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ABSTRACT: There is a need for longitudinal research to understand how psychopathology relates to the onset and maintenance of substance use from
adolescence into young adulthood. Hence, we investigate the longitudinal, reciprocal influences of internalizing (anxiety and depression) and externalizing
(oppositional defiance) symptoms on heavy episodic drinking (HED; =5 drinks per occasion) and alcohol-related harms in a community-based sample of
youth aged 12-27 years. Participants were chosen from the Victoria Healthy Youth Survey, followed six times, biennially between 2003 and 2013 (V= 662).
Analyses used cross-lagged panel models to examine reciprocal relations over time. Differences across age and sex were also tested. Defiance symptoms
predicted increases in HED, which reciprocally predicted increases in defiance symptoms for females. Internalizing symptoms were related to HED
within time for females. Alcohol-related harms had reciprocal positive associations with internalizing and defiance symptoms for both males and females.
Associations were largely invariant across age groups, suggesting that the presence and strength of associations persisted across development. While
psychopathology preceded the onset of HED and harms, the overall findings suggest that these risk processes are mutually reinforcing across development

and that youth may become entrenched in an interdependent cycle that significantly increases their risk of comorbid disorders in adulthood.
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Introduction

A review of prevalence of psychiatric disorders shows that
substance use disorders are the most common diagnoses (12%)
in adolescence and young adulthood, particularly alcohol use
disorders, followed by anxiety (10.7%) and depressive (6%)
disorders and behavioral disorders (3%—4%).1:? Reviews also
confirm the high comorbidity of substance use disorders with
internalizing and externalizing disorders in both clinical- and
community-based samples of adolescents.!>~* With some nota-
ble exceptions, which include children with family histories of
substance use, symptoms of both internalizing and external-
izing problems typically precede the onset of substance use
disorders in childhood and adolescence.”® However, a better
understanding is needed of the course and reciprocal effects of
these concerns from adolescence to young adulthood. While
“adulthood” is often delineated by several legal and social
markers (eg, voting rights, moving out of parents’ home, earn-
ing a living wage, marriage, and child bearing), researchers

have argued that this transitional phase has been elongated
in North American youth and the terms “young” or “emerg-
ing” adulthood designate youth from ~18 years old into the
late 20s.? This is also a period when symptoms of both mental
illness and substance abuse can become entrenched and when
prevention or early diagnosis and intervention are possible.
There is a clear need for longitudinal research to increase
the understanding of how developing and changing levels of
psychopathology are related to the onset and maintenance of
substance abuse and related harms from adolescence to young
adulthood. However, this longitudinal research is complicated
not only by the high comorbidity among these symptoms but
also by the past research showing inconsistent findings related
to sampling (of clinical- vs community-based youth), sex of
participants, measures of psychopathology used (diagnos-
tic categories vs symptom levels), and substance specificity
(alcohol, cannabis, or illegal drugs). In this study, we focus
on the codevelopment of internalizing (anxiety and depressive
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symptoms) and externalizing (oppositional defiance, ie, argu-
ing, blaming others, angry, and resentful'®) symptoms and
problematic substance use by examining the concurrent and
cross-lagged associations among these symptoms and heavy
episodic drinking (HED) and alcohol-related harms over a
period of 10 years, in a community-based sample of youth
aged 12-27 years.

Reviews of past research consistently demonstrate the
high co-occurrence of substance use disorders and other
mental and behavioral problems.®” Much of this work has
focused on clinical samples of youth who meet diagnos-
tic criteria for these comorbid concerns.®'12 However, to
inform early diagnosis and prevention efforts, a better under-
standing of the interrelations among subclinical symptoms
and the trajectories of their development and mutual influ-
ences is needed before disorders are evident.!>!* While pre-
viously considered a disorder of childhood that was either
self-limiting or, more rarely, evolved into more serious con-
duct disorders with deviant and aggressive behaviors by late
adolescence, research demonstrates that symptoms of oppo-
sitional defiance may be common and stable from adoles-
cence to young adulthood.!® Moreover, these symptoms (ie,
defiance, arguing, blaming others, angry, and resentful'®)
may be particularly problematic by young adulthood, if these
behaviors are extended to relationships with authorities at
work or school or to romantic partners.!®!” Hence, we focus
on the associations between oppositional defiance symptoms
and alcohol use problems.

The trajectories of internalizing and externalizing symp-
toms and of alcohol use differ across the transition from ado-
lescence to young adulthood. Using diagnostic criteria, studies
with clinical samples show that internalizing disorders tend
to increase or stabilize in the same period,>¥2! whereas
externalizing disorders such as attention-deficit hyperactivity
disorder (ADHD) and conduct disorders typically decline in
the transition to young adulthood.! On the contrary, alcohol
use becomes increasingly accessible across this age period and
increases in the use of alcohol persist well into young adult-
hood before declines become evident.???3 How differences in
the developmental trajectories of psychopathology and alco-
hol use effect their associations and mutual influences is not
known. In addition, the high comorbidity between internaliz-
ing and externalizing problems is rarely accounted for in stud-
ies of the effects of internalizing and externalizing symptoms
on alcohol use.?*

Most research examining the association between the
development of substance use disorders and mental illness often
consider multiple substances together in studies”?* There is
also some evidence that specific types of psychopathology may
be related to specific types of substances. For example, Farmer

et al.?®

show that externalizing, but not internalizing, disor-
ders predicted cannabis use between ages 16 and 30 years. In
this study, we focus on a commonly used substance (ie, alco-

hol) that becomes increasingly accessible in the transition to

young adulthood. More specifically, HED (defined as the
consumption of five or more drinks in a single sitting?®) may
reflect problematic drinking patterns and both HED and
experiences of alcohol-related harms may herald the onset
of an alcohol use disorder later on.?”?® Again, most research
uses clinical diagnosis of an alcohol use disorder as an out-
come, with little knowledge of how subclinical, yet meaning-
ful, indicators may emerge in response to early mental health
symptoms and similarly how subclinical alcohol indicators
influence psychopathology before the emergence of an actual
alcohol use disorder.®

With specific focus on alcohol use, research shows that

internalizing?®! and externalizing symptoms®>*

are pre-
dictive of alcohol use disorders; yet, most of these studies do
not account for both internalizing and externalizing symp-
toms.?=3! For example, using the National Longitudinal Study
of Adolescent Health (Add Health), Marmorstein®® found
that depressive symptoms and alcohol-use-related problems
(ie, harms) were reciprocally related from early adolescence
into young adulthood (ages 12-26 years); however, externaliz-
ing symptoms were not accounted for. When the comorbidity
between internalizing and externalizing symptoms is controlled
for, some studies do not support the unique effects of internal-
izing symptoms.?** Further, we know little about the recip-
rocal and potentially perpetuating effects (ie, how alcohol use
influences psychopathology) while accounting for both forms
of symptomatology.

The current study investigates the longitudinal, recipro-
cal influences of internalizing (anxiety and depression) and
externalizing (oppositional defiance) symptoms on early indi-
cators of problematic alcohol use (HED and alcohol-related
harms that affect health, work, relationships, and academic
achievement resulting from alcohol use) in a community-
based sample of youth aged 12-27 years. Based on the earlier
literature, we hypothesize that internalizing and externalizing
symptoms would predict the alcohol-use-disorder-related out-
comes over time.*® However, as there is a lack of evidence of
the reciprocal effects (eg, alcohol use predicting mental health
symptoms) across these developmental periods, we cannot
make hypotheses about the effects of indicators of alcohol use
on mental health symptomatology. Additionally, we examine
whether the strength of the associations varies across devel-
opmental time (ie, age groups) by testing for invariance in
parameter estimates across age groups. This allows us to deter-
mine whether associations among internalizing and external-
izing symptoms and alcohol use outcomes are specific to or
stronger at identified developmental periods between ages 12
and 27 years.

We also examine sex differences in the associations
between internalizing and externalizing symptoms and
alcohol use outcomes. Males and females differ in their levels
of alcohol use, with males exhibiting higher levels,* and in the
prevalence and trajectories of mental health problems, with
females showing higher levels of internalizing symptoms and
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males showing higher levels of externalizing symptoms.>

However, research findings regarding sex differences in the
relations between psychopathology and substance abuse are
inconsistent. For example, Colder et al.?* found no sex dif-
ferences in the associations between internalizing and exter-
nalizing symptoms and alcohol, tobacco, and marijuana use
in adolescence. In contrast, Miettunen et al.>? found similar
associations between externalizing symptoms and alcohol
use for males and females, but the longitudinal association
between internalizing and alcohol use was significant only
for females. Although earlier research with this sample shows
expected sex differences, with higher levels of internalizing
symptoms in females and higher levels of both externalizing
symptoms?® and HED?? in males, sex differences in the inter-
relations among these concerns cannot be predicted from the
available scant literature.

Methods

Participants and procedures. Participants were chosen
from the Victoria Healthy Youth Survey (V-HYS), a six-
wave biennial study conducted between 2003 and 2014 (see
Leadbeater et al.?% for further details). The participants were
recruited from a medium-sized Canadian city using random
digit dialing of 9,500 private telephone listings. Of 1,036 eli-
gible households, 662 youth aged 12-18 years (M = 15.52;
standard deviation [SD] = 1.93; 51% female) had parent con-
sent and agreed to participate (64% at Time 1). Retention rates
were high across waves; 87% at Time 2, 81% at Time 3, 70% at
Time 4, 70% at Time 5, and 72% at Time 6. The sample was
85% Caucasian, 4% Asian, 4% mixed/biracial, 3% Aboriginal,
and 4% other. Nineteen percent of both fathers and mothers had
no education beyond high school, whereas 43% of fathers and
49% of mothers had college or university training, suggesting
an economically diverse sample. Time 1 living situation (59%
lived with both of their biological or adoptive parents), paren-
tal education, and ethnicity were almost identical to that of the
population from which the sample was drawn.?* Attrition was
assessed by testing for differences on Time 1 demographics
(age, sex, and mother’s education) and the first measurement
occasion of study variables (Time 1 internalizing symptoms,
oppositional defiance symptoms, Time 1 HED, and Time 3
alcohol-related harms) between youth who remained in the
study (» = 478) and those who did not participate at Time 6
(n = 184). 'The participants who dropped out were more likely
to be males, % (1, 662) = 8.77, P=0.003, had lower levels of
mother’s education, F(1, 655) = 14.90, P < 0.001 (M =2.55vs
3.01), and higher Time 3 harms, * (1, 538) =5.00, P=0.025.
No other group differences were noted.

At each wave, youth and one parent or guardian (for
youth under the age of 18 years) gave written consent for
their participation and received a gift certificate. A trained
interviewer administered the V-HYS in individual inter-
views in the youth’s home or another private place. Skype
or phone interviews were also used when necessary to follow

youth who moved or were traveling. To enhance privacy and
increase responding, questions dealing with private topics
(including alcohol use and mental health symptoms) were
privately completed using a paper questionnaire. For youth
who were interviewed in person, their completed question-
naire was handed over to the interviewer in a sealed enve-
lope. The participants who were not interviewed in person
mailed in their responses. This project was approved by the
University of Victoria Human Research Ethics Board (proto-
col #09-292) and this research complied with the principles
of the Declaration of Helsinki.

Measures. Alcohol use. HED was assessed using the
following item: “How often in the past 12 months have you
had five or more drinks on one occasion?” Response options
ranged from 0 (never) to 4 (more than once a week). The fol-
lowing definition of a standard drink was provided: “When
we use the word ‘drink’, it means: 1) one glass, bottle or can
of beer (about 12 0z.); 2) one glass of wine (about 5 0z.) or a
wine cooler (about 10 0z.); ¢) one drink or cocktail with liquor
(about 1.5 oz. of liquor).” Due to skewness, HED was dichot-
omized into: drinking five or more drinks more often than
monthly (1), and never or a few times/year (0).%

Alcohol-related harms. Six items from the Harmful Effects
of Alcohol Scale (for earlier version see Hilton3’) adapted from
the Personalized Alcohol Use Feedback Scale (http://notes.
camh.net/efeed.nsf/feedback) were collected from Time 3 to
Time 6. Youth were asked: “In the last 12 months, was there
ever a time that you felt your alcohol use had a harmful effect
on your...(1) friendships and social life; (2) physical health;
(3) outlook on life; (4) home life or marriage; (5) work, stud-
ies or employment; and (6) financial opportunities.” Response
options were 0 (no) and 1 (yes). Items were summed and then
dichotomized into: no harm (0) and at least one harm (1). This
method has been used effectively in the past.®

Internalizing and oppositional defiance symptoms. The
brief child and family phone interview (BCFPI)* assesses
criteria for child and adolescent psychiatric disorders using
the Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV), including symptoms of internaliz-
ing (anxiety and depression) and externalizing (oppositional
defiance). Items for each symptom category were rated on a
three-point scale (0 = never, 1 = sometimes, or 2 = often) in
response to the question, “Do you notice that you [...item].”
Example items include; “...worry about things in the future?”
(anxiety; 6 items), “..get no pleasure from your usual activi-
ties?” (depression; 6 items), “..are easily annoyed by oth-
ers?,” and “...argue a lot with others?” (oppositional defiance;
6 items; see Leadbeater and Homel®® for full list of items).
Scores ranged from 0 to 24 for the internalizing symptoms
and from 0 to 12 for oppositional defiance symptoms. Internal
consistencies were high across symptom categories by wave:
0.81-0.89 for internalizing symptoms (0.75-0.82 for anxi-
ety and 0.80-0.86 for depression) and 0.71-0.76 for opposi-
tional defiance symptoms. The BCFPI has been shown to be
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invariant across sex and time in the previous studies using the
V-HYS data.1>20

Socio economic status. Socio economic status (SES) was
assessed as a rating of mother’s education on a five-point scale
ranging from 1 = less than high school to 5 = finished college/
university.

Plan of analyses. To examine the bidirectional associa-
tions among internalizing symptoms, oppositional defiance
symptoms, and alcohol outcomes from adolescence through
young adulthood, the six waves of data were rearranged based
on the participant’s age at each interview. Data were grouped
into two-year age intervals (ie, ages 12-13, 14-15, 16-17,
18-19, 20-21, 22-23, 24-25, and 26-27 years) to maintain
adequate power for analyses. Observations at ages 28-30 years
were not included due to low covariance coverage across time.
Less than 1% of the sample (n = 3) reported HED at ages 12
and 13 years; thus, HED at these ages was not included in the
final models. Alcohol-related harms were measured begin-
ning at ages 16—17 years, and data are not available at earlier
ages. All models controlled for mother’s education given that
alcohol use tends to be higher among higher SESs.*® Mother’s
education was used as a proxy for SES as it is the most com-
monly used SES measure in the literature.*

First, to examine the longitudinal reciprocal effects
among internalizing symptoms, oppositional deflance symp-
toms, and alcohol outcomes, we used cross-lagged panel mod-
els that examined the associations across eight time points
representing ages 12—27 years. Models were run separately
for HED and alcohol-related harms. Each model included
(1) autoregressive paths assessing temporal stability of each
construct over time (ie, internalizing symptoms at ages 12-13
years with internalizing symptoms at ages 14-15 years),
(2) within-time covariances between constructs (ie, internal-
izing symptoms at ages 12—13 years with HED at ages 12-13
years), and (3) cross-lagged paths between all constructs (ie,
internalizing symptoms at ages 12-13 years with HED at
ages 14-15 years). Mother’s education was controlled for in
all analyses.

Second, to determine whether the strength of the associa-
tions varies across development and to establish the most par-
simonious model, we tested whether the autoregressive paths,
within-time correlations, and cross-lagged paths were invari-
ant across time. Invariance was tested by comparing changes in
model fit resulting from imposing and releasing equality con-
straints on each of the model parameters following a bottom-up
procedure (moving from an unconstrained model to a fully con-
strained model) as recommended by Bollen and Curran.*> Con-
straints were tested in the following order: (1) autoregressive
paths, (2) within-time covariances, and (3) cross-lagged paths.

Comparisons of the differences in the log-likelihoods and
the degrees of freedom between the models were used to test
the null hypothesis using the more restricted model fit as well
as the less restrictive model. Nonsignificant differences between
log-likelihoods indicated the constrained model fit as well as

the unconstrained model, signifying that paths were invariant
across time and should be constrained to equality. Incorpora-
tion of constraints in cross-lagged models has been shown to
improve the power to detect the cross-lagged effects.*

Third, we tested whether the strength of the associations
varied across sex. Similarly, sex invariance was tested using
multiple group models.** This method compares the changes
in model fit resulting from imposing and releasing equality
constraints on each of the model parameters following the
same bottom-up procedure (moving from an unconstrained
model to a fully constrained model) as used for testing invari-
ance across time. Nonsignificant differences between log-
likelihoods indicated the constrained model fit as well as the
unconstrained model, signifying that paths were invariant
across sex and should be constrained to equality.

Final models included all relevant time and sex constraints
on parameters, representing the best fitting and most parsimo-
nious model of the longitudinal reciprocal associations among
internalizing, externalizing, and alcohol outcomes. All models
were fit using MPlus 7.11* and full-information maximum
likelihood estimation for missing data. Standard indices were
used to assess model fit (ie, chi-square [¥?] goodness-of-fit test,
RMSEA =0.08, and CFI =0.90 were used to delineate ade-
quate fit). Data were initially run with symptoms of anxiety and
depression considered separately; however, the findings for each
symptom domain were nearly identical so these were combined
to form an overall measure of internalizing to reduce redundancy
and facilitate the ease of interpretation in reporting the results.

Results

Descriptive analyses. Means and SDs for symptoms
of internalizing and oppositional defiance are presented for
males and females in Table 1. Females reported significantly
higher levels of internalizing symptoms at ages 14-15 years
than males. No other sex differences in mean levels of symp-
toms were found. The proportions of the sample endorsing
HED and experiencing alcohol-related harms are reported in
Table 2.'The proportion of males reporting HED was >80% in
each age group after ages 18-19 years, and it was significantly
higher for males than for females (range 25%—-74%) in each
age group, except at ages 20-21 years (males 84% and females
78%). Females were more likely to report alcohol-related harms
in adolescence; however, sex differences in the prevalence of
alcohol-related harms were not significant at any age.

Internalizing symptoms, oppositional defiance
symptoms, and HED. The cross-lagged panel model had
an adequate fit to the data (y? (171) = 473.09, P < 0.05,
RMSEA = 0.05, CFI = 0.91). We examined the longitudi-
nal invariance of the autoregressive, within-time correlations
and cross-lagged pathways among internalizing symptoms,
oppositional defiance symptoms, and HED by comparing
constrained and unconstrained pathways for each. Chi-square
difference tests for comparisons of the unconstrained and con-
strained models revealed the following: auforegressive paths
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Table 1. Mean levels of psychopathology symptoms by age and sex.

Table 2. Prevalence of heavy episodic drinking and alcohol-related
harms by sex.

MALES FEMALES

(48%; n = 320) (52%; n = 342) MALES FEMALES 72

MEAN SD n MEAN SD n (48%; n = 320) (52%; n = 342)
SES 387 136 315 389 139 342 005 1-5 n (%) n (%)
Internalizing Heavy episodic drinking
12-13 707 358 80 754 424 93 060 0-19 12-13 3 (4%) 0 (0%) 3.541 173
14-15 7.84 393 160 9.03 443 183 6.77** 0-23 14-15 40 (25%) 45 (25%) 0.01 343
16-17 8.96 419 258 9.65 4.22 268 3.51 1-22 16-17 167 (65%) 130 (49%) 14.07** 526
18-19 949 438 225 10.08 470 260 198 0-24 18-19 181 (81%) 172 (65%) 12.88™* 481
20-21 954 430 195 948 461 241 002 0-24 20-21 162 (84%) 187 (78%) 2.37 435
22-23 918 476 158 9.23 457 190 0.01 0-24 22-23 135 (85%) 140 (74%) 7.20™ 348
24-25 819 481 139 848 476 156 027 0-21 24-25 120 (86%) 112 (72%) 8.72"* 294
26-27 860 529 104 876 4.39 108 0.06 0-24 26-27 86 (84%) 61 (57%) 18.66™ 209
Oppositional defiance Alcohol-related harms
12-13 420 213 80 3.84 236 93 112 0-11 1617 13 (21%) 25 (32%) 2.01 141
14-15 420 2.36 160 4.53 250 183 1.56 0-12 18-19 34 (31%) 51 (41%) 2.63 234
16-17 4.22 225 258 4.36 2.33 268 052 0-12 20-21 76 (46%) 82 (40%) 119 368
18-19 4.30 2.32 225 398 235 260 2.22 0-12 22-23 63 (40%) 58 (31%) 3.32 348
20-21 3.96 241 195 355 216 241 3.43 0-11 24-25  45(32%) 52 (33%) 0.03 295
22-23 355 230 157 3.54 216 190 0.001 0-11 26-27 33 (32%) 25 (23%) 2.22 210
24-25 3.52 208 139 314 221 156 2.35 0-11 Notes: ***P < 0.001, **P < 0.01, *P < 0.05, TP < 0.10.
26-27 3.28 238 104 312 211 108 0.26 0-10

Notes: ***P < 0.001, **P < 0.01, *P < 0.05.

of internalizing and oppositional defiance symptoms were
invariant over time (Ay? (12) = 10.63, P = 0.56). However,
constrained and unconstrained autoregressive paths for HED
differed significantly (Ay? (5) = 36.02, P < 0.001), suggesting
they were not invariant over time (see Fig. 1). Within-time
covariances between HED and internalizing symptoms were

invariant across time (Ay? (6) = 4.71, P=0.58). Models com-
paring constrained and unconstrained associations between
oppositional defiance symptoms and HED and associa-
tions between oppositional defiance and internalizing symp-
toms differed significantly (Ax? (13) = 39.10, P < 0.001). All
cross-lagged paths among constructs were invariant over time
(Ay? (34) =35.73, P=0.39), suggesting that cross-lagged asso-
ciations among constructs do not change with age. The final
model with the appropriate time-invariance constraints on

12/13 14/15 16/17 18/19 20/21 22/23 24/25 26/27
o - - o o o o
INT INT INT INT INT INT INT INT
'51“' .38‘" ‘29.“ .53"‘ _36** '46"' ,48"' -39...
F=.05 F=.04t F = .05 F= .06 F=.05 F=.06' FE .05t
M =-.03 M=-.03 M= .04 M =-.06 M =-.06 M=-05/ M=-.06
- - o .
HED HED HED nep | %0 nep | HED |63 HED
F=.30" F=.15 F=.14
M =.02 M =.02 M=.03
a0 s - 5 o - -
oDD oDD 0oDD oDD oDD oDD oDD oDD

Figure 1. Autoregressive paths and within-time covariances relating internalizing and oppositional defiant disorder symptoms to regular heavy episodic drinking.
Notes: N =657, ***P < 0.001, **P < 0.01, *P < 0.05, TP = 0.06. Standardized estimates are shown. Cross-lagged paths estimated in this model are shown
in Figure 2 to enhance the readability. Although many unstandardized estimates were constrained to be equal across time and sex, standardized estimates
(shown in the figs.) can still be slightly different over time and sex. When coefficients differed between males and females, estimates were delineated with an
“F” for female and an “M” for male, all other coefficients were constrained across sex.
Abbreviations: INT, internalizing; ODD, oppositional defiant disorder; HED, heavy episodic drinking.
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autoregressive paths, within-time covariances, and cross paths
also fit the data reasonably well (3 (223) = 524.16, P < 0.05,
RMSEA =0.05, CFI =0.91).

Sex differences in the paths were also tested using a mul-
tiple group model. There was a significant difference (Ay?
(77) = 212.44, P < 0.001) between the models in which all
parameters were constrained across sex and a model in which
parameters were unconstrained across sex, suggesting the pres-
ence of sex differences in the associations among parameters
of interest. A series of constrained and unconstrained model
comparisons were used to test for specific sex differences in
autoregressive paths, within-time covariances, and cross-lagged
paths. Findings revealed significant sex differences in (1) within-
time covariances between internalizing symptoms and HED
and oppositional defiance symptoms and HED and (2) cross-
lagged paths between HED and subsequently levels of oppo-
sitional defiance. All remaining paths were invariant across sex
(autoregressive paths: Ay? (7) = 9.38, P = 0.23; within-time
covariances: Ay? (8) = 11.85, P = 0.16; cross-lagged paths:
Ay (5)=5.08, P=0.41).

The final model was a multiple group model that
included all relevant time and sex constraints (see Figs. 1
and 2). Model fit for this model was slightly less than adequate
due to the reduction in power in the multiple group model
(x* (545) = 993.16, P < 0.05, RMSEA = 0.05, CFI = 0.88).
When data for ages from 12-13 to 2627 years were removed
(these are the ages with the lowest covariance coverage), fit
improved (»* (333) = 589.73, P < 0.05, RMSEA = 0.05,
CFI = 0.91), indicating that poor fit was a reflection of poor
covariance coverage at the earliest and latest ages, rather than
poor model fit. All data were retained for the final model. We
present the standardized estimates for the autoregressive and
within-time covariances in Figure 1 and the standardized
estimates for the cross-lagged paths in Figure 2 to enhance
the readability.

As shown in Figure 1, autoregressive paths were invariant
for internalizing (standardized estimates range = 0.50-0.59) and
oppositional defiance (standardized estimates range = 0.49—
0.59) symptoms across each of the approximately two-year
time lags between assessments and were constrained to equality
across sex. HED increased in stability over time for males and
females (range = 0.41-0.71). Within-time correlations between
internalizing and oppositional defiance symptoms were signifi-
cant at each time point for males and females at P < 0.001 and
standardized coefficients ranged from 0.29 to 0.53. At each age,
within-time correlations between internalizing symptoms and
HED were marginally significant for females (range = 0.04—
0.06, P = 0.06) but were not significant for males. Within-time
correlations between oppositional defiance symptoms and HED
were significant for females at ages 14-15, 16-17, and 20-21
years (range = 0.14-0.30) but were not significant for males at
any age.

Cross-lagged paths from internalizing symptoms to HED
and the reciprocal paths from HED to subsequent internaliz-
ing symptoms were not significant at any age for males and
females (Fig. 2). However, oppositional defiance symptoms
predicted increases in HED consistently at every age for both
males and females, and the strength of this association was
invariant across the two-year time lags (range = 0.07-0.08,
P < 0.001) and across sex. Reciprocally, levels of HED also
predicted significant increases in oppositional defiance symp-
toms but only for females (range = 0.05-0.06, P < 0.05).

As expected, the cross-lagged paths from internaliz-
ing symptoms to subsequent levels of oppositional defiance
symptoms (range =0.07-0.11, P < 0.001) and reciprocal paths
from oppositional defiance to internalizing (range =0.09-0.10,
P < 0.001) symptoms were significant and invariant across the
two-year time lags and sex.

Internalizing symptoms, oppositional defiance symp-
toms, and alcohol-related harms. The cross-lagged panel model
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INT

A INT INT A INT

o7

10‘.. 10... 7 e 11 / 09.‘. 10
VT

<

HED

INT A INT INT
/ HED

HED
08~ o7 08
F=.05 F=.06"
M=.01 M=.01
OoDD Y ODD 3 ODD OobD

\/ HED / HED HED
.08 .08™ .08™
F=.05 F=.05 F=.06"
M=.01 M=.01 M=.01

OoDD OoDD OobD

Figure 2. Cross-lagged paths relating internalizing and oppositional defiance to regular heavy episodic drinking.

Notes: N =657, ***P < 0.001, **P < 0.01, *P < 0.05, TP = 0.06. Standardized estimates are shown. Although many unstandardized estimates were
constrained to be equal across time and sex, standardized estimates (shown in the figs.) can still be slightly different over time and sex. Dashed lines
indicate nonsignificant cross-lagged paths. F, female; M, male; all other coefficients are constrained across sex.

Abbreviations: INT, internalizing; ODD, oppositional defiance; HED, heavy episodic drinking.
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examining the associations among internalizing symptoms,
oppositional defiance symptoms, and alcohol harms had an ade-
quate fit to the data (¥? (156) =439.35, P< 0.05,RMSEA =0.05,
CFI = 0.90). Chi-square difference tests for comparisons of the
unconstrained and constrained models revealed the following:
autoregressive paths for internalizing symptoms, oppositional
defiance symptoms, and alcohol-related harms were all across
time (Ay? (16) = 16.51, P = 0.42). Within-time covariances
between alcohol-related harms and internalizing symptoms
and alcohol-related harms and oppositional defiance symp-
toms were invariant across time (Ay? (10) = 8.68, P = 0.56).
As previously shown in the HED model, within-time associa-
tions between oppositional defiance and internalizing symp-
toms varied in strength over time (Ay? (7) = 25.78, P < 0.001).
Cross-lagged paths: as for the alcohol-related harms model,
all cross-lagged paths among constructs were invariant over
time (Ay? (26) = 33.90, P = 0.14), except for the paths from

alcohol-related harms to subsequent internalizing symptoms
(Ay? (4) = 9.38, P = 0.05). The model with the appropriate
time-invariant constraints on autoregressive paths, within-time
covariances, and cross-lagged paths fit the data reasonably well
(% (208) = 498.44, P < 0.05, RMSEA = 0.05, CFI = 0.90).

Sex differences in these paths were tested using a mul-
tiple group model, the model in which all parameters were
constrained across sex fit as well as the unconstrained model
(Ax? (56) = 40.32, P =0.94), suggesting that there are no sig-
nificant sex differences in any of the parameter estimates. Thus,
the final model is presented for the total sample and included
all relevant time invariant constraints (}? (227) = 516.70,
P < 0.05, RMSEA = 0.04, CFI = 0.90). The standardized
estimates for the autoregressive and within-time covariances
for the alcohol-related harm model are shown in Figure 3
and the standardized estimates for the cross-lagged paths in
Figure 4 to enhance the readability.

12/13 14/15 16/17 18/19 20/21 22/23 24/25 26/27
50" 57 55 58" 56 sa g
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¥
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Figure 3. Within-time covariances and autoregressives relating internalizing and oppositional defiance to alcohol-related harms.
Notes: N =657, ***P < 0.001, **P < 0.01, *P < 0.05, 1P = 0.06. Standardized estimates are shown. Although many unstandardized estimates were
constrained to be equal across time, standardized estimates (shown in the figs.) can still be slightly different over time and sex. Cross-lagged paths

estimated in this model are shown in Figure 4 to enhance the readability.

Abbreviations: INT, internalizing; ODD, oppositional defiant disorder; HARM, alcohol-related harms.
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Figure 4. Cross-lagged paths relating internalizing and oppositional defiant disorder symptoms to alcohol-related harms.

Notes: N =657 ***P < 0.001, **P < 0.01, *P < 0.05, TP = 0.06. Standardized estimates are shown. Although many unstandardized estimates were
constrained to be equal across time, standardized estimates (shown in the figs.) can still be slightly different over time and sex. Gray lines are significant,
but coefficients for the cross-lagged paths between INT and ODD are same as in Figure 2 and are not shown here for readability.

Abbreviations: INT, internalizing; ODD, oppositional defiant disorder; HARM, alcohol-related harms.
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Autoregressive paths were similar across each age group
for internalizing (range = 0.50-0.58) and oppositional defi-
ance symptoms (ranged from 0.51 to 0.59) and alcohol-related
harms (range = 0.32—-0.41), and thus, were constrained across
each time lag. Within-time correlations between internalizing
and oppositional defiance symptoms were significant at each
time point at P << 0.001, standardized coefficients ranged from
0.26 to 0.52. Within-time correlations between internalizing
symptoms and alcohol-related harms were marginally signifi-
cant at each age (range = 0.05-0.06, P = 0.06). Within-time
correlations between oppositional defiance symptoms and
alcohol-related harms were nonsignificant at any age.

Asshown in Figure 4, cross-lagged paths from internaliz-
ing symptoms to alcohol-related harms were significant across
every two-year time lag (range = 0.10—0.12), and the strength
of the association was invariant over time. The reciprocal paths
from alcohol-related harms to subsequent internalizing symp-
toms were marginally significant at ages 16—17 to 18-19 years
(P =0.06), and significant at ages 20-21 to 22-23 years, and
ages 24-25 to 2627 years (range = 0.12—0.15). Oppositional
defiance symptoms predicted increases in levels of alcohol-re-
lated harms across each two-year time lag (range = 0.10-0.13,
P < 0.001), and the strength of the association was invariant
over time. In turn, the levels of alcohol-related harms also pre-
dicted significant increases in oppositional defiance symptoms
consistently across the two-year time lags (range = 0.07-0.09,
P <0.01). As in the HED model, the cross-lagged paths from
internalizing symptoms to subsequent levels of oppositional
defiance symptoms and reciprocal paths from oppositional
defiance to internalizing symptoms were significant and stable
across the two-year time lags. Coeflicients are not presented
again in Figure 4 to enhance the readability of Figure 4.

Discussion
Research examining associations between alcohol use and
either internalizing or externalizing problems confirm their
association®11:333445:46 byt has rarely examined each in the con-
text of the other or how these associations change over time.
The current study examined the longitudinal, reciprocal rela-
tions between internalizing (symptoms of anxiety and depres-
sion) and externalizing (symptoms of oppositional defiance)
symptoms and two early indicators of alcohol use problems
(HED and alcohol-related harms) from adolescence to young
adulthood (ages 12-27 years) in a community-based sample.
Consistent with the previous research with this age group,
our findings showed that the onset of internalizing and oppo-
sitional defilance symptoms typically precedes the onset of
HED and alcohol-related problems.®!1:32 While these findings
support theories suggesting that psychopathology precipitates
increases in substance use (ie, self-medication model), it is
also possible that this temporal sequence is simply a func-
tion of maturational processes, whereby the psychopathology
symptoms tend to manifest earlier in time than substance use*’
or before increases in access to alcohol by late adolescence.

In addition, our results replicate the well-established
finding that common externalizing symptoms are strong pre-
dictors of alcohol use disorders.3>**” Oppositional defiance
symptoms were consistently related to increases in HED and
alcohol-related harms across each age point for both males
and females. HED (for females) and experiences of alcohol-
related harms (for both males and females), in turn, predicted
subsequent increases in oppositional defiance symptoms
across all age points. As hypothesized, these findings suggest
that HED and alcohol-related harms are both influenced by
and contributed to externalizing behaviors, and this reciprocal
association persists from adolescence into young adulthood.

The associations between internalizing symptoms and
alcohol use are less consistent in the past research,®?? and stud-
ies that have controlled for the comorbidity between internal-
izing and externalizing symptoms do not support the unique
effects of internalizing symptoms.?3* In the current study,
internalizing symptoms had marginally significant within-
time associations with HED (for females) and alcohol-related
harms and also predicted significant increases in alcohol-related
harms consistently across every age point, after controlling for
externalizing symptoms. Alcohol-related harms, in turn, pre-
dicted further increases in internalizing symptoms across three
of five age points. Overall, the findings suggest that both inter-
nalizing and externalizing symptoms have unique reciprocal
associations with alcohol-related harms and, importantly, these
bidirectional associations are stable across time. The results
demonstrate developmentally cumulative and persistent inter-
dependent associations between psychopathology and alcohol-
related problems across a period of life when health behavior
risks and symptoms of mental illness can become entrenched.
We discuss the findings for HED and alcohol-related harms
separately, indicating that these two concerns are only moder-
ately correlated at each time point (range 0.22-0.37).

Heavy episodic drinking. The current findings showed
stable but weak (P = 0.06) within-time associations between
HED and internalizing symptoms at all age points, for females
in particular. The proportion of females who endorsed HED at
each time point was typically lower and more variable than
the proportion of males. Indeed, >80% of males at each time
point were coded as endorsing HED after ages 16-17 years,
proving limited range for our analyses using proportion scores.
There were no cross-lagged associations between internaliz-
ing symptoms and HED. 'This may reflect the co-occurring
declines in both drinking and internalizing symptoms across
the transition to adulthood.?>2%2348 Previous studies with this
sample showed that HED typically increases until the age of
~21 years and then subsequently declines.?*> Moreover, males
tended to have higher levels of HED and steeper increases
in HED across adolescence compared to females. Paralleling
this trend in drinking patterns, internalizing symptoms also
increase across the transition to young adulthood and then
subsequently begin to decline.!®2%:23 The lack of associations
across time may also reflect the episodic nature of internalizing
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symptoms. Alternatively, it may have been difficult to detect
any unique cross-lagged effects of internalizing symptoms on
HED in the presence of externalizing symptoms as well.

Previous research has also found stronger associations
between internalizing symptoms and HED for females than
males.®2430:324 There is a higher prevalence of depressive symp-
toms in females and less consistency in their HED compared to
males. It may also be that females are more likely to drink to
cope with internalizing symptoms than males or that males who
are coping with internalizing symptoms may be more likely to
withdraw from social contexts in which drinking occurs.?#%

HED and oppositional defiance symptoms were also
associated within time until ages 2021 years, for females, but
not males. Nonsignificant associations at older ages may reflect
the steep declines observed in oppositional defiance across the
transition to adulthood, particularly for females compared to
males, in other studies with this sample.!*?° Consistent with
past research, externalizing symptoms predicted increases in
HED for both males and females.3?** However, the reciprocal
effect from HED to increases in oppositional defiance symp-
toms was also seen for females, but not males. Dawson et al.*
showed that externalizing symptoms and alcohol use tend to
be more common in males, whereas their association is greater
among females.

Alcohol-related harms. In contrast to the results for
HED, gender differences in the associations between inter-
nalizing and externalizing symptoms and alcohol-related
harms were not significant. Oppositional defiance symptoms
showed consistent reciprocal effects with alcohol-related
harms over time after controlling for within-time associations
and autoregressive paths. For the relations between alcohol-
related harms and internalizing symptoms, the cross-lagged
regressions were also significant at most ages: 16—17 to 18-19,
2-21 to 22-23, and 24-25 to 26-27 years. Overall, these find-
ings add support for the mutual maintenance model in which
both psychopathology and substance use serve to maintain or
even exacerbate each other over time in a “vicious cycle.”®#>0

Despite having only weak associations with HED itself,
internalizing symptoms may lead to alcohol use problems
because of high levels of coping expectancies and motives for
drinking among youth who are also coping with internaliz-
ing symptoms. Expectations that drinking will aid coping and
socialization may result in drinking at inappropriate times or
locations, which could lead to problems or harm from their
drinking even at low levels of use.?”* Interpersonal skill def-
icits as a result of internalizing symptoms could also result
in either withdrawal or drinking alone or alternatively, steer
some youth away from mainstream peer associations toward
more deviant peer groups that provide these socially awkward
youth with peer acceptance.?’ Alcohol-related harms may also
create additional sources of stress for these youth, which fuel
internalizing symptoms.*1>2

Youth with externalizing pathology were also more
likely to experience increases in alcohol-related harms. The

strong associations of externalizing symptoms with both
HED and harms suggest that the development of these
concerns may occur within and be supported by a broader
context of antisocial behavior.’® Externalizing problems can
lead to HED and related problems by increased affiliation
with deviant peers who provide opportunities and reinforce-
ment for alcohol use.* Oppositional defiance symptoms
may also relate to difficulties conforming to legal or social
prescriptions, leading to an increased likelihood of expe-
riencing harm from drinking, independent of level of use.
Excessive alcohol use may also reduce inhibitions and self-
control and fuel other externalizing behaviors that more
readily come to the attention of important adults in these
youth’s networks.

Developmental variability in associations. As a result
of age-related changes in social contexts and drinking behav-
ior across the transition to adulthood, as well as changes in
the presentation and prevalence of psychopathology, research-
ers have hypothesized that the etiological role of internalizing
and externalizing symptoms for substance use may change
across development.?*?? Yet, few studies have looked at these
associations across multiple developmental periods. We did
not find evidence of variability in the presence or strength of
associations between psychopathology and alcohol outcomes
from ages 12 to 27 years for HED and ages 16 to 27 years for
alcohol-related harms, respectively. Rather, these associations
were largely invariant across developmental age. Overall, the
findings suggest that these risk processes are instead develop-
mentally cumulative and that youth may become entrenched
in an interdependent cycle that may significantly increase their
risk of comorbid disorders in adulthood.

Strengths and limitations. The current study used a
prospective longitudinal design, allowing us to examine the
possible reciprocal relations of internalizing and externaliz-
ing symptoms with HED and alcohol-related harms at vari-
ous stages of development. We used an economically diverse,
randomly recruited, community-based sample, and we mea-
sured internalizing and externalizing symptoms rather than
psychiatric disorders. Thus, our findings are generalizable to
community-based samples of adolescents and young adults
but may not be generalizable to clinical or high-risk samples.
Moreover, our sample was primarily Caucasian and findings
may not generalize to other ethnicities.

Our findings were similar when anxiety and depressive
symptoms were assessed separately (results available from the
authors). However, associations between alcohol use and a
variety of specific other types of internalizing (ie, social anxi-
ety and bipolar) and externalizing (ie, ADHD and conduct
disorder) disorders were not examined here. Different types
of psychopathology may also have different associations with
substance use outcomes. For example, some types of inter-
nalizing disorders may act to protect against substance use
(eg, separation anxiety), whereas others may increase risk
(eg, social anxiety).®®%* Similarly, we did not test associations
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using other types of substance use (ie, marijuana and nicotine)
and some research shows differential associations based on
substance type.?” Future research using larger samples is
needed to investigate these associations. We also did not test
potential mechanisms that could explain the links observed
between internalizing and externalizing symptoms and alco-
hol use outcomes, such as coping motives or affiliation with
deviant peers, and this remains an important area for future
research. Further, we did not include variables related to adult
transition roles (eg, postsecondary institution and employ-
ment), which may influence associations.” It is also possible
that HED and alcohol-related harms fuel criticisms from
important adults (parents, teachers, and work supervisors)
and with peers and romantic relationships, which in turn can
be perceive as unfair and responded to self-critical dysphoria
and defiance.’®

All our measures of psychopathology were self-reported.
This may increase the strength of the correlations among
constructs due to shared reporter variances; however, con-
sistencies in the data over the period of 10 years cannot be
attributed only to self-report. Further, the prevalence of
drinking and psychopathology symptoms may be underesti-
mated given concerns about social desirability. However, data
collection procedures were designed to maximize the protec-
tion of privacy of youth’s responses. Moreover, the partici-
pants’ own reports of mental health symptoms and substance
use may be more accurate over time than reports from par-
ents or teachers, particularly as youth transition into adult-
hood and parents become less aware of ongoing problems.*”
In addition, sex-specific thresholds of heavy drinking were
unavailable; thus, rates of heavy drinking among females and
the association with mental health symptoms may be under-
estimated. Finally, our cross-sequential design with cohorts
spanning ages 12-27 years may only approximate a “true”
picture of the patterns of change that might be found by fol-
lowing a single age group over time. However, research sug-
gests that cross-sequential and true longitudinal design yield
similar findings.>®

Implications. The current study finds support for recip-
rocal longitudinal associations between subclinical levels of
psychopathology and HED and alcohol-related harms, spe-
cifically, from adolescence through late young adulthood.
Alcohol-related harms may represent more clinically and
functionally significant impairments and, thus, be a stron-
ger precursor for alcohol use disorders. Disruptions in inter-
personal relationships, school, and work can be indicators of
functional impairments indicative of disorder diagnoses.!
Given the persistent reciprocal relations observed here, early
identification will be imperative for interrupting this cycle.
Many youth present at emergency rooms as a result of over-
consumption or injuries and other harms from drinking,®
providing salient opportunities for screening of mental health
symptoms. Additional screening could help catch youth
whose subclinical symptoms go unnoticed in other settings,

possibility disrupting this vicious cycle and ultimately help-
ing to prevent more serious concerns including alcohol-
related deaths, injuries, and suicides. Similarly, for youth
who seek medical assistance for mental health symptoms,
screening for alcohol use could assist in their recovery. Many
young people are unaware that their substance use can nega-
tively impact their mental health or that the reciprocal effects
of mental health on substance abuse are also likely. Moti-
vational interviewing and personalizing feedback programs
have shown significant promise for increasing self-awareness
about the consequences of drinking for young people®® and a
focus on helping youth to identify internalizing and external-
izing symptoms that fuel their alcohol-related problems could
improve these approaches.
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