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Abstract

Externalizing symptoms robustly predict adolescent substance use (SU); however, findings
regarding internalizing symptoms have been mixed, suggesting that there may be important
moderators of the relationship between internalizing problems and SU. The present study used a
longitudinal community sample (A=387, 55% female, 83% White) to test whether externalizing
symptoms moderated the relationship between internalizing symptoms and trajectories of alcohol
and marijuana use from early (age 11-12 years old) to late (age 18-19 years old) adolescence.
Two-part latent growth models were used to distinguish trajectories of probability of use from
trajectories of amount of use among users. Results suggested that externalizing symptoms
moderated the association between internalizing symptoms and probability of alcohol, but not
marijuana use. The highest probability of alcohol use was observed at high levels of externalizing
symptoms and low levels of internalizing symptoms. A negative protective effect of internalizing
symptoms on probability of alcohol use was strongest in early adolescence for youth high on
externalizing symptoms. Although moderation was not supported for amount of use among users,
both domains of symptomology were associated with amount of alcohol and marijuana use as
first-order effects. High levels of externalizing symptoms and low levels of internalizing symptoms
were associated with high levels of amount of use among users. These findings suggest that
developmental models of substance use that incorporate internalizing symptomology should
consider the context of externalizing problems and distinguish probability and amount of use.

Keywords
Internalizing problems; externalizing problems; substance use; trajectories

Author contact information: Craig R. Colder, Department of Psychology, Park Hall, University at Buffalo, Buffalo, NY 14260,
ccolder@buffalo.edu, 716-645-0190, Fax: 716-645-3801.

Conflict of Interest: The authors declare that they have no conflict of interest.

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent: Informed consent was obtained from all individual participants included in the study.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Colder et al.

Page 2

Many developmental models of adolescent substance use (SU) include mental health
symptoms, which are commonly organized into two broad domains of externalizing
symptoms (e.g., delinquency and aggression) and internalizing symptoms (e.g., anxiety and
depression; Achenbach & Rescorla, 2001; Lahey et al., 2004). Externalizing symptoms (e.g.,
delinquency, aggression) robustly predict adolescent SU and evidence accumulated from
decades of research support externalizing symptoms as part of a developmental cascade that
sets in motion a sequence of negative socialization processes that culminate in early onset
and escalation of SU (e.g., Dodge et al., 2009).

Although internalizing symptoms are frequently discussed as being involved in the etiology
of adolescent SU often through a self-medication mechanism (Khantzian, 1997), the
association between this domain of symptoms and adolescent SU has been equivocal
(Colder, Chassin, Lee, & Villalta, 2010; Hussong, Jones, Stein, Baucom, & Boeding, 2011).
One possible explanation for mixed findings is that the association between internalizing
symptoms and adolescent SU may depend on other moderating variables. Given the high
rates of co-occurrence of internalizing and externalizing symptoms in adolescence (Angold,
Costello, & Erkanli, 1999) and the robust pathway from externalizing symptoms to
adolescent SU, externalizing symptoms are an important context within which to consider
the effects of internalizing symptoms on SU. Although studies have found that the effects of
internalizing symptoms on adolescent SU are diminished when statistically controlling for
externalizing symptoms (e.g., King, lacono, & McGue, 2004), few studies have considered
externalizing symptoms as a potential moderator. Another possibility is that the risk or
protective status of internalizing symptoms may depend on whether growth in the
probability of use or amount of use is examined as the outcome. In this paper, we test
whether externalizing symptoms moderated the association between internalizing symptoms
and trajectories of alcohol and marijuana use, and whether this interaction effect operated
differently for probability and amount of use using a two-part growth model.

In one of the few developmental accounts of the role of internalizing problems in the
development of adolescent SU, Hussong et al. (2011) suggested that the high co-occurrence
internalizing and externalizing symptoms and the strong influence externalizing symptoms
on SU during this period may obscure the unique effects of internalizing symptoms on
adolescent SU. One possibility they considered is that externalizing symptoms may operate
as a moderator of the relationship between internalizing symptoms and adolescent SU. A
few studies have tested the interaction between externalizing and internalizing symptoms
predicting adolescent SU with mixed results. Maslowsky and Schulenberg (2013) found
support for a synergistic interaction such that high levels of depressive symptoms were
associated with high levels of SU, but only when conduct problems were high. Depression
symptoms were unrelated to SU at low levels of conduct problems. This pattern was
consistent across alcohol, cigarette, and marijuana use. One key limitation of this study was
that the data were cross-sectional, making it difficult to determine direction of effects. This
is of concern with respect to the association between depression symptoms and SU as there
is evidence that SU can increase depression symptoms (Marmorstein, lacono, & Malone,
2010; McCarty et al., 2012).
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In prior work we used a longitudinal design to test whether the interaction between
internalizing and externalizing symptoms in early adolescence (11-12 years old) predicted
adolescent alcohol and drug use (a composite of cigarette, marijuana, and other illicit SU) 2
years later (Scalco et al., 2014). Results supported moderation, but contrary to Maslowsky
and Schulenberg (2013), the nature of this interaction suggested a protective effect of
internalizing symptoms. High levels of internalizing symptoms were prospectively
associated with low levels of SU, and this protective effect was only evident at high levels of
externalizing problems. This suggests that internalizing symptoms dampen risk associated
with externalizing symptoms. Mason, Hitchings, and Spoth (2008) found a similar
moderating pattern in a longitudinal study that included early adolescent conduct disorder
and depression symptoms (age 11 years) predicting late adolescent SU (age 18 years). In the
current study, we extend this prior work by examining whether the interaction between
internalizing and externalizing symptoms in early adolescence predict escalation of alcohol
and marijuana use during adolescence into young adulthood.

In examining potential interactive effects on trajectories of SU, we distinguished trajectories
of probability of use from trajectories of amount of use. In their developmental account,
Hussong et al. (2011) posited that youth who experience high levels of internalizing
symptoms may be delayed in the onset of SU, but that once initiated, SU would escalate
rapidly. Delayed onset for these youth may be due to fear of potential negative consequences
of use or because of social withdrawal that protects them from peer contexts that support
SU. However, as youth age, SU becomes more normative and acceptable, and perceptions of
risk of SU decline (Johnston, O’Malley, Bachman, & Schulenberg, 2010), and these changes
may spur drug naive youth to try alcohol and drugs. Once they initiate, youth experiencing
internalizing symptoms may be motivated to use drugs and alcohol to relieve emotional
distress through a self-medication mechanism (Johnson, Mullin, Marshall, Bonn-Miller, &
Zvolensky, 2010; Khantzian, 1997; Stewart, Zvolensky, & Eifert, 2001), resulting in
escalation in levels of use.

This developmental framework suggests that internalizing symptoms may be associated with
slow increases in the probability of SU. This protective effect on probability of use might
occur regardless of levels of externalizing (unconditional effect) or might be most evident at
high levels of externalizing symptoms (moderation) consistent with our prior work (Scalco
et al., 2014). In contrast, internalizing symptoms may increase risk for escalation of amount
of SU, particularly in the context of high externalizing symptoms (moderation). Youth who
experience high levels of internalizing symptoms may be motivated to self-medicate
emotional distress, and high levels of externalizing symptoms may place youth in risky peer
contexts that provide access to alcohol and drugs and support use. This would be consistent
with a synergistic interaction similar to the one supported by Maslowsky and Schulenberg
(2013). Although a few studies have examined predictors of trajectories of probability of use
and amount of SU, none have examined the proposed interaction between internalizing and
externalizing symptoms (e.g., Brown, Catalano, Fleming, Haggerty, & Abbott, 2005;
Capaldi, Stoolmiller, Kim, & Yoerger, 2009).
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The Current Study

Method

Participants

Although prior work has examined whether the interaction between internalizing and
externalizing symptoms predict adolescent SU, several important gaps remain in the
literature. No studies have considered whether the interaction between internalizing and
externalizing symptoms predict trajectories of SU. Furthermore, no studies have
distinguished the potential different role of internalizing symptoms on trajectories of
probability and amount of SU. The current study addressed these gaps and provides a
developmental extension of prior work to clarify the role of internalizing symptoms in
etiology of adolescent SU. Since Scalco et al. (2014), we have collected four additional
waves of data that now span early (age 11-12) to late adolescence (age 18-19). We model
trajectories of use/no use (probability of use) and amount of SU as a two-part growth model
(Olsen & Schafer, 2001), and test whether the interaction between internalizing and
externalizing symptoms in early adolescence predicts these trajectories.

The current sample was drawn from a longitudinal study of adolescent SU. A community
sample of 387 adolescents and a caregiver was recruited using random-digit dialing (RDD)
procedures and both listed and unlisted telephone numbers. RDD was particularly well
suited for the current study considering 98.5% of households in sampling frame (Erie
County, NY) have a landline. Adolescents were eligible for the study if they were between
the ages of 11 or 12 at recruitment, and did not have any disabilities that would preclude
them from either understanding or completing the assessment. Recruitment started in April
2007 and was completed in February 2009. For more information about recruitment
procedures, eligibility criteria, and sample description see Trucco, Colder, Wieczorek,
Lengua, and Hawk (2014).

The current study utilized data from Waves 1 through 7 of the longitudinal project. The
average age of participants was 11.6, 12.6, 13.6, 14.6, 15.5, 16.6, and 17.9 at Waves 1-7,
respectively. The sample was approximately evenly split on gender (55% female) and was
predominantly non-Hispanic Caucasian (83.1%) or African American (9.1%). Median
family income at Wave 1 was $70,000 and 6% of the families received public assistance
income. The sample demographics compared well to demographics of families within our
sampling frame, which was Erie County, NY (see Trucco et al., 2014).

Overall retention across waves was strong; after Wave 1, sample size varied between 354
(91%) to 373 (96%). Chi-square and ANOVA analyses were conducted using data from the
first assessment to determine whether there was differential attrition over time. No
significant differences between participants who completed all interviews and those not
present for at least one assessment were found for minority status (minority vs. majority),
X2[1, N=386]= 0.72, p=.40, ¢=.04), gender, X2[1, N=387]= 1.26, p=.26, ¢=.06, age, A1,
386]=0.04, p= .84, &=0.03, parental education (some high school or high school graduate,
technical school or some college, college degree or beyond), X2[2, A=387]=1.19, p=.55, ¢=.
05, marital status (caregiver married vs. not married), X2[1, N=387]=2.48, p=.12, ¢=.08,
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family income, A1, 361]=1.29, p=.26, ¢=0.18, lifetime alcohol, X2[l, N=387]=1.82, p=.18,
¢=.07 or cigarette use X2[1, N=387]=.35, p=.55, ¢=.03, internalizing problems, A1,
386]=2.67, p=.10, a= 0.24, or externalizing problems, A1, 386]=3.74, p=.05, ¢=0.27. This
lack of differences and associated small effect sizes, the low rate of attrition, and our data
analytic approach (full information maximum likelihood estimation), which permitted
inclusion of cases with missing data, suggest that missing data likely had a limited impact on
our findings.

Interviews at Waves 1-3 were conducted annually in university research offices.
Transportation was provided for families (1 caregiver and 1 adolescent) upon request. Before
beginning the interviews research assistants obtained consent from caregivers and assent
from adolescents. Research assistants interviewed the caregiver and adolescent in separate
rooms to enhance privacy. Data collection involved the administration of behavioral tasks
evaluating different cognitive abilities as well as computer administered questionnaires
assessing a wide range of family, peer, and individual level risk and protective factors for the
initiation and escalation of adolescent SU. In this report, we focus on behavior problem and
SU measures. Families were compensated $75, $85, and $125 dollars at Waves 1-3,
respectively.

Waves 4-6 consisted of an annual brief telephone administered audio-Computer Assisted
Self Interview (CASI) of SU that took 10-15 minutes to complete. Parents provided consent
over the phone and were given a phone number and PIN for their adolescent to use. Assent
from the adolescent was obtained at the initiation of the audio-CASI survey.

Wave 7 assessments occurred approximately 13 months after the Wave 6 assessment.
Procedures were similar to those used in Waves 1-3. Given the age of our sample at W7,
some adolescents had moved away from home and were no longer living locally (most of
those who relocated did so to attend college). We did not want to exclude these adolescents
from participating and so we offered the option of completing the questionnaires remotely
(V=18 or 5% of the W7 sample completed the questionnaires remotely and not in our
research offices). Adolescents were compensated $125 for completing the full assessment or
$50 for completing only the online questionnaire. Caregivers were compensated $40.

Substance Use—SU items were taken from National Youth Survey (Elliott & Huizinga,
1983). Marijuana use (including hashish, hash, THC, pot, grass, weed, and reefer) was
assessed at W1-W6 with a fill-in-the-blank item that asked adolescent to report how many
times in the past year they used marijuana. At W7 the response format changed to 9-point
response scale (1 = not at allto 8 = everyaay), and this scale was converted to represent the
number of days of marijuana use in the past year (e.g., 1 day/week was converted to 52).

Adolescents reported alcohol use without parental permission at W1-W6 using two fill-in-
the-blank items (past year frequency and typical number of drinks consumed on drinking
days). A drink was defined as 12 ounces of beer, 1 wine cooler (12 0z.), 1 glass of wine (4
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0z.), 1 shot of liquor (1 ¥ 0z.), or 1 mixed drink. At W7 the response format for past year
frequency of alcohol use changed to an 8-point response scale (1=not at all to 8=everyday),
and this scale was converted to represent the number of drinking days in the past year as
described above. Typical quantity of alcohol use at W7 was assessed using a past 90-day
daily drinking calendar (Collins, Parks, & Marlatt, 1985). Typical quantity of consumption
at Wave 7 was computed by taking the average number of drinks consumed across drinking
days. A quantity by frequency index was created to represent the total number of drinks in
the past year for Waves 1-7. For each wave, extreme outliers were assigned values at three
standard deviations above the mean (Tabachnick & Fidell, 2007). Descriptive statistics of
SU variables are presented in Table 1.

Behavior Problems—Hussong et al. (2011) suggested elevated levels of internalizing
symptoms in a circumscribed period of time (e.g., a given month or year) may be less
germane to trajectories of SU than chronic or stably high internalizing symptoms.
Accordingly, we combined symptom reports across 3 years in early adolescence to represent
chronic levels of symptoms. Problem behavior was assessed using the Youth Self Report
(YSR) form of the Achenbach System of Empirical Behavioral Assessment (ASEBA,
Achenbach & Rescorla, 2001). We removed the SU items to eliminate item overlap with our
outcomes of interest (alcohol and marijuana use). The rule-breaking (12 items) and
aggressive scales (17 items) were combined by taking the average of the items to form an
externalizing problems scale score at each wave. Cronbach’s alpha was .95 at each wave.
The withdrawn depressed (8 items) and anxious depressed (13 items) scales were combined
into an internalizing problems scale at each wave. Cronbach’s alpha ranged from .81 to .87.

Analysis Plan

Hypotheses were tested using structural equation modeling with a latent variable interaction
estimated in Mplus version 7.3 (Muthén & Muthén, 1998-2012). Missing data were handled
using full information maximum likelihood. Our final model of interest included latent
variable interactions between externalizing and internalizing behavior problems predicting
growth in SU specified as two-part growth models. Our two-part growth models followed
Olsen and Schafer (2001). These models involved simultaneous estimation of dichotomous
use (no/yes) and log transformed continuous use when use occurred. When no use occurred
in a given year, the corresponding continuous use variable was set to missing. We first
modeled growth in the dichotomous and continuous variables separately before estimating
the full two-part model. Alcohol and marijuana use were examined in separate models.
Marijuana use at Waves 1-2 was rare (see Table 1) as would be expected given the age of
our sample. Given the low rates use at these assessments, marijuana use was modeled using
Waves 3-7. Alcohol use trajectories were estimated using all waves (Waves 1-7). Time was
coded such that the intercept was specified as use at Wave 3 to provide temporal precedence
between behavior problems and intercepts of the growth models. We compared a variety of
parameterizations of time, including polynomial (linear and quadratic trends), piecewise,
and nonlinear proportional change (Bollen & Curran, 2006). We do not report the results of
all of these model comparisons, but rather focus on our final most parsimonious and best
fitting model. Nested test results are available from the first author upon request.
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After the unconditional two-part growth models were estimated we introduced the
behavioral problems factors that included the latent variable interactions of interest.
Behavior problem factors were estimated using the latent moderated structural equations
approach (Klein & Moosbrugger, 2000) with maximum likelihood robust (MLR) estimation.
Externalizing and internalizing problems were each specified by three indicators (W1-W3
scale scores). SU growth factors were regressed on the behavior problem factors and their
latent interaction. We estimated three conditional growth models by sequentially adding
behavior problem latent factors. Model | included internalizing symptoms. Model Il
included both internalizing and externalizing symptoms, and Model 111 added the latent
interaction. This allowed us to examine how the effect of internalizing symptoms changed
when externalizing symptoms was added as a predictor. All models included age and gender
as statistical control variables. In the case of statistically significant interaction effects, we
plotted model implied trajectories at low (10t and 25t percentile) and high (75t and 90t
levels of behavior problems.

Descriptive Analysis

As expected given the age of our sample, rates, and amount of marijuana (frequency) and
alcohol (quantity x frequency) use were low at our earlier waves and increased over time
(see Table 1). This suggests that our study was well suited to examine escalation of SU that
is common during adolescence. Descriptive statistics and correlations for behavior problem
variables at each wave are presented in Table 2. Age and gender at Wave 1 were also
included. None of the behavior problem variables correlated significantly with age. All other
correlation coefficients were statistically significant and above .20 (no correlation exceeded .
75). Across wave stability coefficients were moderate to strong and positive for both clusters
of symptoms. Correlations also indicated moderate to strong associations between
externalizing and internalizing problems.

Unconditional Two-Part Growth Models

Marijuana Growth Models—Non-linear slope factors provided a good fit to the data for
both the dichotomous and frequency marijuana use variables. For dichotomous marijuana
use, the first four loadings of the slope factor were fixed and the last was freely estimated (0,
1, 2, 3, 5.21 for W3-W?7, respectively). We followed the default parameterization for growth
models with binary observed variables and estimated the thresholds with intercepts of
observed variables constrained to zero. The slope factor mean, M= 0.88, p<.01, and factor
loadings indicated an increase in the probability of use that was particularly pronounced
between W6 and W7. Significant variance in the intercept, o2 = 9.01, p<.01, and slope, o2 =
0.38, p<.05, suggested individual variability in growth trajectories. The intercept and slope
factors were unrelated, covariance = —0.58, p>.35. The model chi-square is the only model
fit statistic available when modeling growth in binary observed variables, and this index
suggested that our model provided a good fit to the data, X2(25) =29.10, p>.05.

For frequency of marijuana use among marijuana users, the first two slope factor loadings
were fixed and the remainder were freely estimated (0, 1, 1.92, 2.32, 4.30 for W3-W?7,
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respectively). The slope factor mean, M= 0.41, p<.05, suggested an increased in frequency
of marijuana use over time for marijuana users, with a sharp increase between W6 and W7
as indicated by the factor loadings. There was significant variance in the intercept, o2 = 1.0,
p<.01, but not in the slope, 2 = 0.12, p>.30. The intercept-slope covariance was not
statistically significant, covariance =-.05, £>.60. This model fit the data well, X2(7) =6.52,
p>.05, CFI =1.0, TLI = 1.01, RMSEA = .00.

The final model combined growth factors for both dichotomous and continuous variables
into a two-part model. Loadings for the slope factors were constrained to the estimates from
the unconditional models and covariances between the growth factors for the dichotomous
and continuous variables were estimated. There was no variability in the slope factor for
frequency of marijuana use, and therefore, only covariances between intercepts and the slope
factor for the dichotomous variables were estimated. The only statistically significant
covariance across growth models was between the intercepts, covariance=3.54, p<.01,
suggesting that high probability of marijuana use was associated with high frequency of use
at Wave 3. The likelihood ratio chi-square test for the growth model for the dichotomous
variables suggested good fit to the data, X2(26) = 28.06, p>.05. No other model fit statistics
are available for this model.

Alcohol Growth Models—Non-linear slope factors for the dichotomous and continuous
alcohol use variables provided a good fit the data. For the slope factor of the dichotomous
variables, the first three factor loadings were fixed and the last four were freely estimated
(-2,-1,0,0.26, 0.64, 0.93, 1.26 for W1-W?7, respectively). The slope mean was positive
and statistically significant, M= 2.88, p<.01, suggesting an increasing trend in probability of
alcohol use. There was significant variation in the intercept, o2 = 8.10, p<.01, and slope, o2
= 1.63, p<.01. The covariance between the intercept and slope was negative, covariance =
-1.66, p<.01, suggesting that a high probability of alcohol use at Wave 3 was associated
with a slower than average increase in probability of drinking. The final model for the
dichotomous variables fit the data well, X2(119) =108.07, p>.05.

The non-linear growth model for quantity x frequency of alcohol use for drinkers included
fixed factor loadings for the first three waves and then freely estimated loadings thereafter
(-2,-1,0,2.22, 261, 3.77, and 6.86 for W1-W?7, respectively). The slope factor mean, M=
0.61, p=.01, and factor loadings suggested that quantity x frequency of use for drinkers
increased over time with a particularly steep increase between W6 and W7. There was
significant variance in the intercept, o2 = 0.94, p<.01, and slope, o2 = 0.02, <.05,
suggesting individual differences in the trajectories. The covariance between the intercept
and slope factors was not statistically significant, covariance = 0.02, p=.47. Model fit was
significantly improved with the addition of a covariance between use at W5 and W6,
covariance = 0.94, p<.01, and this covariance was retained in our final model. The final
model provided adequate fit to the data, X2(19) =25.89 p>.05, CFIl = .95, TLI = .95,
RMSEA = .04.

The final model combined growth models for the dichotomous and continuous alcohol
variables into a two-part model. Loadings for the slope factors were constrained to the
estimates from the unconditional models and covariances across the growth models were
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freely estimated. Two covariances across the growth models were statistically significant
(between the intercepts, covariance=3.87, p<.01, and between the intercept of the continuous
variables and the slope of the dichotomous variables, covariance=-0.69, p<.05). The final
unconditional two-part alcohol growth model provided a good fit to the data, X2(119) =
108.08, p>.05.

Conditional Two-Part Growth Modelsl,2

The behavior problem measurement model (externalizing & internalizing symptoms) was
tested before adding these latent factors as predictors to our two-part growth models.
Modification indices suggested the addition of covariances across time for internalizing at
W1 and W2, and within time covariances for observed symptom variables at W1 and W3.
Factor loadings for each indicator were constrained to be equal across waves. The final
model fit the data well, X2(7): 8.03, p>.05, CFI =.999, TLI =.998, RMSEA = .02. Factor
loadings were all statistically significant (p<.05) and standardized loadings ranged between
0.68 and 0.93. There was significant variance in both latent factors (s < .05), and R? for the
indicators ranged from .46 and .86. Next, these factors were introduced into our two-part
growth models.

Conditional Marijuana Growth Models—Resulting path coefficients from the three
conditional marijuana models are presented in Table 3. Model | shows that high levels of
internalizing symptoms were associated with high probability of marijuana use at W3 (a
statistically significant path to the intercept of the dichotomous variables). However,
internalizing symptoms emerged as a protective factor when examined in the context of
externalizing symptoms (Model 11). In Model Il, high levels of internalizing symptoms were
associated with a low probability of marijuana use at W3 (a marginally statistically
significant path to the intercept of the dichotomous variables) and slower than average
increase in probability of use (a statistically significant path to the slope of the dichotomous
variables). High levels of externalizing symptoms were associated with a high probability of
use at W3 and with high frequency of use for users at W3 (statistically significant paths to
both intercepts). There was no evidence for the internalizing x externalizing symptom
interaction factor predicting the growth factors (Model I1I).

Conditional Alcohol Growth Models—The initial conditional models for alcohol use
did not converge. However, when the non-significant covariance between the slope and
intercept growth factors of the continuous variables was constrained to zero, the models

1\e also considered the possibility that our proposed moderational model might be different for anxiety and depression symptoms.
There is some evidence that subdomains of internalizing symptoms may operate differently in the etiology of adolescent SU (Colder et
al., 2010). Accordingly, we used the ASEBA Diagnostic Statistical Manual (DSM) — oriented scales for anxiety and affective
symptoms (depression symptoms), and tested interactions between these clusters of symptoms and externalizing symptoms.
Interaction effects for anxiety by externalizing and depression by externalizing replicated across both alcohol and marijuana models.
That is, only the slope for probability of alcohol use was predicted by the interaction terms. Moreover, the strength of the anxiety by
externalizing and depression by externalizing interactions on the slope were similar, f = 5.51, p<.01 and p = 5.80, p<.01, respectively.
This suggests that depression and anxiety do not operate differently in our moderational model predicting trajectories of alcohol and

marijuana use.

Multiple group models were used to test for potential gender differences in relations between the symptom variables and growth
factors. To do this, we computed observed symptom variables and their cross-products. Nested model tests revealed no significant
gender differences in the association of externalizing and internalizing symptoms and the interaction term with marijuana use,

Ay 2(12) = 16.02, p>.05, or alcohol use, Ay 2(12) = 12.79, p>.05, growth factors.
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converged without any problems. Hence, subsequent two-part models for alcohol
constrained this covariance to be zero. Estimates from the three conditional alcohol models
are presented in Table 4. In Model I, internalizing symptoms associations were similar for
the growth factors of the dichotomous and continuous variables. High levels of internalizing
symptoms were associated with high probability use at W3 and with high quantity x
frequency of alcohol use for drinkers at W3 (statistically significant paths to both intercepts).
Like the marijuana use models, the effects of internalizing symptoms became more clearly
protective when examined in the context of externalizing symptoms (Model I1). In Model 11,
high levels of internalizing symptoms were associated with low probability of alcohol use at
W3 and with low quantity x frequency of use for drinkers at W3. High levels of
externalizing symptoms were associated with a high probability of alcohol use at W3 and
with high levels of quantity x frequency of use for drinkers at W3 (both intercepts), and with
slower than average increases in probability of use (slope of the dichotomous variables). The
latter effect is likely attributable to low probability of use at earlier waves (e.g., W3) and an
increase in probability of use that occurs later for low externalizers relative to high
externalizers.

Model 111 shows that the internalizing x externalizing interaction predicted the growth
factors for the dichotomous variables, but not for the continuous variables. Our approach to
estimating latent variable interactions estimates the latent means to be zero, and hence, the
first-order effects in Model 111 represent the effects of internalizing symptoms at average
levels of externalizing, or conversely, the effects of externalizing symptoms at average levels
of internalizing symptoms. The conditional trajectories for the growth model of the
dichotomous variables are presented in Figure 1 (conditioned on the 25t and 75t
percentiles of externalizing symptoms in Panel A and on the 10t and 90™ percentiles in
Panel B). At the early assessments (W1 and W2), high externalizing symptoms were
associated with increased the probability of drinking, and there is little evidence of an effect
of internalizing symptoms unless observations were at the extremes of externalizing
symptoms. At the extremes of externalizing symptoms, as shown in Panel B, high levels of
internalizing symptoms were associated with decreased probability of use, but only among
youth at the 90™ percentile of externalizing behavior problems. By W7, this protective effect
of high internalizing problems was evident for youth both high and low on externalizing
symptoms (Panels A and B of Figure 1).

To test when the protective effect of internalizing symptoms became similar for youth high
and low on externalizing symptoms, we re-estimated six additional growth models changing
the specification of the intercept to W1, W2, and W4-W?7. The internalizing x externalizing
interaction factor was a statistically significant predictor of the intercept for dichotomous
variables when it was specified at W1, W2, W4, and W5, £5=-11.80 to —3.23, ps < .05, and
the nature of this interaction was similar to that described in our main analysis with W3
specified as the intercept. However, the path coefficient from the internalizing x
externalizing interaction factor to the intercept of dichotomous variables was not statistically
significant when the intercept was specified at W6 and W7, 5=-2.12 to —3.12, ps>.30. The
first-order effect of internalizing symptoms on the W6-W?7 intercepts was statistically
significant and negative, fs=—2.91 to —3.12, ps<.05. This pattern suggests that internalizing
symptoms were protective for youth, regardless of levels of externalizing symptoms at W6
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and W7. However, at the earlier waves, internalizing symptoms were only protective for
youth high in externalizing symptoms.

Also evident from Figure 1 is that the combination of high externalizing symptoms with low
internalizing symptoms is associated with the highest probability of use. This was true at all
waves and was most apparent at the extremes of behavior problems. The combination of low
externalizing and low internalizing symptoms, descriptive of youth who are free of mental
health symptoms, was associated with a low probability of drinking at W1-Wa3 followed by
a more rapid increase than the sample average trajectory (depicted by the solid black line)
after W4,

Discussion

The literature examining the association between internalizing symptoms and adolescent SU
is mixed with studies showing that internalizing symptoms are unrelated to adolescent SU
and operate as both a risk and protective factor (Colder et al., 2010). We examined two
issues that may account for these inconsistencies. First, we tested a moderational model
whereby externalizing problems were expected to moderate the impact of internalizing
symptoms on growth in adolescent SU. Second, we distinguished between trajectories of
probability of use and amount of use for users because the risk and protective status of
internalizing symptoms may be different for these outcomes. Our findings suggested that
externalizing symptoms moderated the association between internalizing symptoms and
trajectories of probability of alcohol use, and that this interaction was negative consistent
with a protective effect. Although the proposed interaction was not supported for probability
of marijuana use, or for frequency of marijuana use or quantity x frequency of alcohol use,
there was evidence for protective first-order effects of internalizing symptoms on these
outcomes. These findings are considered in turn below.

Our moderational model was only supported for probability of alcohol use, and the nature of
this interaction was consistent with internalizing symptoms operating as a protective factor
by reducing the likelihood of drinking. This is consistent with internalizing symptoms
delaying initiation of alcohol use as suggested by findings of Sung, Erklani, Angold, and
Costello (2004). This protective effect showed an interesting developmental pattern. In early
and middle adolescence (W1-WS5), internalizing symptoms only served a protective function
for youth high in externalizing symptoms. However, in late adolescence (W6-W?7), there
was evidence for a general protective effect internalizing symptoms regardless of levels of
externalizing symptoms. High rates of use and early initiation of alcohol use have been
linked to externalizing symptoms (e.g., Dodge et al., 2009; King et al., 2004), and this early
starter pattern likely provides enough variability in early adolescence for internalizing
problems to serve a protective function for youth elevated on externalizing symptoms.
Probability of use started out lower and increased later for youth low in externalizing
symptoms, and hence, the emergence of the protective effect of internalizing symptoms was
delayed for these youth. Prior studies examining mediational pathways suggest that a likely
mechanism for this protective effect is that internalizing symptoms decrease affiliations with
deviant peers who support and model SU, and who provide access to drugs and alcohol
(Fite, Colder, & O’Connor, 2006; Mason et al., 2008; Scalco et al., 2014).

J Abnorm Child Psychol. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Colder et al.

Page 12

These moderational findings build on similar findings reported in the literature, but offer a
richer account of developmental processes. In contrast to prior studies that used only one or
two repeated assessments (Mason et al., 2008; Scalco et al., 2014), we used seven time
points to chart the unfolding of SU from early adolescence into young adulthood. Moreover,
prior work has not distinguished probability of use from amount of use, which is an
important distinction when characterizing escalation of use during adolescence. Our findings
suggest an important caveat for previously observed interaction effects of externalizing and
internalizing symptoms. That is, internalizing symptoms decrease the probability of alcohol
use, and the timing of this protective effect depends on the co-occurrence of externalizing
symptoms, but this is not true for predicting amounts of use for users (frequency of
marijuana or quantity x frequency of alcohol use). This might help explain some
inconsistencies in the literature as the association between internalizing symptoms and SU
depends on age of the sample, levels of co-occurring externalizing symptoms, and the
outcome examined.

Our moderational findings are in contrast with some prior work suggesting heightened risk
for adolescent SU as the result of co-occurring high internalizing and high externalizing
symptoms (e.g., Marmorstein & lacono, 2001; Riggs, Baker, Mikulich, Young, & Crowley,
1995). These studies did not formally test moderation, and they used grouping strategies,
rather than operationalizing symptoms dimensionally, and included clinical or high risk
samples. These differences likely account for discrepancies in findings. The nature of risk
associated with co-occurrence of internalizing and externalizing symptoms may very well
operate differently in normative community samples, such as the case in our study, versus
high risk clinical samples.

In contrast to probability of alcohol use, we found limited support for an interaction
predicting growth in probability of marijuana use. Age of onset of marijuana use compared
to alcohol use is typically later (Substance Abuse and Mental Health Services
Administration, 2010), and this is consistent with prevalence rates of use in our sample as
well as others (Johnston, O’Malley, Miech, Bachman, & Schulenberg, 2014). There was no
lifetime marijuana use at the first assessment in our study, and rates of marijuana use were
consistently lower than rates of alcohol use. As marijuana use continues to increase in later
waves, we may begin to see a more robust interaction emerge.

Although the proposed internalizing x externalizing interaction was also not supported as a
predictor of growth in amount of use for users (frequency of marijuana use and quantity x
frequency of alcohol use), there was evidence for internalizing symptoms as a protective
first-order effect on the intercepts of these outcomes. That is, high levels of internalizing
symptoms were associated with low frequency of marijuana use and with low quantity x
frequency of alcohol use. This protective effect did not emerge until externalizing symptoms
was included in the model. Furthermore, in the case of alcohol use, the effect of internalizing
problems on the intercept of probability and quantity x frequency of use was positive and
flipped to be negative only when externalizing symptoms were included in the model. This
pattern was also evident when predicting the intercept for probability of marijuana use and it
might further help to explain inconsistencies in the literature. That is, the strength and
direction of the association between internalizing symptoms and SU seems to depend on
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whether unique effects of internalizing symptoms are examined above and beyond
externalizing symptoms.

Neither internalizing nor externalizing predicted growth in the amount of use among users
(either as a main effect or an interaction). Once an adolescent chooses to use marijuana or
alcohol, it is possible that other more proximal cognitive, social, or biological factors
influence escalation of amount of use. In the cognitive domain, outcome expectancies are
likely to shift after initial experimentation with drugs and alcohol (e.g., Colder et al., 2014;
Colder et al., in press) and may be more influential in the escalation in amount of use. Social
context may also be important. There is ample evidence that social norms are important
influences of adolescent and young adult SU (e.g., Borsari & Carey, 2003) and that youth
interested in SU are likely to select into peer groups that support SU (e.g., Scalco, Trucco,
Coffman, & Colder, 2015). Hence, after initiation and selection into a substance using peer
group, social normative influences may drive escalation in amount of use. In the biological
domain, current models of adolescent risk behavior emphasize the role of brain development
during this period (Steinberg, 2008). These models emphasize the combination of a rapid
increase in motivation for reward and sensations seeking, and slow development of self-
regulation to explain increases in adolescent risk behavior, including substance use. These
neural changes may play a more proximal role in escalation in amount use relative to
internalizing and externalizing symptoms.

Limitations and Conclusions

Results from this study should be understood within the context of certain limitations. First,
our study included a community sample that was assessed from early to late adolescence,
and may not generalize to high risk or clinical samples, or to older ages as youth transition
out of the teen years. There is evidence that the co-occurrence of internalizing and
externalizing problems may operate in a synergistic fashion in clinical samples (Riggs et al.,
1995) and that internalizing problems more consistently predict SU later in adolescence
(Sung et al., 2004) and in early adulthood (Hussong et al., 2011). This suggests that findings
regarding interactive effects may depend on sample characteristics. Second, we did not
examine use-related problems. Internalizing symptoms may be more strongly linked to use-
related problems than to use (Hussong et al., 2011). Examining use-related problems was
beyond the scope of the current study, in part because our sample is just now aging into a
high risk period for the development of SU problems. However, examining the proposed
moderational model with respect to use-related problems remains an important direction for
research. Third, internalizing and externalizing symptoms are higher-order symptom
domains composed of multiple symptom clusters. Although we did not have strong a priori
reasons to expect that the subdomains of externalizing symptoms (e.g., delinquency,
aggression) would differentially moderate the association of internalizing symptoms with
SU, we did consider potential unique effects of anxiety and depression symptoms (see
Footnote 1), and there was little difference in our findings across these symptom clusters.
There are other symptom clusters that might be of interest to the moderational model we
propose (e.g., post-traumatic stress, social anxiety symptoms). A useful direction for future
research may be to extend our work to consider other internalizing symptom clusters.
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Despite these limitations our findings inform current developmental models of adolescent
SU (Dodge et al., 2009; Zucker, 2006). There is currently no developmental model that
accounts for the role of internalizing symptoms in the etiology of adolescent SU. Our
findings suggest that such a developmental model would need to consider the effect of
internalizing symptoms in the context of co-occurring externalizing symptoms and to
distinguish trajectories use/no use and amount of use that span early to late adolescence.
Considering co-occurrence with externalizing problems from a longitudinal perspective will
help clarify the association between internalizing symptoms and adolescent SU. The
protective effect of internalizing symptoms that we observed calls into question whether
self-medication models of SU are relevant to adolescent SU in the general population.
Furthermore, our findings suggest that preventive interventions for adolescent SU that target
internalizing symptoms may have limited utility for unselected community adolescents.
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Panel A: Predicted Probabilities of Alcohol Use
At High (75th Percentile) and Low (25th Percentile) Values of Externalizing and Internalizing
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Panel B: Predicted Probabilities of Alcohol Use
At High (90th Percentile) and Low (10th Percentile) Values of Externalizing and Internalizing

""" HIGH EXT & HIGH INT

= + =LOW EXT & LOW INT

ces HIGHEXT&LOWINT e
— LOWEXT&HIGHINT e

—— OBSERVED VALUES

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 7
Figure 1.

Model Implied Trajectories for Likelihood of Alcohol Use across Levels of Externalizing
(EXT) and Internalizing (INT)
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