 7. However, sex did not predict 
the linear slope in participants without CD symptoms (B = 
− 0.01, SE = 0.08, ns). Similarly, sex did not predict the lin-
ear slope (B = 0.04, SE = 0.22, ns) or intercept (B = − 0.25, 
SE = 0.52, ns) in participants with any CD symptoms. CU 
traits did not predict the intercept in participants with any 
CD symptoms (B = 0.36, SE = 0.70, ns) or with no CD symp-
toms (B = 1.20, SE = 0.82, ns).

For the substance use composite, CU traits predicted the 
intercept among those without CD symptoms (B = 1.26, 
SE = 0.48, p < .01). Controlling for other covariates, accord-
ing to rate ratios (for Poisson regression with count out-
comes), a 1-unit increase in CU traits among those with-
out CD symptoms was associated with 2.53 times higher 
 (e1.26 − 1) substance use in grade 7. Further, sex margin-
ally predicted the intercept in those without CD symptoms 
(B = 0.65, SE = 0.33, p = .053). Controlling for other covari-
ates, in youth without CD symptoms, there was a trend for 
boys to use substances more than girls did in grade 7 (0.92 
times more likely;  [e0.65 − 1]). Neither CU traits (B = 0.28, 
SE = 0.58, ns) nor sex (B = − 0.25, SE = 0.41, ns) predicted 
the intercept among those with CD symptoms.

Discussion

The current study examined the predictive role of CU traits 
and CD symptoms on the onset and developmental change 
of substance use through adolescence and young adulthood 
in a large, geographically and ethnically diverse community 
sample followed prospectively from grade 7 to 2-years post-
high school. CU traits predicted the onset of past month 
cigarette use, past month marijuana use, and the substance 
use composite. CD symptoms predicted the onset of past 
month cigarette use, past year alcohol misuse, and the sub-
stance use composite. However, CU traits only predicted 
the onset of past month cigarette use and the substance use 
composite when no CD symptoms were present, and the 
same pattern was observed regarding the onset of past year 
alcohol misuse. Among those without CD symptoms, the 
change in the odds of using cigarettes in the past month was 
higher in boys than girls, and there was a trend for boys to be 
more likely than girls to have had past year alcohol misuse 
or any substance use at grade 7.

These results are generally consistent with previous 
research showing the strong predictive role of CD symp-
toms on early substance use [e.g., 14, 15, 47]. Furthermore, 
similar to previous research [e.g., 25–27, 33], the current 
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study illustrated the positive link between CU traits and early 
substance use. The current study also demonstrated a num-
ber of novel findings. First, CU traits predicted the onset 
of past month cigarette use, past year alcohol misuse, and 
the substance use composite only when no CD symptoms 
were present. This finding is consistent with that of Baskin-
Sommers et al. [33], who found that among males with 
elevated CU traits, the presence of CP did not contribute 
to the prediction of substance use over and above combina-
tions of high CP and low or moderate CU traits. However, 
contrary to the current study, Fanti [32] found that combined 
high levels of both CU traits and CP were predictive of sub-
stance beyond that of other combinations of CU trait and 
CP levels. Wymbs et al. [31] also reported contrary findings 
using parent-reported CU traits and CD symptoms, where 
no interaction was found. Using youth reports, however, they 
demonstrated the inverse to the current study: Girls with low 
CU traits and high CD symptoms were most likely to have 
used alcohol by grade 9.

A few methodological and sample differences could 
explain the differences between the aforementioned stud-
ies and the current results. First, Wymbs et al. [31] only 
examined substance use at a single time point (i.e., grade 
9; vs. beginning at grade 7 and continuing to 2-years post-
high school in the present study). As such, it may be that 
parent-reported CU traits play a larger role in predicting 
early onset substance use (i.e., by grade 7), whereas in later 
developmental periods the predictive value of CD symptoms 
becomes greater than that of CU traits. In other words, CU 
traits may be more predictive of substance use onset in early 
adolescence or even earlier, which is associated with more 
adverse outcomes [e.g., 13], whereas CD symptoms may be 
more predictive of developmentally normative substance use 
that typically starts around mid to late adolescence. Second, 
while Baskin-Sommers et al. [33] demonstrated largely simi-
lar findings to the current study, their sample was comprised 
of late adolescent male offenders. Furthermore, their meas-
ure of CP only included items relating to aggression and rule 
violations, but not destruction of property and deceitfulness 
or theft, and therefore did not cover the breadth of symptoms 
related to CD in the DISC-IV as employed in the current 
study. Third, Fanti’s [32] study investigated substance use at 
two time points in early adolescence (i.e., ages 12 and 14), 
and therefore may have tapped into a developmental period 
that is more sensitive to the effects of both CU traits and CD 
symptoms. In the current study, substance use was measured 
from approximately age 12 to 20, and therefore spanned a 
longer developmental period from early adolescence to early 
adulthood.

The second novel finding pertains to our results indicat-
ing significant moderation by sex. Specifically, among those 
without CD symptoms, boys showed a larger change in the 
odds of using cigarettes in the past month than girls, and 

were also more likely to have past year alcohol misuse or 
any substance use at grade 7. This finding is generally con-
sistent with previous research showing that substance use is 
more common among males than females [7] and that males 
are at higher risk for early substance use [e.g., 48]. This 
finding highlights the importance of sex when examining 
substance use among a nonclinical sample. In subclinical or 
clinical samples, substance use is possibly better predicted 
by psychiatric symptoms. In the current study, the interac-
tion between sex and CU traits was not significant, consistent 
with the findings in Hillege et al. [26] that CU traits were 
similarly associated with drug use disorder symptoms and 
frequency of alcohol use among both males and females.

A third novel finding concerns the prediction of onset vs. 
development of adolescent substance use. To our knowledge, 
this was the first study to demonstrate the importance of CU 
traits, CD symptoms, and their interaction in predicting early 
onset substance use (i.e., by grade 7) and to examine devel-
opment using longitudinal modeling. Interestingly, while the 
current findings demonstrate the strong predictive utility of 
CU traits and CD symptoms on substance use onset, only 
two significant results were found regarding the prediction of 
substance use development from grade 7 to 2-years post-high 
school (i.e., sex by CD symptom interaction on cigarette use 
and alcohol misuse). The largely null findings regarding the 
development of substance use may be due to the pervasive-
ness of substance use throughout adolescence [e.g., 49]. 
Particularly, as the increase and progression of substance 
use across adolescence and young adulthood is more devel-
opmentally common and normative, it may be more associ-
ated with peer (e.g., peer substance use) and family (e.g., 
parental supervision) influences, but less so with psychiatric 
risk factors such as CU traits and CD symptoms. Broader 
environmental factors throughout adolescence may interact 
with CU traits and CD symptoms to better predict substance 
use development. Given that early onset of substance use is 
associated with many adverse developmental outcomes [e.g., 
13], it may be especially clinically informative to assess CU 
traits and CD symptoms to predict and diagnose the onset of 
substance use as well as to inform intervention.

Strengths and Limitations

The current study addressed several limitations of previous 
research. Specifically, the current study used a prospective 
longitudinal study design to examine the influence of CU 
traits, CD symptoms, and their interaction simultaneously on 
the development of substance use in a large, geographically 
and ethnically diverse sample. To our knowledge, this is the 
first study to examine the interactive utility of CU traits and 
CD symptoms to predict the developmental change of sub-
stance use. Multiple substances were examined, including 
alcohol misuse, marijuana use, and cigarette use.
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Bearing these strengths in mind, a few limitations should 
also be noted. First, despite demonstrated strong predictive 
validity [18], the CU traits measure used in this study (i.e., 
the CU subscale of the APSD) is not the preferred assess-
ment tool in current research practice. The inventory of cal-
lous–unemotional traits (ICU; [50]) is considered to be a 
highly effective tool for the measurement of CU traits [51], 
but unfortunately was not available at the time when CU 
traits were measured in the current study. Second, the cur-
rent study only examined the prediction of individual risk 
factors (i.e., CU traits and CD symptoms) on the develop-
ment of substance use. Peer (e.g., peer substance use), family 
(e.g., parental supervision) and individual (e.g., executive 
control, impulsivity control [27, 33]) factors were not inves-
tigated, and therefore it is not known how these factors may 
contribute to the onset and development of substance use 
alongside CD symptoms and CU traits. Third, moderating 
factors such as sensation seeking, impulsivity, risk-seeking, 
and executive control were not investigated and should be 
included in future studies to further explore the relationships 
between CD symptoms, CU traits, and substance use and 
the mechanisms underlying these relationships [19, 29, 30, 
33]. Fourth, in the current study alcohol misuse was opera-
tionalized based on self-reports of number of days being 
drunk and number of days consuming five or more drinks 
in a row in the past year. The severity of this construct nota-
bly changes over development (e.g., being drunk in grade 7 
vs. 2-years past high school) and should therefore be taken 
into account when interpreting the results. Namely, alcohol 
misuse in the current study may indicate more severe and 
developmentally inappropriate behavior in early adolescence 
but more normative behavior, relatively speaking, in early 
adulthood.

Summary

This research highlights the role of CU traits and CD symp-
toms, uniquely and interactively, in the prediction of the 
onset of substance use by grade 7, as well as the develop-
ment of substance use throughout adolescence and early 
adulthood. The current study employed a longitudinal design 
to assess substance use from early adolescence through 
young adulthood. However, CU traits, CD symptoms, and 
their interaction did not predict the development (i.e., growth 
rates) of substance use across this developmental period. 
Conversely, early initiation was demonstrated to be strongly 
related to CU traits in particular, as well as CD symptoms. 
The novel findings that CD symptoms do not increase the 
predictive utility of substance use onset over and above CU 
traits underlines the importance of evaluating CU traits to 
further inform the development of interventions targeting 
adolescent substance use.
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