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Abstract

Few prospective studies have examined the relation between early adolescent conduct disorder
symptoms and the development of alcohol use disorders (AUD) by young adulthood. The relative
contribution of other forms of adolescent psychopathology (i.e., attention-deficit hyperactivity
disorder, depression, anxiety/withdrawal) to the development of AUD also remains poorly
understood. There is some suggestion that the co-occurrence of conduct disorder symptoms with
other forms of psychopathology may interact synergistically in predicting later alcohol use problems.
The current study explores these issues using data on 506 boys from the oldest sample of the
Pittsburgh Youth Study. Consistent with prior research, early conduct disorder symptoms emerged
as a consistent predictor of increased AUD symptoms and an alcohol dependence diagnosis by young
adulthood. In contrast, adolescent boys with high levels of anxiety/withdrawal had lower levels of
AUD symptoms and were less likely to develop alcohol dependence by young adulthood. Increased
depression in early adolescence was associated with higher AUD symptoms and alcohol abuse and
dependence diagnoses by young adulthood, but only for boys with high levels of conduct disorder
symptoms. No evidence was found for a relation between attention-deficit hyperactivity disorder
symptoms and AUD symptoms or diagnoses after controlling for co-occurring psychopathology.
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1. Introduction

There has been an increased interest in examining the relation between early adolescent
psychopathology and the development of alcohol use disorders in adulthood. Longitudinal
research indicates that behaviors consistent with conduct disorder (CD) symptoms (e.g.,
aggression, deceitfulness/theft, destruction of property, serious rule violations) are associated
with more frequent and intense alcohol use across time (Henry et al., 1993;Miller-Johnson et
al., 1998;White et al., 1999), as well as early-onset substance use disorders (for a review see
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Weinbergetal., 1998). Given the robustness of this relation, some investigators have postulated
that early CD symptoms represent the phenotypic expression of a genetically inherited liability
for substance use disorders (Tarter et al., 1999). However, there remains substantial
heterogeneity among youth with elevated CD symptoms, and evidence indicates that early
internalizing problems (e.g., depression, anxiety/withdrawal) and attention-deficit/
hyperactivity disorder (ADHD) symptoms may also predict later alcohol use outcomes (Henry
et al., 1993;Kaplow et al., 2001;Molina & Pelham, 2003;Pardini et al., 2004). In addition, the
cooccurrence of CD symptoms with other forms of early psychopathology may actually
identify those adolescents who are at highest risk for later substance use problems (Flory et
al., 2003;Miller-Johnson et al., 1998). The goal of the current study will be to examine the
relative contribution of different forms of early adolescent psychopathology in predicting AUD
by young adulthood. We will also examine the potential interactive effects between early
conduct problems and other forms of adolescent psychopathology in identifying boys who are
most at risk for later AUD.

1.1 CD Symptoms and Alcohol Use Disorders

There is a substantial amount of evidence indicating that symptoms of CD and substance use
disorders tend to co-occur across adolescence (Weinberg et al., 1998). In fact, early substance
use is often included as an additional indicator of conduct problems in childhood and
adolescence rather than treating the two as separate, yet related, problems (Angold & Costello,
2001). Despite this overlap, longitudinal evidence suggests that adolescent CD symptoms and
substance using behaviors represent two distinct dimensions of behavior (Mason & Windle,
2002) that have some unique predictive factors (White et al., 1987). Behaviors consistent with
CD symptoms in boys also predict the onset of alcohol use (Clark et al., 1999), escalations in
substance using behaviors (Mason & Windle, 2002), and the development of substance use
disorders in adolescence (Sung et al., 2004). However, many longitudinal studies in this area
have followed boys across relatively brief periods in adolescence and do not account for the
influence of other forms of psychopathology that tend to co-occur with both disorders. There
is also a dearth of studies examining the interaction between early adolescent conduct disorder
symptoms and other forms of externalizing and internalizing psychopathology in predicting
the development of alcohol use disorders by young adulthood.

1.2 ADHD and Alcohol Use Disorders

There is ongoing debate about the relation between early ADHD symptoms and later substance
use outcomes. Investigations have found that ADHD symptoms are more prevalent in
adolescents and adults with substance use disorders than in the general population (for a review
see Wilens, 2004). Longitudinal studies have found that children and adolescents exhibiting
behaviors consistent with ADHD have high levels of later alcohol use, including more problem
use, in comparison to normal control children (Barkley et al., 1990;Molina & Pelham,
2003;Pulkkinen & Pitkénen, 1994). However, many longitudinal studies have found that the
relation between ADHD symptoms and later substance use is primarily driven by co-occurring
conduct problems (Barkley et al., 1990;Biederman et al., 1997;Clark et al., 1999;Loeber et al.,
1999;Pulkkinen & Pitkanen, 1994). While recent investigations with clinic-referred youth
suggest that childhood inattentive symptoms may predict adolescent substance use outcomes
above and beyond conduct disorder symptoms (Molina & Pelham, 2003), this finding may
only be relevant for cigarette use (Burke et al., 2001). In addition, prospective investigations
exploring the relation between early adolescent ADHD symptoms and the development of
alcohol use disorders remain rare.

Some investigators have suggested that ADHD symptoms may escalate the risk for negative
substance use outcomes only in youth with high levels of CD symptoms (Flory & Lynam,
2003;Molina et al., 1999). Much of this conjecture comes from longitudinal studies indicating
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that children with high levels of both ADHD and CD symptoms are more likely to exhibit
severe and persistent forms of antisocial behavior in comparison to youth with ADHD or CD
symptoms alone (for a review see Flory & Lynam, 2003). The relatively few studies examining
the interactive effects between ADHD and CD symptoms in predicting substance use outcomes
have provided mixed results. Molina et al. (1999) found that children with a comorbid ADHD
and CD diagnosis were more likely to report using several substances in comparison to children
with either disorder alone. However, many of these findings became non-significant after
accounting for the severity of conduct disorder symptoms in the comorbid group. Flory et al.
(2003) found that ADHD symptoms were related to increased levels of marijuana and hard
drug dependence symptoms only for young adults with a history of significant CD symptoms,
but this effect was not observed for alcohol use disorders. Both of these studies were limited
by the use of cross-sectional data, making it impossible to determine if CD and ADHD
symptoms preceded the onset of the substance use outcomes. The relatively few longitudinal
studies that have examined the interaction between ADHD and CD symptoms in predicting
later substance use, including problem use, have failed to produce significant findings
(Fergusson et al., 1993;Taylor et al., 1996).

1.3 Internalizing Problems and Alcohol Use Disorders

There has also been substantial interest in examining the relation between early internalizing
problems and later alcohol using behaviors. Much of this research has focused on depressive
disorders, which commonly co-occur with substance use problems during adolescence and
adulthood (Grant et al., 2004). While exceptions do exist (Hussong & Hicks, 2003), several
longitudinal studies have found evidence indicating that childhood depressive symptoms in
boys are associated with increased alcohol use (Costello et al., 1999;Henry et al., 1993;Kaplow
et al., 2001;Pardini et al., 2004), and a higher rate of substance use disorders (Sung et al.,
2004) during adolescence. In addition, depression and dysphoria among male adolescents have
been related to increased alcohol involvement in early adulthood, even after controlling for
initial levels of substance using behaviors (Locke & Newcomb, 2001). A potential confound
in some of these studies is that commonly used measures of childhood depression often include
items related to conduct problems (Weiss et al., 1991), which may account for the positive
relation between depression and substance use (Kumpulainen & Roine, 2002). However,
longitudinal evidence suggests that depression in boys may predict later adolescent alcohol use
and substance use disorders, even after controlling for co-occurring conduct problems (Henry
etal., 1993;Sung et al., 2004). An important area of future research is examining whether early
adolescent depression is associated with the development of alcohol use disorders by early
adulthood after accounting for co-occurring CD symptoms.

In contrast to research on depression, higher levels of anxiety/withdrawal in youth tend to be
associated with a decreased risk for later substance use problems (Shedler & Block, 1990).
While definitions vary across studies, adolescents high in anxiety/withdrawal are often
characterized as apprehensive, shy, and timid individuals who are extremely cautious in novel
or potentially threatening situations, similar to conceptualizations of behavioral inhibition
(Gray, 1991) and harm avoidance (Cloninger et al., 1988). Longitudinal studies have found
that characteristics consistent with anxiety/withdrawal are associated with a lower risk of
initiating alcohol use in early adolescence (Kaplow et al., 2001;Masse & Tremblay,
1997;Pardini et al., 2004) as well as a lower risk of developing early-onset alcohol abuse
(Cloninger et al., 1988). An anxious interpersonal style in adolescence has also been associated
with lower problem drinking in adulthood, even after controlling for the influence of conduct
problems (Pulkkinen & Pitk&nen, 1994). Two primary explanations for this inverse relationship
have been proposed. The first suggests that anxious teens are more concerned about the
potential negative consequences associated with drinking and illicit drug use, which inhibits
them from engaging in these behaviors (Wills et al., 1998,1999). Second, anxious/withdrawn
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children may shy away from peer-related social activities where the initiation of problematic
substance use typically takes place (Kaplow et al., 2001).

An important area of research that has received little attention is the potential interaction
between adolescent internalizing and CD symptoms in predicting later alcohol use problems.
Cross-sectional evidence suggests that conduct disorder and major depression may interact to
predict substance use disorder symptoms in late adolescence, with comorbid youth exhibiting
particularly high levels of dependence symptoms (Marmorstein & lacono, 2003). Longitudinal
evidence indicates that depressive symptoms in early adolescent boys may only be related to
later alcohol use among individuals with significant conduct problems (Miller-Johnson et al.,
1998). While other studies have failed to replicate this finding (Capaldi & Stoolmiller, 1999),
adolescents with elevated depression and conduct problems seem to have particularly poor
outcomes. For example, depression among clinic-referred adolescents with conduct disorder
has been shown to be a particularly robust predictor of later antisocial personality disorder
(Loeber et al., 2002). On the other hand, high levels of anxiety/withdrawal may actually buffer
adolescents with significant conduct problems from experiencing long term negative outcomes.
Children with CD and an anxiety disorder have been shown to have fewer police contacts,
fewer school suspensions, and lower levels of physical aggression than youth with CD alone
(Walker etal., 1991). In addition, low fearfulness is associated with a severe form of adolescent
antisocial behavior characterized by a callous interpersonal style (Pardini et al., 2003;Pardini,
in press). However, prospective studies assessing the interaction between early CD symptoms
and internalizing difficulties in predicting later alcohol use disorders are still needed.

1.4 Current Study

The current study will expand the existing literature by examining the independent relations
between several forms of early adolescent psychopathology (i.e., CD symptoms, ADHD
symptoms, depression, anxiety/withdrawal) and the development of alcohol use disorders by
young adulthood in a longitudinal sample of boys. The possibility that CD symptoms interact
with depression and ADHD symptoms to create a multiplicative risk for alcohol use problems
will also be explored. Conversely, we will examine whether anxiety/withdrawal can protect
children with high CD symptoms from developing alcohol use disorders by young adulthood.
This investigation will advance the existing literature in several ways. First, previous
longitudinal studies, including those conducted with the current dataset, have not accounted
for the co-occurrence between disruptive behaviors and internalizing problems when
predicting later alcohol use outcomes (White et al., 2001). Similarly, previous studies have
failed to differentiate between internalizing problems related to depression and anxiety/
withdrawal when investigating substance use outcomes (Capaldi & Stoolmiller, 1999;Loeber
etal., 1999). Research suggests that failing to control for the overlap between these
internalizing symptoms can suppress the unique relation between each emotional state and
substance use outcomes (Pardini et al., 2004;Wills et al., 1998,1999). Lastly, studies in this
area often focused on early psychopathology as a predictor of frequency or intensity of alcohol
use, rather than targeting alcohol use disorders (e.g., White et al., 2001).

2. Methods
2.1 Design and Sample

This investigation used data collected as part of the Pittsburgh Youth Study (PYS), a
longitudinal study aimed at understanding the development of delinquency, substance use, and
mental health problems in boys (Loeber et al., 1998). While the PYS consists of three separate
grade-based samples (commonly referred to as youngest, middle, and oldest samples), only
data from the oldest sample was used because they received intensive alcohol use disorder
assessments in young adulthood. The oldest sample was originally selected from a list of names
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and addresses of all seventh grade boys in participating Pittsburgh public schools during
1987-1988. A total of 1,165 families were randomly selected from this list for participation in
a screening assessment. Most families agreed to participate once contacted (84.6%). As part
of the screening assessment, information was collected on the boy's delinquent behavior using
forms completed by mothers, teachers, and the boys themselves. Boys who were rated in the
top 30% on the screening assessment (n = 256), as well as a relatively equal number of boys
randomly selected from the remainder (n = 247), were selected for longitudinal follow-up.
Most boys in the follow-up sample were either African American (56%) or Caucasian (41%).
Nearly all were living with their biological mother (94%), and approximately half of the boys
lived in a household with no biological or acting father (45.3%). Further details of the sample
selection, study characteristics, and participants can be found in Loeber et al. (1998).

2.2 Procedures

Nearly all measures of early adolescent psychopathology, as well as control variables, were
collected during the first follow-up assessment of the oldest cohort, which took place six
months after the screening assessment. The only exception is the boys' self-report of conduct
disorder symptoms, which included information collected during the screening assessment and
the first follow-up (see details below). At the first follow-up, the boys had just entered the
8t grade and most were in their early teens (mean age = 13.9). Data collection at this phase
consisted of an interview with each boy, an interview with his primary caregiver, and
questionnaires completed by the boy's primary caregiver and teacher. Families were paid for
their participation, and informed written consent was obtained from the boys and their legal
guardians prior to the assessment. Information on the boys' alcohol use disorder symptoms
were gathered on two separate occasions in early adulthood. The first took place when most
participants were in their early 20s (mean age = 20.4), and the second was conducted when
boys were in their mid 20s (mean age = 25.4). All participants were paid for completing the
assessments in young adulthood, and informed written consent was obtained prior to the
interviews. Most interviews were conducted within the participants' homes. Further
information regarding the data collection procedures have been described in detail elsewhere
(Loeber et al., 1998).

2.3 Measures

2.3.1 CD Symptoms—CD symptoms were assessed using instruments administered to boys
and their primary caretaker (primarily mothers). The caretaker completed the Revised
Diagnostic Interview Schedule for Children, Parent Version (DISC-P; Costello, 1987), a
structured interview designed to assess several domains of child psychopathology found in the
Diagnostic and Statistical Manual of Mental Disorders - 3 Edition - Revised (DSM-III-R;
American Psychiatric Association, 1987). Parents provided information on whether or not their
child had exhibited 13 separate DSM-111-R CD symptoms such as lying, starting physical
fights, and destruction of property.

Information gathered from the boys at the screening and the first 6-month follow-up assessment
was also used to assess the presence or absence of the 13 DSM-I1I-R CD symptoms. This
information was gathered using selected items from the 40-item Self-Reported Delinquency
Scale (SRD; Loeber et al., 1998), and the 112-item Youth Self-Report (YSR; Achenbach &
Edelbrock, 1987). The SRD assesses how many times in the past 6-months the child has
engaged in several delinquent behaviors, including status offenses, stealing, destruction of
property, and violence. The YSR assesses internalizing and externalizing behavior problems
over the past 6-months by asking the child to rate the truthfulness of certain statements about
their behavior on a 3-point scale (0 = “not true,” 1 = “sometimes true”, 2 = “very true”). For
the YSR, a CD symptom was considered present if the boy endorsed the behavior as being
“very true” at both the screening and six month follow-up assessment. For the SRD, a CD
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symptom was considered present if the boy reported the behavior occurred one or more times
in the past 6 months at both the screening and follow-up assessments. In total, 17 items from
the SRD and 4 items form the YSR were used. The YSR was used to gather information on
the CD symptoms of lying (1 item), cruelty to animals (1 item), cruelty to people (1 item), and
initiating fights (1 item). The SRD was used to assess the CD symptoms of stealing without
confrontation (7 items), running away over night (1 item), fire-setting (1 item), truancy (1 item),
breaking and entering (1 item), vandalism (1 item), sexual aggression (2 items), attacking
someone with a weapon (1 item), and stealing with confrontation (2 items).

Parent and child reports of DSM-I1I-R CD symptoms were combined by treating a symptom
as present if it was endorsed by either informant. This method of combining information avoids
under-reporting by a specific informant and has been shown to be as effective as more complex
procedures for combining information across informants (Piacentini et al., 1992). The 13 CD
symptoms (coded as 1 if the symptom was present, 0 if the symptom was absent) were then
summed to create a total symptom score. A previous study with the oldest cohort of the PYS
found a significant association between this CD symptom scale and alcohol use during
adolescence (White et al., 2001). The internal consistency for the combined parent and child
symptom scale is .61.

2.3.2 ADHD Symptoms—The DISC-P was also used to assess the boys' ADHD symptoms
in early adolescence. The instrument assesses the presence or absence of 14 different symptoms
associated with a DSM-I11-R diagnosis of ADHD. The behaviors fall under the broad categories
of attentional difficulties (e.g., easily distracted), hyperactivity (e.g., talks excessively), and
impulsivity (e.g., interrupts, difficulty waiting turn). All positively endorsed symptoms were
added together, with higher scores indicating a greater number of ADHD symptoms. The
internal consistency for this measure was good (a = .85).

2.3.3 Depression—Depression was assessed using the self-report Recent Moods and Feeling
Questionnaire completed by the child (Costello & Angold, 1988). The measure consists of 13
items associated with major depression in children and adolescents according to DSM-IIIR
criteria. Specifically, participants are presented with a series of descriptive statements and are
asked to rate how accurately the statement describes their own feelings and behaviors over the
past two weeks (e.g., “You felt miserable or unhappy,” “You hated yourself,” “You felt
lonely™). Each item is rated on a 3 point scale (0= “not true,” 1 = “sometimes true,” 2 = “always
true”). Items were summed to form a composite score, with higher scores indicating increased
levels of depression. The distribution of scale was somewhat skewed due to a few extremely
high scores, so the scale was square root transformed. Following this modification, the
dispersion of scores on the depression scale reasonably approximated a Gaussian distribution
(skew = .32, kurtosis = -.51). The internal consistency of the scale was good (o. = .84).

2.3.4 Anxiety/Withdrawal—The anxiety/withdrawal scale was created using a combination
of child, parent, and teacher report. The scale consisted of 8 items that were identical across
the Youth Self Report (YSR; Achenbach & Edelbrock, 1987), Teacher Report Form (TRF;
Achenbach & Edelbrock, 1986), and parent-report Child Behavior Checklist (CBC;
Achenbach, 1991). Each informant was asked to rate how often the participant exhibited
behaviors associated with an anxious and fearful interpersonal style (e.g., “too dependent on
adults,” “afraid of going to school,” “self-conscious or easily embarrassed,” “shy or timid,”
“keeps from getting involved with others”). Informants rated each item on a three point scale
(0 = “not true,” 1 = “sometimes true,” 2 = “very true”). The highest rating across the three
informants was selected for each item and then the items were summed to form a total anxiety/
withdrawal score. The alpha reliability for this multi-informant scale was modest (o = .62).
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2.3.5 Alcohol Use Disorders—Alcohol use disorders were assessed using the Diagnostic
Interview Schedule (DIS; Robins & Helzer, 1988), which was administered to participants in
the oldest cohort on two separate occasions in early adulthood (i.e., age 20 and 25). The DIS
is a fully structured interview developed for psychiatric epidemiology research that can be
administered by either computer or lay interviewers (Erdman et al., 1992). This instrument
uses a series of standardized probes and follow-up questions to elicit symptoms from the
participant and determine whether diagnostic criteria are met. The DIS has demonstrated
reliability and construct validity in previous investigations (for a review see Malgady et al.,
1992), and remains one of the most commonly used diagnostic instruments in substance use
disorder research (Forman et al., 2004).

In their early twenties (mean age = 20.4), participants were administered the paper version of
Diagnostic Interview Schedule for DSM-111-R diagnoses (DIS-111-R; Robins & Heltzer,
1988) by a trained interviewer. During this interview, participants were asked to report whether
they had ever experienced symptoms related to DSM-111-R diagnoses, including those related
to alcohol abuse and dependence. The scoring of the DIS-111-R was modified slightly so that
information regarding the presence or absence of alcohol abuse and dependence symptoms
was consistent with revisions made in the DSM-1V classification system (American Psychiatric
Association, 2000). Five years later (mean age = 25.4), participants were administered the
computerized version of the Diagnostic Interview Schedule for DSM-1V diagnosis (DIS-1V;
Erdman et al., 1992), The second DIS interview also collected information about the lifetime
prevalence of DSM-IV symptoms related to alcohol abuse and dependence. To generate a
single measure of alcohol use disorder symptoms for each participant, information from the
age 20 and 25 DIS assessments were combined at the symptom level. Specifically, each alcohol
use disorder symptom was considered present if it was endorsed as having occurred by either
the age 20 or age 25 assessment. This was done for the four symptoms associated with alcohol
abuse (use in risky or dangerous situations, continued use despite interpersonal problems,
recurrent legal problems as the result of use, and use resulting in a failure to fulfill major role
obligations) and the seven symptoms associated with alcohol dependence (tolerance,
withdrawal, using more often or in larger amounts than intended, persistent desire or
unsuccessful attempts to cut down/control use, extensive time spent using or recovering from
use, important activities given up/reduced as a result of use, and continued use despite
psychological/medical problems).

After combining information from the age 20 and 25 interviews at the symptom level, the
primary outcomes measures were created using a dimensional and categorical approach.
Specifically, a dimensionally-oriented scale was created representing the total number of
lifetime abuse and dependence symptoms reported by participants (scores range from 0 — 11).
The internal consistency of the AUD symptom scale was good (o = .84). In addition, a single
categorical variable was created based on DSM-IV criteria for abuse and dependence. This
variable consisted of three mutually exclusive and exhaustive nominal categories: lifetime
alcohol dependence (3 or more dependence symptoms), lifetime alcohol abuse without
dependence (dependence criteria not met, but 1 or more abuse symptoms), and no lifetime
alcohol abuse or dependence.

2.4 Potential Confounds

2.4.1 Demographic Variables—A number of demographic variables were selected as
potential confounds to the relation between early psychopathology and later alcohol use
problems. The first set of control variables consists of the basic demographic characteristics
of age, minority status (1 = African American, 0 = Caucasian), and socioeconomic status (SES),
which have previously been associated with substance use outcomes in the Pittsburgh Youth
Study (Loeber et al., 1998). SES was calculated for each caregiver in the household using the
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Hollingshead Index (Hollingshead, 1975). When multiple caregivers were present, family SES
was indexed using the highest Hollingshead score.

2.4.2 Family History of Alcohol/Drug Problems—To control for a family history of
alcohol/drug problems, information on the biological parents' mental health history was
obtained from the Family History Questionnaire (FHQ; Loeber et al., 1998). The FHQ was
administered at the first 6-month follow-up assessment and asked about the lifetime prevalence
of help-seeking behaviors for various mental health problems by members of the immediate
family. Questions pertaining to whether or not the child's biological mother or father had ever
sought help for an alcohol or drug problem were used in the current study. A binary variable
indicating whether the child's biological mother or father had ever sought help for an alcohol
or drug problem was created.

2.4.3 Child's History of Alcohol Use and Problems—The last set of control variables
were designed to assess the boys' history of alcohol use and alcohol-related problems at the
time the psychopathology variables (i.e., CD, ADHD, depression, anxiety/withdrawal) were
measured. This information was gathered using substance use questions from of the National
Youth Survey at the first 6-month follow-up assessment (NYS; Elliott et al., 1985).
Specifically, the boys were asked if they had ever used alcohol without their parents’
permission. Those participants who endorsed “ever” using alcohol were then asked nine
questions about problems that may have occurred as the result of their use (e.g., “Have you
ever had problems with your family as the result of your alcohol use?,” “Have you ever gotten
into physical fights as the result of your alcohol use?”). Participants who positively endorsed
any of the nine items were categorized as having a positive history for alcohol use problems.

2.5 Management of Missing Data

In general, sample retention for the Pittsburgh Youth Study has been high across all waves.
The proportion of participants with missing data on one or more of the variables included in
the current study was relatively low (15.4%, n = 78). The largest number of participants were
missing data on the AUD symptom and diagnosis variables (7.1%, n = 36). There were also
low levels of missing data for the independent variables of CD symptoms (4.2%, n = 21),
ADHD symptoms (5.9%, n = 30), depression (< 1%, n = 1), anxiety/withdrawal (< 1%, n = 1),
history of alcohol use (< 1%, n = 1), history of alcohol use problems (< 1%, n = 3), and parental
history of alcohol/drug problems (1.8%, n = 9). The most common reasons for missing data
were an inability to locate participants during the follow-up, participants repeatedly failing to
show up for assessment sessions, and administration errors. To determine if participants with
missing data were systematically different from those with complete data, a series of statistical
tests were performed. Results indicated that participants with missing data were not
significantly different from those with complete data on all variables used in the current study.
Details regarding these analyses are available from the first author upon request.

For the primary analyses, missing data were handled using maximum likelihood estimation
(MLE) procedures for count and categorical outcomes within Mplus 4.1 (Muthén & Muthén,
1998-2006). MLE uses all available information to generate parameter estimates rather than
resorting to listwise deletion (for details see Schafer & Graham, 2002). Simulation research
suggests that MLE provides accurate and efficient parameter estimates in comparison to other
ad hoc techniques (e.g., pairwise deletion, listwise deletion) when data are missing completely
at random or missing at random (Enders & Bandalos, 2001;Enders, 2001). In addition, MLE
yields results that are highly similar to multiple imputation procedures for handling missing
data when the two techniques are implemented in a similar manner (Collins, Schafer, & Kam,
2001).
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2.6 Data Analysis Plan

A zero-inflated Poisson (ZIP) regression in Mplus 4.1 was used to predict AUD symptom
scores. ZIP regression is appropriate for modeling count data with excessive zeros (Muthén &
Muthén, 1998-2006). A large positive Vuong test for nonnested models favored the use of a
ZIP model over an ordinary Poisson regression, z = 6.79, p < .0001. Maximum likelihood
estimation with robust standard errors using a Monte Carlo numerical integration algorithm
was employed for this analysis (for details see Muthén, 2004;Muthén & Muthén,
1998-2006). With a ZIP model, two regressions are simultaneously estimated. Specifically, a
Poisson regression estimates the relation between predictor variables and the count portion of
the independent variable for individuals who are able to assume values of zero and above. The
inflation portion of the model consists of a logistic regression that models the likelihood of
being unable to assume any value besides zero. As a result, the model assumes that zeros are
the result of two latent subpopulations. For the inflation portion of the model, the latent
subpopulation is individuals who are unable to assume any AUD symptom score besides zero,
such as individuals who have abstained from substantive alcohol use for a large portion of their
life (Simons, Neal, & Gaher, 2006). In contrast, the count portion of the model estimates the
probability of experiencing a certain number of AUD symptoms (including zero) for the latent
subpopulation of participants who have engaged in risky behaviors that could potentially lead
to alcohol problems (e.g., regular alcohol users). Further details regarding the technical aspects
of ZIP modeling are addressed by Long (1997).

In the current study, the same predictors were used for the inflation and count portions of the
ZIP regression predicting AUD symptoms. In the first step of the regression, the potential
confounds of age, minority status, family SES, parental history of alcohol/drug problems,
child's prior alcohol use, and child's prior alcohol problems were entered. Also entered in this
step were the early adolescent psychopathology variables of CD symptoms, ADHD symptoms,
depression, and anxiety/withdra\wal.1 In the second step of the regression, three product terms
representing the interaction between CD symptoms and the other forms of early adolescent
psychopathology (i.e., ADHD symptoms, depression, anxiety/withdrawal) were entered.
Significant interactions were probed following procedures outlined by Aiken and West
(1991). Specifically, the relation between early psychopathology and alcohol use disorder
symptoms was examined at low (1 SD below the mean), moderate (the mean), and high (1 SD
above the mean) levels of conduct disorder symptoms. To eliminate scaling differences
between the variables representing early psychopathology, and avoid problems with
collinearity that can occur when examining interactions, the primary predictor variables were
standardized prior to this analysis.

Multinomial logistic regression was used to predict the categorical dependent variable
representing AUD diagnosis. MLE with robust standard errors using a Monte Carlo numerical
integration algorithm was employed for this analysis (Muthén, 2004;Muthén & Muthén,
1998-2006). For this model, the contrast group consisted of participants who did not met
lifetime criteria for alcohol abuse or dependence. The procedural steps for entering predictors
into the model and probing significant interactions were identical to those described for the
analyses involving AUD symptoms.

All descriptive statistics and analyses presented are based on weighted data. Sampling weights
were used to account for the over-representation of high-risk boys selected for longitudinal
follow-up from the initial screening sample. As a result, estimates are representative of the

lLongitudinal research with clinic samples has suggested that the inattentive symptoms of ADHD are more strongly associated with
substance use outcomes, particularly tobacco use, than the symptoms of hyperactivity/impulsivity (Burke et al., 2001;Molina & Pelham,
2003). In the current study, we found no differences between early adolescent inattention and hyperactivity/impulsivity in predicting
alcohol use disorders in young adulthood. As a result, we have chosen to present results for the aggregate ADHD symptom score.
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original screening sample of boys attending Pittsburgh public schools in 1987-88. Unweighted
analyses are available upon request from the corresponding author.

4. Results

4.1 Descriptive Statistics

Descriptive statistics and bivariate correlations for observed predictor and control variables
are presented in Table 1. While nearly half of the boys in the study endorsed a prior history of
alcohol use at the initial assessment in early adolescence (46%), relatively few endorsed ever
experiencing problems as the result of their use (5%). All measures of early adolescent
psychopathology were positively intercorrelated. As expected, the highest correlations were
between the externalizing variables of CD and ADHD symptoms, and the internalizing
variables of depression and anxiety/withdrawal. Participants with higher CD symptoms were
significantly more likely to report a prior history of alcohol use and alcohol use problems, as
well as have a biological parent with a history of alcohol/drug problems. Higher levels of
depression were also related to an increased probability of reporting prior alcohol use problems.

The proportion of boys who met criteria for a diagnosis of alcohol abuse without dependence
and alcohol dependence by young adulthood was similar. Specifically, 21.3% of participants
met criteria for alcohol abuse without dependence and 24.5% met criteria for lifetime alcohol
dependence. The mean number of alcohol use disorder symptoms reported for the entire sample
was relatively low (M = 2.19, SD = 2.56, Range 0 — 11), with the modal response being zero
(35.6%).

4.2 Alcohol Use Disorders Symptoms

Results from the ZIP regression using early adolescent psychopathology to predict AUD
symptoms are presented in Table 2. The significant predictors for the zero-inflated portion of
the model included minority status and participant's prior alcohol use. Specifically, boys who
reported prior alcohol use at the first follow-up and Caucasian participants were less likely to
belong to the latent group of participants who were unable to assume non-zero symptoms scores
(e.g., abstainers). Early adolescent psychopathology did not significantly predict the inflation
portion of the AUD symptom model.

In contrast, facets of early adolescent psychopathology were significantly related to an
increased number of AUD symptoms for the count portion of the ZIP regression. After
controlling for potential confounds and the overlap between measures of early adolescent
psychopathology, higher levels of anxiety/withdrawal were inversely related to AUD
symptoms. On the other hand, higher levels of CD symptoms were significantly related to
higher levels of AUD symptoms. There were no main effects for ADHD symptoms or
depression in predicting AUD symptoms.

In the second step of the regression, there was a statistically significant interaction between
conduct problems and depression in predicting the number of AUD symptoms by early
adulthood. As previously mentioned, recommended procedures for probing continuous
variable interactions at mean levels of all other covariates in the model were used to elucidate
the nature of this relation (Aiken & West, 1991). The results from these analyses are visually
depicted in Figure 1. Depressive symptoms were not significantly related to AUD symptoms
for participants with low (incident rate ratio (IRR) =.952, 95% confidence interval (CI) = .826
—1.10,z =-.671, p = .502) and moderate (IRR = 1.038, 95% CI = .931 — 1.156, z = .664, p =.
507) levels of CD symptoms. However, increased depression was associated with a greater
number of AUD symptoms for individuals with high levels of CD symptoms at a marginal
level of statistical significance (IRR = 1.131, 95% CI = .996 — 1.284, z = 1.898, p = .058).
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Overall, the results suggest that the co-occurrence of high levels of depression and CD
symptoms seems to place adolescents at particular risk of developing increased AUD
symptoms by young adulthood.

4.3 Alcohol Use Disorder Diagnoses

Multinomial regression results predicting AUD diagnoses from early adolescent
psychopathology are presented in Table 4. Results indicated that early adolescent
psychopathology did not significantly differentiate individuals with a lifetime diagnosis of
alcohol abuse without dependence from those who never developed an AUD. In contrast,
participants with higher levels of CD symptoms and lower levels of anxiety/withdrawal in early
adolescence were more likely to develop a lifetime diagnosis of alcohol dependence in
comparison to individuals who never developed an AUD.

In the second step of the regression, a significant interaction emerged between early adolescent
CD symptoms and depression in predicting both alcohol abuse and alcohol dependence. Post
hoc probing of the interactions revealed a similar pattern of findings for alcohol abuse (see
Figure 2) and alcohol dependence (see Figure 3). Depressive symptoms did not significantly
differentiate non-AUD participants from those who developed alcohol abuse at low (relative
risk ratio (RRR) =.717, 95% CI = .484 — 1.061, z = —1.664, p = .096) and moderate (RRR =
1.151, 95% CI = .846 — 1.565, z = .897, p = .370) levels of CD symptoms. However, increased
depression was associated with a greater risk for developing alcohol abuse for individuals with
high levels of CD symptoms (RRR = 1.842, 95% CI = 1.140 — 2.974, z = 2.496, p = .013).
Similarly, depressive symptoms did not significantly differentiate non-AUD participants from
those who developed alcohol dependence at low (RRR =.793, 95% Cl = .541 — 1.164,z =
—1.185, p = .236) and moderate (RRR = 1.163, 95% CI = .880 — 1.537, z = 1.061, p = .289)
levels of CD symptoms. In contrast, higher levels of depressive symptoms were significantly
associated with a greater risk for developing alcohol dependence for those participants with
high levels of CD symptoms (RRR = 1.701, 95% Cl = 1.174 — 2.465, z = 2.805, p = .005).

4.4 Post Hoc Analyses

Because no a priori hypotheses were made about interactions between early adolescent ADHD
symptoms, depression, and anxiety in predicting AUD symptoms and diagnoses by young
adulthood, two-way interactions between these facets of early adolescent psychopathology
were not included in the primary analyses. However, exploratory analyses were conducted with
the two-way interaction terms representing ADHD symptoms by depression, ADHD symptoms
by anxiety/withdrawal, and depression by anxiety/withdrawal. These interaction terms were
added to models predicting both AUD symptoms and diagnoses, after controlling for all
potential confounds and the significant CD symptom by depression interaction. None of the
parameter estimates for these interaction terms were statistically significant. These analyses
are available upon request from the primary author.

5. Discussion

A primary goal of the current study was to examine the independent relation between measures
of early adolescent psychopathology and the development of alcohol use disorder symptoms
and diagnoses by young adulthood. Consistent with prior research, problems related to CD
symptoms, ADHD symptoms, depression, and anxiety/withdrawal tended to co-occur in early
adolescence. However, after controlling for the co-occurrence between these facets of
psychopathology, several unique relations with AUD outcomes by early adulthood emerged.
As expected, early adolescent CD symptoms emerged as a risk factor for developing increased
AUD symptoms and alcohol dependence by early adulthood. There was also consistent
evidence indicating that increased levels of depressive symptoms in conjunction high CD
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symptoms placed early adolescent boys at particular risk for developing AUD symptoms and
diagnoses. In contrast, higher levels of anxiety/withdrawal in early adolescence seemed to
protect boys from developing significant AUD symptoms and alcohol dependence. There was
no evidence that early adolescent ADHD symptoms were related later AUD outcomes after
controlling for cooccurring forms of psychopathology and potential confounds. In general,
early adolescent psychopathology did not predict which boys would refrain from developing
any AUD symptoms by early adulthood (i.e., zero-inflation), and early adolescent
psychopathology was only modestly related to alcohol abuse in the absence of dependence.
This is congruent with research suggesting that severe forms of psychopathology are
consistently associated with alcohol dependence, but inconsistently related to alcohol abuse
(Hasin et al., 2003).

5.1 CD Symptoms and Alcohol Use Disorders

The current results support research linking CD symptoms to early-onset alcohol use problems
(Weinberg et al., 1998). Specifically, boys who exhibited higher levels of CD symptoms at the
initial assessment were more likely to have initiated alcohol use and experienced problems as
the result of alcohol use in the past. However, even after controlling for the co-occurrence of
CD symptoms and alcohol use in early adolescence, elevated CD symptoms placed boys at
risk for developing serious alcohol use problems by young adulthood. Moreover, the relation
between CD symptoms and the development of AUD symptoms does not seem to be due to
its overlap with other forms of early adolescent psychopathology (i.e., ADHD symptoms,
depression, anxiety/withdrawal). An important area for future research will be to examine the
processes that explain the robust relation between CD symptoms and later alcohol use
problems. For example, more genetically informed studies are needed to determine the extent
to which the co-occurrence between early CD symptoms and alcohol use disorders can be
accounted for by genetic factors (Tarter et al., 1999), including the examination of specific
candidate genes (for example see Hill et al., 2002). In addition, peer contagion models that
suggest adolescents with significant CD symptoms are more likely to associate with deviant
peers, who in turn promote problematic drinking habits, need to be tested further using
longitudinal data (Dishion et al., 1995).

5.2 ADHD Symptoms and Alcohol Use Disorders

After controlling for other forms of early adolescent psychopathology, there was no evidence
linking ADHD symptoms to alcohol use disorders by early adulthood. While the current
measure of ADHD symptoms was limited by its reliance on one informant (i.e., parent), the
findings are consistent with a growing body of literature. In a recent review of longitudinal
studies, Flory and Lynam (2003) found no significant evidence for an independent relation
between ADHD symptoms and substance use problems (except possibly tobacco use), after
accounting for co-occurring conduct problems. While some cross-sectional evidence has
suggested that problems with ADHD and CD may interact to increase an individual's risk for
substance use problems (Flory et al., 2003;Molina et al., 1999), longitudinal studies have failed
to find direct evidence for such an interaction (Fergusson, et al., 1993;Loeber et al.,
1999;Taylor et al., 1996). Consistent with this longitudinal work, the current study found no
evidence for an interaction between ADHD and CD symptoms in predicting alcohol use
disorders by young adulthood.

5.3 Anxiety/Withdrawal and Alcohol Use Disorders

Findings suggested that boys who experienced significant levels of anxiety/withdrawal in early
adolescence were less likely to develop AUD symptoms and alcohol dependence by young
adulthood. This inverse relationship between measures of interpersonal anxiety and substance
use outcomes has been observed in other longitudinal investigations (Kaplow et al.,
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2001;Masse & Tremblay, 1997;Pardini et al., 2004). As a result, investigators have warned
against aggregating facets of negative affect into composite scales during childhood and
adolescence (Pardini et al., 2004). In substance use studies, it seems particularly important to
separate negative emotions that tend to be inversely related to substance use outcomes (e.g.,
social anxiety, fearfulness), from those shown to be positively associated with substance using
behaviors (e.g., depression, anger). An important area of future research involves elucidating
the mechanisms behind the inverse relation between anxiety/withdrawal and the development
of substance use problems. Cross-sectional studies have suggested that children with high
levels of anxiety/withdrawal are less likely to engage in risk-taking behaviors with deviant
peers, thereby protecting them from engaging in significant substance using behaviors during
adolescence (Wills et al., 1999). However, longitudinal investigations exploring this
hypothesis in further detail are needed before firm conclusions can be drawn.

5.4 Interactive Effects of CD and Depression

There was consistent evidence indicating that early adolescent depression interacts with CD
symptoms to predict alcohol use disorders. Specifically, higher levels of depression were
related to the development of alcohol use disorder symptoms and diagnoses in young adulthood
only for participants with high levels of early CD symptoms. Miller-Johnson et al. (1998)
described a similar finding in which sixth graders with comorbid conduct and depressive
problems had higher levels of 8t grade alcohol and marijuana use in comparison to those with
either problem in isolation. Importantly, the authors determined that this interactive effect was
not the result of more severe conduct problems in the comorbid group. While the explanatory
mechanisms behind this interaction are unknown, hypotheses have been proposed. For
example, Marmorstein and lacono (2003) noted that adolescents with conduct disorder and
elevated depressive symptoms may repeatedly use substances to manage their negative
affective states because they are relatively unconcerned about violating social norms.
Interestingly, longitudinal evidence also suggests that high levels of depression are associated
with the progression from childhood conduct disorder to antisocial personality disorder in
young adulthood (Loeber et al., 2002). As a result, young adolescents with co-occurring
depression and conduct problem symptoms may be at particular risk for developing a severe
form of alcoholism with antisocial features by young adulthood.

5.5 Limitations

A limitation of the current study was that participants reported on the lifetime prevalence of
alcohol use disorder symptoms in young adulthood. However, the primary relations observed
in this study were significant after controlling for the boys' prior history of alcohol use and
history of alcohol use problems at the initial assessment. In addition, a relatively small
proportion of boys reported any prior experience with alcohol use problems at the time that
the psychopathology variables were assessed (i.e., 5%). This suggests that psychopathology
symptoms preceded the development of AUD symptoms for most boys in the current study.

The current investigation did not examine the potential mediational processes linking early
adolescent psychopathology to alcohol use disorders. Investigators have emphasized mediation
analysis as an important next step in research on the development of substance use disorders
(Cicchetti & Luthar, 1999). Cross-sectional and longitudinal studies suggest that factors such
as poor self-control and coping skills, deviant peer group affiliation, and increased life stress
are potential mediators worthy of future investigation (Wills et al., 1998,1999;Wills &
Stoolmiller, 2002). It will also be important to ensure that the association between early
psychopathology and alcohol use disorders cannot be accounted for by a common third factor
(e.g., poor parenting practices). While the current study did attempt to account for parental
history of alcohol/drug problems, this variable was derived from a measure asking parents if
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they had ever sought help for these problems. As a result, it did not account for substance
abusing parents who had never sought treatment for their problems.

Future studies should also determine if the effects observed in the current investigation hold
for other substance use disorders. Unfortunately, the low prevalence rates of other substance
use disorders at either assessment in early adulthood in the Pittsburgh Youth Study limits our
ability to accurately estimate interaction effects with adequate statistical power (e.g., cannabis
abuse/dependence = 11.9%). It is possible that the mechanisms underlying the development
of substance use disorders involving illicit drugs are different from those involving alcohol.

There are also several limitations resulting from the nature of the sample. Because all
participants in the Pittsburgh Youth Study are male, potential gender differences in the
observed relations could not be examined. While the Pittsburgh Youth Study over-sampled
boys with high levels of conduct problems, weighted analyses were used to account for this
sampling scheme. However, all participants were selected from Pittsburgh city schools,
limiting our ability to generalize these findings outside of this geographical area. Lastly, the
boys in the oldest sample were already in early adolescence at the beginning of the
investigation. Future studies with younger children are needed to determine if childhood
measures of psychopathology are related to later alcohol use disorders in a manner similar to
those described here.

5.6 Conclusions

The current study used prospective data to examine the relation between early adolescent
psychopathology and the development of alcohol use disorders by early adulthood. CD
symptoms emerged as a robust predictor of future alcohol use disorders, suggesting that
substance abuse prevention programs are best targeted toward youth exhibiting significant
antisocial behavior. However, adolescents with co-occurring depressive symptoms and CD
symptoms were are at highest risk for developing alcohol use disorders by young adulthood.
Along similar lines, a recently developed cognitive-behavioral intervention for adolescents
with co-occurring depression and substance use disorders found that nearly all participants also
met criteria for conduct disorder (Curry et al., 2003). Pilot testing of this program showed
reductions in both depressive symptoms and substance using behaviors, suggesting that it could
be adapted to help prevent the development of substance use disorders among children with
comorbid conduct disorder and depression. On the other hand, adolescents with internalizing
problems related to anxiety/withdrawal seem to have a lower risk for developing alcohol use
disorders, which supports recent warnings about aggregating different facets of negative
emotions in substance use research. Consistent with a growing body of longitudinal research,
ADHD symptoms had little or no impact on the development of alcohol use disorders after
controlling for co-occurring forms of psychopathology.
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Figure 1.

Interaction between conduct disorder symptoms and depression in predicting alcohol use
disorder symptoms by young adulthood. Predicted values are based on the log of the incident
rate ratio.
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Figure 2.
Interaction between conduct disorder symptoms and depression in predicting alcohol abuse by
young adulthood. Predicted values are based on the log of the relative risk ratio.
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Figure 3.
Interaction between conduct disorder symptoms and depression in predicting alcohol
dependence by young adulthood. Predicted values are based on the log of the relative risk ratio.
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