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Abstract

Background—The developmental pathways associated with an enhanced risk for future alcohol
use disorders (AUDs) continue to be a topic of both interest and debate. In this research,
internalizing and externalizing disorders were evaluated as prospective predictors of the index
AUD episode onset, separately within three developmental periods: early-to-middle adolescence
(age 13.0 to 17.9), late adolescence (18.0 to 20.9), and early adulthood (21.0 to 30.0).

Methods—~Participants (V= 816) were initially randomly selected from nine high schools in
western Oregon and subsequently interviewed on four separate occasions between ages 16 and 30,
during which current and past AUDs were assessed as well as a full range of psychiatric disorders
associated with internalizing and externalizing psychopathology domains.

Results—In adjusted analyses for each of the three developmental periods investigated,
externalizing domain psychopathology from the most proximal adjoining developmental period
predicted time to AUD onset. Distal externalizing psychopathology also predicted time to AUD
onset among early adult onset cases. Proximal or distal internalizing psychopathology, in
comparison, was not found to be a significant predictor of AUD onset in adjusted analyses for any
of the developmental periods examined.
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Conclusions—Findings overall suggest that externalizing developmental histories are robust
predictors of AUD onset within the age range during which index episodes are most likely to
occur, and that gender does not moderate this association.
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1. INTRODUCTION

Contemporary epidemiological perspectives suggest that developmental pathways for
alcohol use disorders (AUDs) are established well before problematic alcohol use begins
(Clark, 2004), and likely causally related to processes that increase vulnerabilities to
externalizing and internalizing psychiatric disorders (Hussong etal., 2011. Sher et al., 2005,
Vanyukov et al., 2012y The jnternalizing-externalizing organizational model of
psychopathology (AAchenbach, 1966. Krueger, 1999 js 3 statistically-derived framework that
accounts well for the covariation among psychiatric symptoms and disorders among children
and adults in cross-sectional and longitudinal studies (e.g., AAchenbach, 1966. Caspi et al.,
2014. Farmer et al., 2013b; Kessler et al., 2011. Krueger and Markon, 2006), and has been
suggested as a guiding framework for research on common causal pathways that account for

lifetime disorder comorbidity (Kessler etal., 2011. Krueger, 1999) jcjuding AUDs
(Hussong etal., 2011).

Externalizing disorders and their precursors are associated with oppositional, aggressive,
impulsive, disruptive, and rule-breaking behavior. Prospective studies have documented that

externalizing tendencies or disorders robustly predict the future onset of alcohol use
problems or AUDs (Chassin etal., 2004. Elkins et al., 2006. Englund et al., 2008. Feingold

et al., 2015. Fergusson et al., 2007. Grekin et al., 2006). Internalizing disorders and their

precursors, in contrast, are associated with depression, anxiety, fear, rumination, and
distress. Compared to externalizing developmental pathways, the role of internalizing
pathways in the development of AUDs has been little researched (Hussong etal., 2011y
Although internalizing symptoms or disorders are often concomitants with alcohol use
problems or disorders in cross-sectional research (e.g., BUrns and Teesson, 2002. Hasin et
al., 2007, Kessler et al., 2005) nrospective studies on the risk posed by internalizing

tendencies or disorders on future alcohol use problems or AUDs have produced mixed
findings (Boschloo etal., 2013. Buckner et al., 2008. Buckner and Turner, 2009. Crum and

Pratt, 2001. Elkins et al., 2006. Gilman and Abraham, 2001. Grekin et al., 2006. Kushner et
al., 1999. Trautmann et al., 2015. Zimmermann et al., 2003y

There are three primary aims associated with this study. First, this research evaluated
whether risk for index AUD episodes within each of the developmental periods examined
was associated with prior externalizing or internalizing disorders. Three developmental
periods corresponding to AUD onset were defined: early-to-middle adolescence (age 13.0 to
17.9), late adolescence (18.0 to 20.9), and early adulthood (21.0 to 30.0). Outcomes from the
analyses associated with this aim are expected to elucidate the relative contributions of
externalizing and internalizing disorders in the prediction of AUD risk as well as the
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developmental specificity versus generality of these predictors. Second, for the two latter
developmental periods studied, we evaluated whether distal externalizing and internalizing
disorders from earlier developmental periods also predicted risk for AUDs. Findings from
these analyses are expected to highlight whether risk factors that occurred later versus earlier
in development are most relevant in the prediction of subsequent AUD risk. Third, important
differences in the development and course of AUDs among men and women have been
reported (Ammon etal., 2008; Kessler et al., 1994; Nolen-Hoeksema, 2004). Consequently,

in the present research, we explored whether gender moderates observed effects.

This study builds on existing studies in the following ways. First, this research was
conducted with a large representative community sample. Many earlier studies that have
sought to identify externalizing or internalizing predictors of AUDs utilized high-risk,
treatment, or convenience samples (e.g., university students). Second, it is often unclear
from existing prospective studies if risk-based evaluations of internalizing and externalizing
disorders are referenced to the first or subsequent episode of problematic drinking or an
AUD. This is an especially important consideration when evaluating risk factors for versus
consequences of AUDs, as AUDs are known to increase risk for future internalizing
disorders (Fergusson etal., 2011y 45 \yel| as externalizing disorders, especially other
substance use disorders (Kandel etal., 1992y Thirg rather than limiting prediction models
to single diagnostic categories, externalizing and internalizing disorder domains in the
present research are represented by several individual disorders, thus resulting in broader
coverage of content domains associated with risk-related pathways. Fourth, studies that have
examined internalizing tendencies or disorders as risk factors for future AUDs often do not
statistically control for externalizing features or disorders, and vice versa (Hussong etal.,
2011). In the present research, we evaluated adjusted prediction models that controlled for
demographic and psychosocial variables as well as the disorder domain that was not the
primary predictor variable modeled in the analysis.

2. MATERIALS AND METHODS

2.1. Participants

2.1.1. Participant sampling, composition, and retention—At the first wave of data
collection (Tq; ~ age 16), the sample consisted of 1,709 adolescents randomly selected from
9 high schools that were representative of urban and rural districts in western Oregon. About
one year later (Ty), 1,507 (88%) of these persons were reassessed. At T3 (~ age 24), a
sampling stratification procedure was introduced whereby eligible participants included all
non-white participants to enhance ethnic diversity and all persons with a positive history of a
psychiatric diagnosis by T, (17=644) and a randomly selected subset of participants with no
history of a psychiatric or substance use disorder by T, (7= 457 of 863 persons). Of these
1,101 eligible persons, 941 (85%) completed T3. The T4 assessment period was conducted
approximately 6 years after T3 (~ age 30). From the 941 eligible persons who completed Ts,
816 (87%) completed the T, assessment. Earlier analyses of participant attrition (Farmer et
al., 2013a; Lewinsohn et al., 1993; Rohde et al., 2007) revealed minimal sample bias related

to study discontinuation.
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By age 30.0, 34.3% of the weighted T, panel had a DSM-//I-R or DSM-1V/ lifetime AUD
diagnosis (43.0% male, 95% confidence interval [Clgs] = 37.4 - 48.5; 27.6% female, Clgs =
23.4 - 31.8; p<.05). For those with a lifetime AUD episode by age 30.0, the mean age at
time of first AUD onset was 20.2 years of age (SD = 3.9).

2.1.2. Weighting procedures based on stratification implemented at T3—As a
result of the unequal stratified sampling strategy implemented at T3, Caucasian participants
without a psychiatric diagnosis by T, were under-sampled at T3 and Ty4. To adjust for this
sampling procedure, Caucasian participants with no lifetime diagnosis by T, were assigned a
weight that reflected the probability of this subgroup being sampled during T3z and T4
assessments (see Farmer etal., 2013a for detajls). All findings subsequently presented (e.g.,
rates, ratios) were based on weighted data, with references to the numbers of cases based on
unweighted data.

2.1.3. Reference sample for this research—The reference sample for this study
varied according to the research question. Demographic predictors of AUD onset were
evaluated using data from the complete T4 panel (7= 816). Psychiatric predictors of early-
to-middle adolescent AUD onset (between ages 13.0 and 17.9) were evaluated using data
from participants without an incidence of AUD between ages 0 and 12.9 (n = 810), with
AUD episodes occurring at or after age 18.0 right-censored.l, 2 Psychiatric predictors of late
adolescent AUD onset (between ages 18.0 and 20.9) were evaluated with data from
participants without an incidence of AUD before age 18.0 (n7=730), with AUD episodes
occurring at or after 21.0 right-censored. Finally, psychiatric predictors of early adult AUD
onset (between ages 21.0 and 30.0) were evaluated with data from participants without an
incidence of AUD before age 21.0 (n= 641).

2.2. Diagnostic Assessments

2.2.1 Definitions of internalizing and externalizing disorder domains and
subdomains—When evaluating predictors of AUD onset, internalizing and externalizing
disorder domain scores were categorically modeled, whereby a value of 0 was assigned if no
disorder associated with a given domain was diagnosed within the timeframe specified and a
value of 1 assigned if one or more domain-related disorders was diagnosed at any time
within the indicated timeframe. Based on our earlier research with the OADP sample
(Farmer et al., 2009 2013b. Seeley et al., 2011y ' psps.defined disorders that contributed to
the internalizing domain, further distinguished by DSM-defined subdomains, were: mood
disorders (major depressive; dysthymia; bipolar spectrum disorders), anxiety disorders
(separation anxiety, simple/specific phobia, generalized anxiety, obsessive—compulsive,
panic, agoraphobia without panic, post-traumatic stress, social phobia), and bulimia nervosa

LEarlier studies with community samples demonstrated that initial AUD onsets before age 13 are rare (Cohen etal, 1993. Clark,

). To evaluate the prospective associations between childhood disorders and later AUD onset, 6 cases with initial AUD onsets
prior to age 13 (2% of participants with a lifetime AUD) were excluded from analyses involving predictors of onset (i.e., analyses
presented in Tables 2, 3, and 4). These participants, however, were included in analyses of demographic factors related to AUD onset

gTabIe 1).

Right-censoring here refers to an exclusion from consideration any index AUD episode onsets that emerged after the cessation of the
developmental period that was the primary focus of the analysis. These cases did not have an observed AUD onset time within the
developmental period examined, and were right-censored based on the last known observation time.
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(as the sole exemplar of eating disorders). Disorders that contributed to the definition of the
externalizing domain, further distinguished by DSM-defined subdomains, were: disruptive
behavior disorders (attention deficit/hyperactivity, oppositional defiant, conduct) and non-
alcohol-related substance use disorders (i.e., other SUDs), which incorporated cannabis use
disorders and hard drug use disorders, with the latter category including the abuse or
dependence of substances other than cannabis and alcohol.

2.2.2 Diagnostic assessments—One objective of each assessment wave was to
determine current and past episodes of DSM-defined psychiatric disorders and SUDs for
each participant. At the time of study entry (T1), participants were individually evaluated for
current (last 12 months) as well as past (lifetime) AUDs and individual internalizing and
externalizing disorders. During subsequent assessments (T, - T,4), participants were
evaluated for current AUDs and other individual disorders as well as any other episodes that
may have emerged or persisted since the last interview.

During Ty, Ty, and T, participants were interviewed with the Schedule for Affective
Disorders and Schizophrenia for School-Age Children (K-SADS), an interviewer
administered semi-structured diagnostic interview that assesses symptom features of DSM-
defined disorder categories and produces information that allows for diagnostic decisions
consistent with criteria specified in the DSM. The version of the K-SADS used in the
present research combined features of the Epidemiologic and Present Episode versions
(Chambers etal., 1985; Orvaschel et al., 1982)' Follow-up diagnostic assessments at T, and
T3 also involved the joint administration of the Longitudinal Interval Follow-Up Evaluation
(LIFE; Keller etal., 1987y that in conjunction with the K-SADS, provided detailed
information related to the presence and course of disorders since participation in the
previous diagnostic interview. The T,4 assessment included administration of the LIFE and
the administration of the Structured Clinical Interview for Axis | DSM-/V Disorders—Non-
Patient Edition (SCID-NP; Firstetal., 1994y | ive the K-SADS, the SCID-NP is an
interviewer administered semi-structured interview for assessing psychiatric symptoms and
evaluating diagnostic criteria consistent with DSM specifications.

Diagnostic interviewers and reliability assessors were carefully trained and supervised, with
most having advanced degrees in mental health-related disciplines (see Rohde etal., 2007,
for details on assessor training and supervision). All interviews were either audio- or
videotaped, and interviews from each assessment wave were randomly selected for
reliability assessments by a second interviewer. Diagnostic agreement was good to excellent

across assessment waves (median kappa = .77 for 9 separate diagnostic categories excluding
AUD; see Farmer et al., 2009 4,4 Seeley etal., 2011y

2.2.3 Assessment and specification of AUDs—In DSM-//I-R and DSM-1V, SUDs
are arranged hierarchically into abuse and dependence categories, whereby dependence takes
precedence over abuse when criteria for both conditions are satisfied. This modeling of
SUDs has been challenged by data that fail to support the alcohol abuse/dependence
distinction as operationalized in DSM-111, DSM-111-R and DSM-{\/ (Hasin etal., 2013
Slade et al., 2009y \yith the abuse/dependence distinction eliminated from DSM-5as a
result. Consequently, for the analyses described below, we combined DSM-1//-R and DSM-
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/Valcohol abuse and dependence diagnoses into a single category (AUDs) to indicate
syndromal alcohol use that has resulted in significant functional impairment. Diagnostic
agreement among raters for AUD diagnoses since the previous interview was adequate to
excellent at each wave (kappas. T1 = .76, T = .89, T3 = .69, T, =.79). In the present
research, the onset of the index AUD episode is referenced to the age (in months) at which
the disorder was diagnosed. The intraclass correlation (ICC) that indexed rater agreement for
age of disorder onsets in instances where both raters agreed on the occurrence of an index
AUD episode was high (ICC =.92).

2.3. Childhood and Adolescent Predictors of Time to AUD Onset

In a set of prospective analyses described below, we evaluated the degree to which
internalizing and externalizing disorders were predictors of AUD onset. AUD onset was
differentiated according to early-to-middle adolescent onset (ages 13.0 to 17.9), /ate
adolescent onset (ages 18.0 to 20.9), and early adult onset (ages 21.0 to 30.0). Age 21 was
used as a boundary age for the last two developmental periods because this age demarcates
illicit from licit use of alcohol. In models predicting early-to-middle adolescent AUD onset,
we evaluated disorders occurring during childhood (ages 8.0 to 12.9) as predictors. In
models predicting late adolescent AUD onset, we separately evaluated disorders occurring
during early-to-middle adolescence (proximal) and childhood (distal) as predictors. For
models predicting early adult AUD onset, we separately evaluated disorders occurring
during late adolescence (proximal), early-to-middle adolescence (distal) and childhood
(distal) as predictors.

2.4. Potential Confounders

We evaluated several demographic variables as predictors of AUD onset functions, and
included these putative confounders as covariates in adjusted analyses to better isolate
unique associations between internalizing and externalizing disorders and AUD onset.
Putative confounders included participant characteristics (i.e., gender; race/ethnicity;
puberty onset [early, on time, late] based on procedures described in Graber etal., 1997
self-reports of repeating a grade before age 12) and family characteristics assessed at T,
(dual versus single parent household; at least one parent completed college; mean age of
heads of household at T1; number of older siblings).3 In adjusted analyses, we also
controlled for the disorder domain that was not the main focus of the analysis (e.g., when
isolating the predictive effects associated with internalizing disorders, externalizing
disorders were controlled).

2.5. Statistical Analyses

Separate non-parametric tests of rate differences in internalizing and externalizing disorder
occurrences within the preceding developmental period(s) are presented as a function of the
presence versus absence of an initial AUD diagnosis in the reference developmental period.

3T1 demographic data on participants and family characteristics were used in most instances. When T1 data were missing, T2 values
were used. If both T1 and T2 data were missing, we imputed values using the expectation maximization algorithm implemented in the
SPSS Missing Value Analysis module. T1 and T2 data were missing for pubertal timing (< 1% missing), history of repeating a grade
before age 12 (< 1% missing), education levels of head of household (4% missing), and age of heads of household (< 1% missing). All
putative confounders were included as auxiliary variables in the imputation procedure.
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To fully exploit longitudinal information available from our data set, we also examined the
prediction of AUD onset with Cox PH modeling procedures. Hazard ratios (HR) and
corresponding 95% confidence intervals (Cls) produced from these analyses are based on
the ratio of AUD onset probabilities, specifically differences in hazard rates as a linear
function of the predictor variables. HR values therefore reflect any differences in hazard
functions, and specify the increased likelihood of developing an AUD within a unit of time
(months) as a function of the presence versus absence of prior internalizing or externalizing
disorders. In the prediction models tested, HR values greater than 1.0 and whose 95% Cls do
not include a value of 1.0 indicate that participants with a disorder history represented by the
predictor have significantly greater odds of being diagnosed with an AUD during any
month-length interval within the developmental period examined when compared to those
without disorder histories represented by the predictor. An HR value of 2.0 associated with a
given disorder predictor, for example, indicates a two times greater odds of being diagnosed
with an AUD during any month-length interval within the developmental period examined
when compared to those without an earlier history of a disorder from that domain. In our set
of separate analyses of predictors of AUD risk during discrete developmental periods,
persons who were diagnosed with AUDs in earlier developmental periods were removed
from analyses involving subsequent developmental periods because the event being
predicted (i.e., the emergence of the index AUD episode) had already occurred.

3. RESULTS

3.1. Demographic Predictors of Time to AUD Onset

By age 30.0, 34.3% of the weighted T, panel had a lifetime AUD diagnosis. Demographic
variables were individually evaluated as predictors of AUD onset with Cox PH regression
methods. Findings from these analyses, which were conducted with the entire sample, are
presented in Table 1. Male gender, ethnic/racial minority status, and late versus on-time
puberty by T were each significantly associated with AUD onset. All demographic
variables, regardless of their individual significance, were included among the covariates
used in adjusted analyses reported below.

3.2. Childhood Predictors of AUD Onset During Early-to-Middle Adolescence

For those with initial AUD episode onsets during early-to-middle adolescence (n = 80), the
mean onset age of the first episode was 15.9 years (SD = 1.3; Mdn = 16.0). Table 2 presents
the period prevalence rates of internalizing and externalizing disorders separately within the
childhood developmental period among participants without and with an initial AUD onset
during early-to-middle adolescence. Rates of externalizing domain disorders in childhood
were significantly higher among those with than without an AUD onset during this
developmental period. Significant externalizing subdomains included childhood disruptive
behavior disorders and other SUDs. Non-significant trend effects (v < .06) were noted for
any internalizing domain disorder or any mood disorder, with the direction of the association
indicating marginally higher rates of these disorders in the AUD onset group.

The far right column of Table 2 presents adjusted analyses that evaluated internalizing and
externalizing disorder domains and subdomains as predictors of initial AUD onset during
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early-to-middle adolescence. These data correspond to the additive effects of individual
psychiatric disorder domains after variance associated with putative confounders and the
corresponding non-targeted psychiatric disorder domain were both controlled. Before
evaluating the unique effects associated with internalizing and externalizing disorders, an
internalizing by externalizing interaction term was included in the model to test the
homogeneity of regression assumption. The interaction term was non-significant, indicating
that the homogeneity assumption had been met, and was subsequently eliminated from the
statistical models.# Significant effects were noted for any externalizing domain disorder and
the disruptive behavior disorder subdomain. The effect for other SUDs, however, was trend-
level (p=.05). Cumulative hazard functions for AUD onset during early-to-middle
adolescence by disorder domain during childhood are presented in Figure 1.

3.3. Early-to-Middle Adolescent and Childhood Psychiatric Predictors of AUD Onset During
Late Adolescence

For those with an initial AUD episode onset aduring late adolescence (n = 89), the mean age
of AUD onset was 19.2 years (SD = 0.9; Mdn = 19.0). Table 3 presents rates of internalizing
and externalizing disorder occurrences for the late adolescent onset group, separately for
early-to-middle adolescence and childhood. When compared to those who did not
experience an initial AUD onset within this developmental period, those with index AUD
episode onsets during late adolescence demonstrated significantly higher rates of early-to-
middle adolescent externalizing domain disorders and, at the subdomain level, other SUDs.
No significant difference between groups, however, was observed for disruptive behavior
disorders or for any internalizing domain or subdomain disorders. Rates of childhood
internalizing or externalizing disorders, at both the domain and subdomain levels, also did
not significantly differ between those without and with initial AUD onsets during late
adolescence with the exception of mood disorder rates, which were significantly lower
during childhood in AUD onset group.

Reported under the far right column of Table 3 are adjusted analyses that evaluated
internalizing and externalizing domains and subdomains as predictors of AUD onset during
late adolescence. A diagnosis of any internalizing domain disorder during early-to-middle
adolescence did not significantly predict AUD onset during late adolescence. The
externalizing disorder domain corresponding to early-to-middle adolescence, however, was a
significant predictor of late adolescent AUD onset, as was the other SUD subdomain.
Cumulative hazard functions for AUD onset during late adolescence by disorder domain
during early-to-middle adolescence are presented in Figure 2. As further indicated in Table
3, the presence of any childhood internalizing or externalizing domain or subdomain
disorder did not achieve statistical significance in any analysis.

4The homogeneity of regression assumption was also tested prior to performing each adjusted analysis subsequently presented. In the
analyses presented in Tables 3 and 4, only one of the models tested evidenced a violation of this assumption. In this single instance,
the significant interaction terms remained in the final model whereas for all other models non-significant interaction terms were
removed from the final model.
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3.4. Late Adolescent, Early-to-Middle Adolescent, and Childhood Psychiatric Predictors of
AUD Onset During Early Adulthood

For those with an initial AUD episode onset during early adulthood (n = 128), the mean age
of AUD onset was 23.8 years (SD = 2.5; Mdn = 23.2). Table 4 presents rates of internalizing
and externalizing disorder occurrences for the early adult onset group, separately for late
adolescence, early-to-middle adolescence, and childhood.

When compared to those who did not experience an initial AUD onset within early
adulthood, those with AUD onsets during this period had significantly higher rates of late
adolescent externalizing domain disorders and, at the subdomain level, other SUDs. Rates of
late adolescent internalizing disorders at both the domain and subdomain levels, however,
did not significantly differ between those without and with initial AUD onsets during this
developmental period. When compared to those who did not experience an initial AUD
onset during early adulthood, those with an initial AUD onset during this period experienced
significantly higher rates of early-to-middle adolescent externalizing domain disorders.
When externalizing subdomains were analyzed separately, rates of disruptive behavior
disorders and other SUDs significantly differed between those without and with an AUD
onset during early adulthood. Rates of early-to-middle adolescent internalizing disorders at
both the domain and subdomain levels did not significantly differ between those without and
with initial AUD onsets during early adulthood.

In the evaluation of childhood disorders, rates of childhood externalizing domain disorders
and disruptive behavior disorders significantly differed between those without and with
initial AUD onsets during early adulthood. Rates of childhood internalizing disorders at both
the domain and subdomain levels, however, did not significantly differ between those
without and with initial AUD onsets during early adulthood.

The far right column of Table 4 presents adjusted analyses that evaluated internalizing and
externalizing domains as proximal and distal predictors of AUD onset during early
adulthood. The externalizing disorder domain during late adolescence was significant
predictor of early adult AUD onset, as was the other SUD subdomain. The internalizing
domain and subdomains disorders occurring during late adolescence did not significantly
predict AUD onset during early adulthood. Cumulative hazard functions for AUD onset
during early adulthood by disorder domain during late adolescence are presented in Figure
3.

Externalizing domain disorders during early-to-middle adolescence and childhood were also
significant distal predictors of AUD onset during early adulthood. At the subdomain level of
externalizing psychopathology, other SUDs during early-to-middle adolescence and
disruptive behavior disorders during childhood were each significant predictors of early
adult AUD onset. No internalizing disorders at the domain or subdomain levels during early-
to-middle adolescence or childhood were significant predictors of AUD onset during early
adulthood.

Drug Alcohol Depend. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Farmer et al.

Page 10

3.5. Gender Moderation

We evaluated gender as a moderator of the association between, separately, internalizing
disorders and AUD onset and externalizing disorders and AUD onset in each of the
developmental period analyses presented in Tables 2 through 4. Gender moderation would
be evident by statistically significant gender by predictor interactions. Gender did not
emerge as a significant moderator in any developmental period analysis (all gs = .250).

4. DISCUSSION

This study evaluated psychiatric disorder risk factors as predictors of future AUD episode
onsets, and explored whether significant predictors differed in relation to the developmental
period during which AUDs first emerged. To evaluate whether predictors differed as a
function of AUD onset age and to comparatively evaluate the influence of proximal and
distal predictors, statistical models were generated separately for each of three
developmental periods (early-to-middle adolescence, late adolescence, and early adulthood/
licit alcohol use). In these models, proximal predictors corresponding to the preceding
developmental period were evaluated and, for the latter two developmental periods, distal
predictors pertaining to one or more developmental periods prior to the proximal
developmental period were also assessed.

For each of the three developmental periods investigated, adjusted analyses revealed that
proximal externalizing domain-level disorders significantly predicted AUD onset during the
next developmental period. At the externalizing subdomain level of analysis, disruptive
behavior disorders had more relevance as a proximal predictor of AUD onset during the
earliest developmental period (i.e., early-to-middle adolescent onset) whereas other SUDs
had greater relevance as proximal predictors of AUD onsets during late adolescence and
early adulthood.

Although distal psychiatric disorders had no relevance for predicting AUD onsets occurring
during late adolescence, distal externalizing domain-related disorders experienced during
early-to-middle adolescence and childhood were each significant predictors of AUD onset
during early adulthood. Significant externalizing subdomains were other SUDs during early-
to-middle adolescence and disruptive behavior disorders during childhood. These findings
suggest that externalizing disorders experienced early in life continue to operate as risk
factors for AUD onsets during early adult years.

Internalizing disorders at both the domain and subdomain levels were not significant
predictors of AUD onset during any developmental period analysis. Overall, these findings
suggest that internalizing disorders independent of comorbid externalizing disorders and
demographic variables do not pose a significant risk for future AUDs in community samples,
and challenge notions of an internalizing developmental pathway as a risk factor for AUDs
(Hussong et al., 2011y The present research, however, was framed at the disorder-level of
analysis, and it is possible that more subtle forms of internalizing tendencies that do not rise
to the threshold of diagnosis may pose a risk for future AUDs (e.g., Stewart etal., 1995) 5
might other forms of internalizing disorders not assessed here, such as some subsets of
personality disorders (R@ysamb etal., 2011y \we also pooled individual psychiatric
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disorders into domains and subdomains to form inclusive diagnostic categories to increase
statistical power and, consequently, may have obscured unique associations that individual

disorders within these domains have with AUD onset (Hussong et al., 2011. Nichter and
Chassin, 2015y

In addition to the restricted racial and ethnic diversity of the sample, there are other
limitations associated with this research that should be considered. First, diagnostic data
pertaining to childhood and early adolescence (> age ~ 15) were based on retrospective
assessments collected at T1. Retrospective data are subject to recall-related biases that
frequently result in the under-reporting of psychopathology (Haeny etal., 2014a 2014b.
Moffitt et al., 2010y gecond, this study was limited by its emphasis on predictors of index
AUD episodes during early adolescence through early adulthood. Existing research suggests
that genetic pathways associated with adolescent and early adult onset of alcohol
dependence disorder are different from alcohol dependence episodes that occur after age 30
(Kendler etal., 2011y The extent to which the present findings generalize to cases with
AUD onsets after age 30 is therefore uncertain. Third, this study emphasized the prediction
of AUDs based on disorders from earlier developmental periods; consequently, this research
does not take into account disorders that may have preceded the onset of AUDs within the
same developmental period in which the index AUD episode emerged. Finally, this study did
not consider disorder severity or duration in the prediction models for either covariates or
AUDs. These features of psychiatric disorders might further contribute to the prediction of
AUD onsets within subsequent developmental periods.

The present research demonstrated that proximal externalizing disorders were robust
predictors of AUD onset during each of the developmental periods examined. Internalizing
disorders, in comparison, were not significant predictors independent of comorbid
externalizing disorders or demographic variables, suggesting that histories of internalizing
disorders do not constitute a heightened risk for future AUD development. Overall, study
findings imply that AUD preventive efforts should primarily focus on the externalizing
pathway early in development as a means for reducing overall risk.
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Highlights
e We investigated psychiatric risk factors for future alcohol use disorders (AUDs).

» Externalizing domain disorders predicted AUD onset in ensuing developmental
periods.

e Internalizing domain disorders did not significantly predict AUD onset.

e Gender did not moderate observed effects in any analysis.
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Figure 1.
Cumulative hazard functions for alcohol use disorder (AUD) onset during early-to-middle

adolescence (ages 13.0 to 17.9) by disorder domain during childhood (ages 8.0 to 12.9).
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Figure 2.
Cumulative hazard functions for alcohol use disorder (AUD) onset during late adolescence

(ages 18.0 to 20.9) by disorder domain during early-to-middle adolescence (ages 13.0 to
17.9).
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Figure 3.

Late adolescent internalizing present

Late adolescent internalizing absent

Cumulative hazard functions for alcohol use disorder (AUD) onset during early adulthood
(ages 21.0 to 30.0) by disorder domain during late adolescence (ages 18.0 to 20.9).
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Period Prevalence Rates of Internalizing and Externalizing Psychopathology and Associations with Initial

AUD Onset during Early Adulthood

Table 4

Period Prevalence Adjusted
% [Clgs] Associations with
Time to AUD
Predictor Onset during
NoAUD (n=513)  AUD (n = 128) "iRke'.ih"‘z’d p-value AdE?t%od
atio HR [Clgs]
Late Adolescent Psychopathology
Internalizing domain 17.9[149,21.4]  23.0[16.7,30.8] 1.54 188 1.44[0.92, 2.24]
Mood disorders 13.3[10.7,165]  18.2[12.5, 25.6] 1.72 162 1.42 [0.85, 2.37]
Anxiety disorders 6.6 [4.8,9.0] 6.0 [3.2,11.0] 0.05 .796 0.88[0.43, 1.82]
Bulimia nervosa 0.8[0.3, 2.0] 1.2[0.3,4.7] 0.16 649 1.58 [0.30, 8.24]
Externalizing domain 4.3[2.8,6.5] 15.2 9.8, 23.0] 15.36 <.001 3.10 [1.76, 5.50]
Disruptive behavior disorders 0.9 0.5, 2.0] 0.6 [0.1,4.2] 0.13 .664 0.18 [0.02, 1.70]
Other substance use disorders 3.8[2.4,6.0] 15.2[9.8, 23.1] 17.75 <.001 3.96 [2.22, 7.07]
Early-To-Middle Adolescent
Psychopathology
Internalizing domain 23.3[20.1,26.8]  30.2[23.1,38.3] 2.34 098 1.41[0.94, 2.11]
Mood disorders 20.1[17.1,23.4]  25.9[19.4,33.8] 1.90 128 1.36 [0.89, 2.09]
Anxiety disorders 561[4.1,7.7] 9.1[5.5, 14.6] 1.73 132 1.71[0.93, 3.15]
Bulimia nervosa 1.2[0.6, 2.5] 0.6[0.1,4.2] 0.37 473 0.50 [0.08, 3.27]
Externalizing domain 5.6 [4.1,7.6] 21.2[15.0,29.0] 23.97 <.001 3.20[2.03, 5.07]
Disruptive behavior disorders 3.2[2.1,4.9] 7.8[4.6,13.2] 4.42 .015 1.57[0.82, 3.04]
Other substance use disorders 2.9[1.9,45] 14.6 [9.5, 21.8] 20.59 <.001 3.50[2.03, 6.03]
Childhood Psychopathology
Internalizing domain 10.8[8.7,13.4] 12.1[7.8,18.2] 0.15 .660 1.26 [0.75, 2.11]
Mood disorders 6.3[4.7,8.3] 6.0[3.2,11.0] 0.01 905 1.12[0.53, 2.34]
Anxiety disorders 6.6 [5.0, 8.6] 7.2[4.1,12.5] 0.07 .755 1.15[0.58, 2.25]
Bulimia nervosa 0.0 0.0 NA NA NA
Externalizing domain 2.7[17,41] 7.2[4.1,12.5] 4.86 010 2.24[1.17, 4.25)
Disruptive behavior disorders 2.1[1.3,3.5] 6.6 [3.7,11.7] 5.43 .007 2.40[1.22,4.71]
Other substance use disorders 0.5[0.2,1.4] 1.2[0.3,4.8] 0.56 373 1.63[0.51, 5.18]

Note. Bolded table entries denote statistically significant effects.
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