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Abstract

Substance use and antisocial behavior are complex, interrelated behaviors. The current study
identified model trajectory classes defined by concurrent substance use and antisocial behavior
and examined trajectory associations with emerging adult outcomes. Participants from a high-risk
sample of youth (n=536; 73% male) completed interviews at baseline (mean age= 16.1 years) and
followup (mean age= 22.6 years). Latent class growth analyses identified five trajectory classes
based on alcohol/drug use (AOD) and antisocial behavior (ASB): Dual Chronic, Increasing AOD/
Persistent ASB, Persistent AOD/Adolescent ASB, Decreasing Drugs/Persistent ASB, and
Resolved. Many individuals (56%) exhibited elevated/increasing AOD, and most (91%) reported
ASB decreases. Those associated with the Dual Chronic class had the highest rates of substance
dependence, antisocial personality disorder (ASPD), and negative psychosocial outcomes. There
were no differences in adult role attainment across classes. Conjoint examination of these
behaviors provides greater detail regarding clinical course and can inform secondary prevention
and intervention efforts.
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Substance use and antisocial behavior (ASB) are highly correlated both cross-sectionally
and across the lifespan, share common risk factors, and are predictive of negative life
outcomes (Compton et al., 2005; Kendler et al., 2003; Krueger et al., 2007; Moffitt, 1993;
Windle, 1990). There is an extensive literature examining these domains early in
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adolescence, and much is known about the dynamic relations and links between alcohol use
and aggression in this developmental period (White et al, 2013). Epidemiological studies
have reported the lifetime prevalence of adult antisocial behavior at ~12%, and this has
significant associations with all substance use disorders (Compton et al., 2005). Previous
studies have also shown how these constructs change over time using group-based, latent
trajectory approaches (i.e. Hussong et al., 2004; Lee et al., 2010; Odgers et al., 2007).
However, no known study has examined trajectory groups based on both substance use and
ASB from adolescence into emerging adulthood, a crucial period of development (from 18-
25 years) that is associated with major life transitions toward independence and adult role
attainment (Arnett, 2000).

Trajectory studies have examined a variety of substance use behaviors from adolescence
into emerging adulthood, including alcohol use (Orlando et al., 2005), marijuana use (Brook
atal., 2011; Windle & Wiesner, 2004), other illegal drug use (Roettger et al., 2011), and
alcohol/drug dependence (Anderson et al., 2010; Chassin, Fora, & King, 2004; Lee, Winters,
& Wall, 2010). While the number and shape of trajectories vary across samples and
outcomes, studies typically identify four to six trajectory groups characterized by distinct
patterns of substance use, such as chronically-high, decreasing, increasing, consistently low,
and abstainers (described as a “cat’s cradle” pattern by Sher, Jackson & Steinley, 2011).
Previous researchers have identified a range of risk factors, including male gender
(Schulenberg et al., 2005), early onset of use (Lee et al., 2010; Windle, Mun, & Windle,
2005), low parental education (Jackson et al., 2005), and low religiosity (Jackson et al.,
2005) to be associated with classification in more problematic trajectory groups, which in
turn is associated with negative adult outcomes, including alcohol and other drug use
(“AOD”) (Chassin et al., 2002), lower perceived health (Ellickson, Martino, & Collins,
2004), lower educational attainment (Hill et al., 2000; Windle & Wiesner, 2004), and greater
unemployment (Schulenberg et al., 2005). Recent research has shown that heavy substance
use from adolescence through emerging adulthood is associated with visuospatial and
memory decline (Hanson et al., 2011), highlighting the impact of long-term use on cognitive
abilities and subsequent outcomes.

Previous examinations of ASB have also incorporated trajectory-based approaches. Moffitt
and colleagues specified a theoretically-based taxonomy of “life-course persistent” vs.
“adolescent-limited” ASB (Moffitt & Caspi, 2001; Moffitt et al., 1996). In studies using
growth mixture modeling (Odgers et al., 2007; Odgers et al., 2008), this taxonomy was
confirmed and extended with the addition of “low” and “childhood-limited” trajectories.
Other studies have found a similar range and shape of antisocial trajectories (Miller, Maloneg,
& Dodge, 2010; Monahan et al., 2009). Individuals associated with a “life-course persistent”
trajectory had greater levels of childhood risk factors such as more peer delinquency, low
reading achievement, and low socioeconomic status (Odgers et al., 2008), while adverse
outcomes associated with more severe antisocial trajectories include violent behavior,
criminal convictions, substance dependence, and economic problems (Odgers et al., 2007;
Odgers et al., 2008).

Previous trajectory studies have examined associations between substance use and ASB over
time. Severe substance use trajectories were related to both prior conduct disorder (CD) (Lee
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et al., 2010) and future ASB (Brook et al., 2011; Chassin et al., 2002; Lee et al., 2010); adult
alcohol and drug dependence was predicted by antisocial trajectories (Odgers et al., 2007);
and elevations from age-related declines in ASB were related to periods of greater substance
abuse (Hussong et al., 2004). However, no known study has examined trajectory groups
based both on substance use and ASB across adolescence and emerging adulthood; the
predictors and outcomes associated with comorbid behaviors may differ from those that are
associated with either single behavior alone (Chassin et al., 2004). Baseline characteristics
related to subsequent substance use and ASB likely include both shared and disorder-
specific components, and examination of trajectories defined by both substance use and
ASB can help clarify whether baseline predictors for either behavior alone also confer risk
for the comorbidity of these behaviors. Specifically, we examined trajectory class
differences on gender, age, ethnicity, and religiosity as well as baseline measures of hard
drug use, and age of onset of conduct disorder and substance use. In addition, a range of
psychosocial (recent job loss, incarceration, relationship problems), role attainment (parent,
marital, employment status), and clinical (substance use disorders, antisocial personality
disorder, treatment-seeking) outcomes were selected based on previous trajectory-based
outcomes research (i.e. Anderson et al., 2010; Chassin et al., 2002; Schulenberg et al., 2005;
Windle & Wiesner, 2004).

Prior studies examining longitudinal associations between substance use and ASB are
limited in that they have modeled trajectory groups based on only one of these behaviors. As
such, this study has two primary aims: (1) to identify patterns of combined AOD and ASB
for a high-risk sample originally recruited in adolescence, and (2) examine the baseline
characteristics and developmental outcomes (psychosocial, role-based, clinical) for
emerging adults who best represent these combined patterns of both AOD and ASB over
time. Based on recent findings (i.e. Jackson et al., 2005; Sher et al, 2011), we expected to
identify at least four distinct trajectory classes defined by both AOD and ASB over time.
Given the high-risk nature of the sample, we expected most individuals to have elevations in
both AOD and ASB at baseline, and subsequent trajectories would be characterized as
follows: 1) increasing/persistent on both domains, 2) decreasing on both domains, 3)
increasing/persistent AOD and decreasing ASB, and 4) increasing/persistent ASB and
decreasing AOD. In general, we expected that baseline characteristics known to confer risk
for either substance use and/or ASB problems (i.e. male gender, early onset of CD
symptoms and substance use) would be most strongly associated with the trajectory
characterized by increasing/persistent levels on both domains. Based on the cumulative risk
hypothesis (see Appleyard et al, 2005 for review), which posits that more risk factors
(including problem behaviors such as AOD and ASB) leads to more clinical problems across
development, we expected this trajectory would also be associated with the most negative
emerging adult outcomes. Conversely, the trajectory characterized by decreases on both
domains would have better psychosocial outcomes, greater likelihood of adult role
attainment, and lower rates of clinical disorders.
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This study reports on a sample of youth who participated in studies on familial transmission
and genetic linkage of SUDs and CD (for more detailed information, see Stallings et al.,
2003; Hopfer et al., 2003; Hartman et al, 2006). Between 1993 and 2007, youth were
recruited from three sites: 352 participants were in substance use treatment programs in
Denver, Colorado; 202 adjudicated adolescents were identified through Colorado criminal
justice records as adjudicated adolescents; and 245 participants were from alternative
schools for behaviorally troubled youth or treatment programs in San Diego, California. All
youth (n=799) met inclusion criteria for having at least one CD symptom and one SUD
symptom at initial assessment. From this original sample, those who completed a follow-up
interview and were at least 19 years old at followup were included in the current study
(n=536, 67.1%).

Of the total sample (n = 536), 51% were White, non-Hispanic and 73% were male.
Participants were an average of 16.1 years (SD = 1.19, range = 13-19 years) at enrollment
and 22.6 years (SD = 2.00, range = 19-30 years) at follow-up. The time from enroliment to
follow-up was an average of 6.2 years (SD = 1.42, range = 3-10 years). Approximately 39%
of participants were recruited from Denver substance use treatment programs; 23% were
recruited through the Colorado criminal justice system; and 38% were recruited from
schools for troubled youth or treatment programs in San Diego.

A series of attrition-based analyses were conducted to compare the current sample (n=536)
to those original participants who were excluded (n = 263). The two groups did not differ on
age, ethnicity, religiosity, antisocial behavior index, substance use index, age of onset of
first conduct symptom, and age of substance use onset (youngest age that either alcohol or
drugs was used). The retained sample had a higher proportion of females (27% vs. 20%) and
more years of education at baseline (9.6 years vs. 9.3 years). There was a significant site
difference in follow-up (F(2,796) = 23.47, p < .001) with 84% of the San Diego sample
followed compared to 60% of the Colorado sites. Due to concerns about the impact of
recruitment site on study outcomes, it was treated as a covariate in all subsequent analyses.

At the baseline assessment (age range 13-19 years), each youth was asked to report on
substance use and ASB for the past year. At the follow-up assessment (age range 19-30
years), in addition to providing ratings for the past year, participants also provided
retrospective reports on these behaviors at age 18 years and at age 21 years. In total, a
majority of participants provided AOD reports at three (44%) or four ages (25%) and most
provided ASB reports at three (47%) or four different ages (43%).

Substance use—At both baseline and follow-up, substance use was assessed using the
Composite International Diagnostic Interview-Substance Abuse Module (CIDI-SAM)
(Crowley et al., 2001). The CIDI-SAM provided diagnostic data regarding the lifetime and
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past-year occurrence of abuse and dependence symptoms for ten different drug classes
according to DSM-I11-R and/or DSM-1V criteria.

A “substance use index” (heretofore referred to as “AOD”) was created based on the CIDI
review of the past-year frequency of use of alcohol, marijuana, and other illicit drugs. The
frequency of use for each item ranged from 0 (“no use™) to 7 (“more than once a day”), and
the composite index had a range of 0-21. An EFA conducted on these three indicators at
baseline and followup showed they loaded on one single factor. The mean levels of AOD
fluctuated across time, with the highest overall levels reported at 17 years (mean = 11.24,
SD=4.46) and lowest levels at 20 years (mean = 7.65, SD = 4.13). The retrospective reports
of AOD at ages 18 and 21 years were correlated (r = .51, p <.001).

Antisocial behavior—At baseline, CD was assessed using the Diagnostic Interview
Schedule for Children (DISC) which is a highly structured interview that can be
implemented by lay interviewers and has strong psychometric properties (Piacentini et al.,
1993; Schwab-Stone et al., 1993; Shaffer et al., 1993). Participants reported on behaviors
representative of CD including the 13 symptoms using DSM-I11-R criteria and 15 symptoms
using DSM-IV criteria. At follow-up, participants were interviewed with the Diagnostic
Interview Schedule (DIS-1V) (Helzer et al., 1987). The DIS-IV is a structured interview for
adults that uses DSM-IV criteria (American Psychiatric Association, 1994). The DIS-IV
assessed antisocial personality disorder (ASPD) symptoms and diagnosis.

An “antisocial behavior index” (heretofore referred to as “ASB”) was created from items
that were assessed both at baseline and follow-up. These behavioral domains included: law/
rule-breaking, truancy/irresponsibility, stealing/deceitfulness, property destruction, and
fighting/aggression. Individuals were coded 0 (“none”), 1 (“1 behavior”), or 2 (“2 or more
behaviors™) for each of these domains endorsed in the past year (possible range of 0-10)
(items derived from Moffitt et al, 1996). An EFA conducted on these five items at baseline
and followup suggested that the indicators were unidimensional, loading on a single factor.
Across time, the highest overall levels of ASB were reported at 15 years (mean = 6.32, SD =
2.32) and lowest levels at 24 years (mean = 1.48, SD = 1.63). The retrospective reports of
ASB at ages 18 and 21 years were correlated (r =.76, p < .001).

Demographic variables—Information regarding age, gender, ethnicity, years of
education, and religiosity (5-item measure adapted from Jessor & Jessor, 1977) were
assessed to help characterize group differences at baseline among the bivariate trajectory
classes.

Emerging adult outcomes—A range of psychosocial outcomes hypothesized to relate to
AOD and ASB were examined to assess overall functioning in emerging adulthood
(Anderson et al, 2010). These outcomes included graduating from high school, past year job
loss, past year incarceration, past year relationship problems, and past year serious illness/
injury. In addition, the role-based outcomes of current employment, household income,
marital status, and parent status were examined as outcomes in these analyses. The AOD-
related outcomes of past year seeking help for substance use and lifetime history for alcohol
treatment also were examined.
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Statistical Analyses

Our analyses involved the following phases: 1) identifying trajectory classes of AOD and
ASB separately, 2) estimating trajectory classes based on both AOD and ASB over time, 3)
examining baseline characteristics across bivariate trajectory classes, and 4) testing
associations between bivariate trajectory classes and emerging adult psychosocial and
clinical outcomes. Trajectory classes were identified using latent class growth analysis
(LCGA; Nagin, 1999) which assumes individual variability in growth trajectories, but uses a
latent categorical variable to identify subgroups defined by similar patterns of change. Here,
within-class variance and covariance estimates for growth factors are constrained to zero,
allowing relative homogeneity within trajectory groups. LCGA does not assume the literal
existence of distinct, homogenous subgroups in the population, but is best considered a
statistical technique for approximating a continuous distribution of trajectories of unknown
shape (Nagin & Odgers, 2010). The effects of time were modeled using chronological age to
examine age-related patterns from adolescence to emerging adulthood, similar to previous
investigations of this developmental period (Windle et al., 2005). We modeled linear and
quadratic age effects, expecting nonlinear peaks in emerging adulthood for both domains
given previous studies of these behaviors.

In our dual LCGA, latent class was defined by longitudinal trajectories of AOD and ASB.
The key feature of this approach and novelty over previous methods is the specification of
similar patterns on both variables within the latent trajectory class. All available AOD and
ASB data points were included in LCGA via the restricted maximum likelihood function
(estimator=MLR), an appropriate technique with data missing at random (Schafer &
Graham, 2002); age-specific observations of ASB were missing completely at random
(Little’s MCAR test (88) = 103.76, p=.12) while the same test suggests that AOD data were
missing completely at random once the retrospective reports from 18 and 21 years were
removed (Little’s MCAR test (40) = 39.33, p=.50). Models with one to six classes were
evaluated using data from the range of 15-24 years (intercept centered at the youngest age,
15 years); data reported at ages outside this range were not included in the estimation of the
LCGA models due to concerns about sparseness and model convergence (1-7% of the
sample had data at ages not included in analyses). Model fit was evaluated according to
interpretability and common statistical indices (Nylund et al., 2008; Ramaswamy et al.,
1993), with better fit indicated by (a) lower Bayesian information criterion (BIC), entropy
above .80 and closer to 1.0, all class proportions greater than 1%, and statistically significant
Lo-Mendell-Rubin likelihood ratio test (LMR-LRT) and bootstrapped likelihood ratio test
(BLRT). It is common for mixture models to have multiple maxima (Hipp & Bauer, 2006;
McLachlan & Peel, 2000), so each model was estimated with the random starts algorithm in
MPIlus, using 300 random starts and 30 final stage solutions (Muthén & Muthén, 1998—
2012). The final selected model was then re-analyzed with 7,000 random starts and 60 final
stage solutions to minimize the risk that the reported model was a product of local (and not
global) maxima.

A series of multinomial logistic regressions were examined to determine how the trajectory
classes varied on baseline characteristics. If either ANOVA omnibus F-test or Fisher’s exact
test was significant, post-hoc corrected pairwise comparisons were evaluated. A similar
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procedure was used to determine whether trajectory class membership predicted emerging
adult outcomes measured at follow-up. For each outcome significantly predicted by
trajectory class membership, we examined pairwise differences between trajectory groups.
Covariates for each logistic regression included gender, baseline age, recruitment site, and
baseline substance dependence (for diagnostic outcomes).

Identification of Single Trajectory AOD and ASB Classes

For AOD, a 2-class model fit the data best (the posterior probabilities for class assignment
was .92 for both classes). The larger class (55% of sample) is best described as “Persistent
High” (intercept=11.03 (p < .001), linear slope=0.69 (p < .01), quadratic slope=-.07 (p <.
05) and the second class (45% of sample) is best described as “Decreasers” (intercept=11.13
(p <.001), linear slope= —1.62 (p < .001), quadratic slope= .10 (p > .05).

For the ASB LCGA, a 3-class model fit the data best (the posterior probabilities for class
assignment ranged from .92—.97 for these classes). The largest class (61% of sample) is best
described as “Rapid Decreasers” (intercept=5.62 (p < .001), linear slope= -1.56 (p < .001),
quadratic slope= .12 (p < .001); the next largest class (28% of sample) is considered
“Gradual Decreasers” (intercept=6.54 (p < .001), linear slope= -.73 (p < .001), quadratic
slope=.03 (p > .05); and the smallest class (11% of sample) is labeled “Increase-Decrease”
(intercept=6.26 (p < .001), linear slope= .85 (p < .001), quadratic slope=-.12 (p < .001).

Identification of Bivariate Trajectory Classes

Next, we estimated LCGA models with 2 to 6 classes defined by both AOD and ASB over
time. There was improvement in model fit with each successive model, up to 5 classes (BIC
= 16710, entropy = .822, LMR-LRT p < .05, BLRT p <.001). The 6-class model yielded a
non-significant LMR-LRT (p = .11) and the BLRT did not result in successful bootstrap
draws, thus the 5-class solution (whose estimates were confirmed after rerunning with 7,000
random starts and 60 final stage optimization) was selected; the posterior probabilities of the
5-class solution ranged from .84 to .96. Figure 1 displays the estimated means of AOD and
ASB for each class across time, and Table 1 displays the class-specific means of the latent
growth factors.

Class 1: Dual Chronic (9.3%)—Individuals most likely to be assigned to this class had
the most severe and persistent patterns of both AOD and ASB. They had the highest initial
levels of AOD with no significant change in AOD over time. Baseline ASB was high, and
this was the only class associated with a significant increase in ASB over time, which is
most apparent from baseline to age 18 years.

Class 2: Increasing AOD/Persistent ASB (17.7%)—The defining feature of
individuals assigned to this class was consistently high AOD, as it was the only class with a
significant increase in AOD over time. As seen in Figure 1, AOD increased during middle to
late adolescence, leveled off around age 20-21 years, and remained higher at follow-up than
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at baseline despite this early peak. Baseline ASB was slightly lower than Class 1, with a
non-significant declining trend in ASB over time.

Class 3: Persistent AOD/Adolescent ASB (29.5%)—Individuals most likely
assigned to this class were distinguished by consistently elevated levels of AOD use and
rapidly declining ASB. Baseline AOD was elevated and there was no change in the rate of
AOD over time. The rapid decline in ASB by age 18 suggested that ASB for this group was
limited to adolescence.

Class 4: Decreasing Drugs/Persistent ASB (11.8%)—Individuals most likely
assigned to this class had the second highest rates of baseline AOD, and this class had the
largest decrease in AOD over time. Follow-up analyses showed that the largest reduction
was in marijuana use with a more modest reduction in other drug use; alcohol use declined
slightly through 21 years, but returned to near-baseline levels at older ages. Individuals
associated with this class had the highest levels of baseline ASB and there was a decline in
ASB. At older ages, this class still had levels of ASB second only to Class 1, despite
declines in ASB over time.

Class 5: Resolved (31.7%)—Individuals most likely assigned to this class had rates of
initial AOD similar to Classes 2 and 3, and there was a rapid decline in AOD over time
which was fairly linear from early adolescence through age 21 years (and then stabilized at
low levels). Rates of initial ASB were the lowest of the sample and there was a rapid decline
of ASB by age 18 years (reflecting adolescent-limited ASB, much like Class 3).

Baseline Characteristics of Trajectory Classes

Next, we examined whether baseline characteristics predicted latent trajectory class
membership (see Table 2). There were more males in Dual Chronic, Increasing AOD/
Persistent ASB and Persistent AOD/Adolescent ASB classes compared to those in the
Decreasing Drugs/Persistent ASB and Resolved classes. There was a significant omnibus
effect of baseline age on class, however no post-hoc corrected pairwise comparisons were
significant. Those assigned to the Resolved class had a significantly older age of CD
symptom onset and drinking onset compared to the other groups. Those endorsing hard drug
use at baseline were more likely assigned to Dual Chronic, Increasing AOD/Persistent ASB,
or Persistent AOD/Adolescent ASB classes compared to those in the Decreasing Drugs/
Persistent ASB or Resolved classes. There were no significant trajectory class differences on
ethnicity, years of education, religiosity, and age of substance use onset.

Bivariate Trajectories and Emerging Adult Psychosocial/Role-Based Outcomes

Trajectory class predicted a range of psychosocial outcomes (see Table 3). Individuals
assigned to Dual Chronic had lower high school completion rates and higher past-year
incarceration rates compared to all other classes. Those assigned to Persistent AOD/
Adolescent ASB had lower high school graduation rates compared to the Resolved class,
while those assigned to Increasing AOD/Persistent ASB had higher recent incarceration rates
than those associated with Persistent AOD/Adolescent ASB. Individuals assigned to Dual
Chronic, Increasing AOD/Persistent ASB, and Decreasing Drugs/Persistent ASB had the
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highest rates of recent job loss and past-year relationship problems. The Resolved class had
rates of past-year serious illness/injury rates significantly lower than all other classes.
Trajectory class did not predict role-based outcomes. Rates of current employment,
household income, being married, and having children were generally highest in the
Resolved class and lowest in the Increasing AOD/Persistent ASB class, but these differences
were not significant.

Bivariate Trajectories and Emerging Adult Diagnostic Outcomes

Trajectory class membership predicted clinical outcomes at follow-up. All diagnostic
outcomes were predicted by trajectory group (see Table 3). Individuals most likely assigned
as Dual Chronic had higher alcohol dependence rates than all other classes, and those
associated with Resolved had lower alcohol dependence rates than all other classes. Those
assigned to Dual Chronic, Increasing AOD/Persistent ASB, and Persistent AOD/Adol escent
ASB classes had higher rates of marijuana dependence than those assigned to Resolved;
those assigned to Dual Chronic and Increasing AOD/Persistent ASB classes had higher
marijuana dependence rates than those assigned to Decreasing Drugs/Persistent ASB.
Individuals assigned to Dual Chronic and Increasing AOD/Persistent ASB classes had
higher rates of other drug dependence than those assigned to Persistent AOD/Adol escent
ASB, Decreasing Drugs/Persistent ASB, and Resolved classes; those associated with
Persistent AOD/Adolescent ASB had higher rates of other drug dependence than the
Resolved class. Individuals assigned to Dual Chronic and Increasing AOD/Persistent ASB
classes had greater rates of any substance dependence than those assigned to Classes
Persistent AOD/Adolescent ASB, Decreasing Drugs/Persistent ASB, and Resolved classes;
those assigned to Persistent AOD/Adolescent ASB and Decreasing Drugs/Persistent ASB
classes also had greater rates of any substance dependence than those assigned to Resolved.
Individuals assigned to Dual Chronic had higher rates of ASPD than all other classes, while
those assigned to Increasing AOD/Persistent ASB and Decreasing Drugs/Persistent ASB
classes had higher ASPD rates than those assigned to Persistent AOD/Adolescent ASB and
Resolved classes. Trajectory class did not predict seeking treatment for alcohol/drug use in
the past year, but did predict lifetime history of alcohol treatment. The rate of lifetime
alcohol treatment for Resolved was lower compared to all other classes; in addition, the
lifetime treatment rates for Dual Chronic was higher than the rate for those considered
Persistent AOD/Adolescent ASB.

Discussion

The current study provides several key contributions to our understanding of how two
correlated high-risk problem behaviors progress over time in a sample of severely affected
youth. While prior studies have examined trajectories of AOD and ASB separately and
described how these two constructs are related over time, the current study is to our
knowledge the first to utilize bivariate mixture modeling, which provides a greater level of
detail regarding the clinical course of concurrent AOD and ASB over time. The five
identified bivariate trajectories were consistent with patterns outlined in the study
hypotheses: increasing/persistent on both domains (represented by both Dual Chronic and
Increasing AOD/Persistent ASB), decreasing on both domains (Resolved), increasing/
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persistent AOD and decreasing ASB (Persistent AOD/Adol escent ASB), and increasing/
persistent ASB and decreasing drug use (Decreasing Drugs/Persistent ASB). The baseline
predictors of trajectory classes largely replicates previous studies; however, this was the first
study to show that unique patterns of AOD and ASB over time differentially predict a wide
range of psychosocial and diagnostic outcomes (with those classified into more severe
trajectories experiencing more adverse consequences). Furthermore, the results indicate that
high-risk emerging adults acquire adult roles similarly, regardless of their involvement with
AOD and ASB over time.

Overall, our findings are consistent with previous research on AOD trajectories over this
developmental period. The AOD-only analyses revealed two predominant patterns
(Persistent High and Decrease) that were largely replicated in the bivariate approach. The
longitudinal patterns of AOD observed in Increasing AOD/Persistent ASB, Persistent AOD/
Adolescent ASB, Decreasing Drugs/Persistent ASB, and Resolved classes roughly
correspond to the “increasing,” consistently “high,” “decreasing”, and consistently “low”
patterns seen in previous studies (i.e. Feldman, Masyn, & Conger, 2009; Jackson & Sher,
2005; Schulenberg et al., 1996). Consistent with prior research, results indicated that poorer
outcomes in emerging adulthood were associated with classes characterized by increasing
and persistent AOD. An additional smaller fifth group (Dual Chronic) exhibited levels of
AOD that started and remained “extremely high” compared to the AOD rates for the rest of
the sample. Clearly, these individuals persist on a severely maladaptive developmental path
and had the poorest outcomes for clinical diagnoses (i.e. 84% rate of ASPD and 76% rate of
any substance dependence) and adverse psychosocial functioning in emerging adulthood
(i.e. a 36% rate of past-year incarceration).

Perhaps because this sample was high in adolescent ASB at baseline, the majority (~91%)
demonstrated a pattern of decline in ASB by emerging adulthood in both the ASB-only and
dual trajectory analysis, even in classes with persistent substance use (Increasing AOD/
Persistent ASB and Persistent AOD/Adolescent ASB). The rapid ASB decline in Persistent
AOD/Adolescent ASB and Resolved classes approximated an “adolescent-limited” pattern of
ASB commonly described in the literature (i.e. Moffitt & Caspi, 2001; Odgers et al., 2007,
2008). In comparison, only Dual Chronic reflected a pattern similar to “life-course
persistent” with continually high ASB into emerging adulthood. We did not observe
chronically-high ASB in combination with declining AOD, which may suggest that severe
ASB rarely persists into emerging adulthood without conjoint problematic substance use.
Thus, persistent ASB in emerging adults appears to increase the risk for substance-related
problems, indicating the potential benefit of initially targeting ASB (as opposed to AOD)
through prevention/intervention efforts with this high-risk population.

As hypothesized, our findings regarding predictors and outcomes in relation to the bivariate
trajectory classes were generally consistent with previous studies (i.e. Anderson et al., 2010;
Lee et al., 2010; Schulenberg et al., 2005; Windle, Mun, & Windle, 2005): Males were more
likely to comprise the higher substance-using classes (Dual Chronic, Increasing AOD/
Persistent ASB, and Persistent AOD/Adol escent ASB); greater than 80% of individuals
associated with these classes also reported drug use at baseline compared to rates of ~64% in
the other two classes; mean age of CD symptom onset was similar across all groups (7.6-8.5
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years) except for those in the Resolved class, (9.1 years); and mean age of first drink was
also similar across all groups (11.9-12.8 years) except for those in the Resolved class, (13.1
years). Thus, these known risk factors for both AOD and ASB separately also increase risk
for involvement in combined comorbid trajectories. Note that the trajectory classes were
similar on age of first substance use, age, ethnicity, year of education, and religiosity.

Regarding psychosocial outcomes in emerging adulthood, the national rates for job loss have
ranged from 2—4% over the past 10 years (http://data.bls.gov), past-year incarceration is
consistently about 1% of the U.S. adult population (http://www.bjs.gov), and 85% of adults
aged 25 years and older reported high school completion or equivalent (http://
www.census.gov). In comparison, those assigned to the Dual Chronic class had the highest
rates for past-year job loss (33%) and past-year incarceration (36%) and the lowest rate of
high school completion (26%). Thus, individuals associated with extreme levels of both
substance use and ASB throughout adolescence typically report the most negative life
outcomes in emerging adulthood. Compared to the Dual Chronic class, individuals
classified to the Increasing AOD/Persistent ASB class had lower rates of past year
incarceration (20%) and higher rates of high school graduation (57%). These relatively
better outcomes are unsurprising given that the ASB patterns for the Increasing AOD/
Persistent ASB class were not as consistently elevated as seen in the Dual Chronic class.
Persistent AOD/Adolescent ASB and Decreasing Drugs/Persistent ASB classes had similar
rates for all outcomes except for past-year relationship problems which was markedly higher
in Decreasing Drugs/Persistent ASB (52% vs 27%). For these outcomes, there appears to be
a cumulative risk conferred by increasing levels of both AOD and ASB as seen in the Dual
Chronic class and, to a lesser degree, the Increasing AOD/Persistent ASB class. As AOD
and/or ASB trajectories decrease (as seen in the other three classes), so do these levels of
negative psychosocial outcomes. These findings are consistent with studies identifying the
risk of AOD or ASB alone on emerging adult functioning, while also highlighting the
impact of cumulative risk of AOD and ASB together on psychosocial outcomes.

While there were trajectory class differences in psychosocial outcomes, there were no
significant differences in the attainment of adult roles in this sample. The employment rate
for all classes (46—-64%) was well below the typical employment rate of 84-93% for adults
aged 20-24 years in the past 10 years (http://data.bls.gov). The marriage rate (9—-15% across
classes) and rate of having a child (24-42% across classes) were both higher than the
national marriage rate (~8%) and parent rate (~22%) for 20-24 year olds (http://
www.census.gov). It should be noted that both marital and parental status are somewhat
ambiguous in terms of how adaptive the mere acquisition of these roles are to individual
development and functioning, particularly in high-risk emerging adults (Little et al., 2009);
future research should evaluate these outcomes from a broader perspective by examining
qualities such as satisfaction and quality of marital and parent roles in this population.
Regardless, this increased likelihood of adult role attainment combined with poorer overall
psychosocial functioning highlights the lasting impact of adolescent substance use and ASB
on subsequent life domains. One surprising result was the lack of class differences on
household income; even the Dual Chronic class had a mean self-reported income level
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equivalent to the other groups, despite a lower rate of employment. Future research should
obtain more detailed information on the sources of income in high-risk populations.

In terms of diagnostic outcomes, those in the Dual Chronic class were associated with
extreme elevations in past-year alcohol dependence (66%) and ASPD (84%) diagnoses,
whereas both the Dual Chronic and Increasing AOD/Persistent ASB classes had the highest
rates of past- year marijuana dependence, other drug dependence, and any substance
dependence. Persistent AOD/Adolescent ASB and Decreasing Drugs/Persistent ASB classes
had similar rates for all outcomes except for past year marijuana dependence (15% vs. 8%)
and ASPD (14% vs. 62%). Thus, it appears the high initial levels of ASB associated with
Decreasing Drugs/Persistent ASB have long-term impacts on subsequent clinical outcomes,
even though ASB decreased significantly over time for this group. The group with the best
outcomes (Resolved) still had rates of substance dependence (19%) and ASPD (9%) higher
then would be observed in the general population. The Resolved group also had the lowest
rates of lifetime alcohol treatment (24%), suggesting that many of these individuals were
able to “mature out” of or “naturally recover” from problematic adolescent drinking without
the assistance of formal treatment services. There was a striking discrepancy between past-
year rates of any substance dependence (ranged from 19-76% across classes) and past-year
rates of seeking help for substance use problems (ranged from 1-10% across classes); the
most extreme example in the Persistent AOD/Adolescent ASB class with 41% substance
dependent but only 1% seeking treatment in the past year. The relations between various
combinations of AOD and ASB and diagnostic outcomes are more nuanced than the
findings from previous studies examining AOD and ASB separately. For example, persistent
ASB associated with high levels of ASPD (Increasing AOD/Persistent ASB and Decreasing
Drugs/Persistent ASB) predicted similar levels of alcohol dependence, but differential levels
of drug dependence based on AOD patterns over time. The Persistent AOD/Adolescent ASB
and Decreasing Drugs/Persistent ASB classes had equivalent levels of substance
dependence in emerging adulthood, but those with persistent ASB past adolescence
(Decreasing Drugs/Persistent ASB) had levels of ASPD about four times higher.

Overall, the poor psychosocial and diagnostic outcomes in the more extreme trajectory
classes support targeted intervention and secondary prevention efforts for youth exhibiting
these characteristics early in adolescence. Similarly, having an older age of onset of CD
symptoms, alcohol use, and drug use (potential prevention targets in adolescence) were all
predictive of the high-risk youth in the Resolved class which had the most successful
outcomes in emerging adulthood. It is possible that programs shown to prevent ASB in
childhood and adolescence (such as Family Check-Up (Van Ryzin & Dishion, 2012) and
Linking the Interests of Family and Teachers (Eddy et al., 2000) may be difficult to
implement in high-risk youth already exhibiting these behaviors. Components of these
programs might be adapted for these populations depending on the available resources and
support systems. Similarly, treatment approaches for adolescent ASB, such as Multisystemic
Therapy (Henggeler et al, 2009), could be adapted for older adolescents who have strong
family and caregiver support. There is evidence that cognitive behavioral therapy (Armelius
& Andreassen, 2007), motivational interviewing (Rotgers & Maniacci, 2006), and
dialectical behavior therapy (McCann et al., 2000) can be effective in reducing ASB and
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ASPD in various populations; there is also a robust literature that CBT and MI-based
treatment approaches are effective in reducing problematic adolescent substance use
(Belendiuk & Riggs, 2014; Jensen et al., 2011). Given the overall poor outcomes in these
high-risk youth, additional research focused on targeted early prevention and intervention
may lead to significantly reduced social and economic burden to society.

While findings from the current study highlight the importance of examining both AOD and
ASB across time, there are several caveats that should be noted. First, the sample was of
moderate size and was comprised entirely of high-risk youth; the generalizability of these
findings is limited and it is unknown how these behaviors might develop over time in more
normative samples of youth. Second, the main outcomes of interest were obtained through
self-report, and retrospective reports at ages 18 and 21 years were prone to recall bias.
Finally, as with many studies employing mixture modeling and similar techniques, there is
caution against reifying trajectory groups or assuming them to have clinical or theoretical
meaning (Nagin & Tremblay, 2005). As such, study findings are considered statistical
abstractions of the data (Sher, Jackson, Steinley, 2011) and additional replications and
complementary analytic approaches are needed to increase confidence that these bivariate
trajectory groups indeed represent valid subgroups over time. Future studies employing
more frequent assessments of AOD and ASB across developmentally sensitive time periods
are needed to provide a more nuanced understanding of the dynamic relationship between
these constructs. The availability of intensive longitudinal data would allow researchers to
evaluate which factors influence changes in both AOD and ASB over time.
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Estimated means of AOD and ASB bivariate trajectory classes.
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