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Abstract

Background—This study was designed to assess age specificity in the risk for heavy drinking and
alcohol use disorder (AUD) among adolescents and young adults with Attention-Deficit/
Hyperactivity Disorder (ADHD) diagnosed in childhood.

Method—Children diagnosed with ADHD (n = 364 probands) were interviewed an average of 8
years later in the Pittsburgh ADHD Longitudinal Study, either as adolescents (11-17 years old) or
as young adults (18-28 years of age). Demographically similar age-matched participants without
ADHD were recruited as adolescents (n = 120) or as adults (n = 120) for comparison with the
probands. Alcohol involvement was assessed comprehensively to include measures of heavy
drinking that are standard in alcoholism research and prognostic of later alcohol-related problems.

Results—Results revealed age specificity in the association such that episodic heavy drinking
(measured as 5+ drinks per occasion), drunkenness, DSM-IV AUD symptoms, and DSM-IV AUD
were elevated among 15- to 17-year-old probands, but not among younger adolescents. Among young
adults, drinking quantity and AUD were elevated among probands with antisocial personality
disorder. Childhood predictors indexing antisocial behavior were also examined.

Conclusions—The age- specificity of these findings helps to explain prior inconsistencies across
previous studies regarding risk for alcohol-related outcomes among children with ADHD.
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Children with Attention-Deficit/Hyperactivity Disorder (ADHD) are theoretically at risk for
alcoholism because of their behavioral profiles in early childhood (Pelham and Lang, 1993;
Smith et al., 2002). Impulsivity, distractibility, hyperactivity, and, in general, cognitive and
behavioral under-regulation describe the symptoms of ADHD as well as the larger construct
of behavioral under-control implicated in alcoholism theory (Sher, 1991; Tarter et al., 1990;
Zucker et al., 1995). Many longitudinal studies have found a prospective connection between
these early-appearing behavioral traits and later alcohol-related outcomes (Caspi et al., 1996;
Masse and Tremblay, 1997; Niemela et al., 2006; Tarter et al., 2004). However, empirical tests
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of the hypothesis that childhood ADHD diagnosis elevates risk for alcohol-related outcomes
have produced inconsistent findings. A failure to consider age specificity in the association
may have contributed to the discrepancies in the literature.

Alcoholism Vulnerability in Adolescence

Several studies have investigated the association between childhood ADHD and later alcohol
use in adolescence; the findings suggest no substantially increased risk for diagnosable alcohol
use disorder (AUD) for ADHD children as a group. Biederman et al. (1997) conducted a 4-
year follow-up study of 140 children diagnosed with ADHD and found similar rates of AUD
in proband and control adolescents. We followed 142 children with ADHD and did not find
significantly more AUD compared with same-aged youth without an ADHD history (Molina
and Pelham, 2003). In both of these studies, some participants were quite young (9 years old
in the Biederman study, 13 years old in our study). In addition, the average age at follow-up
was about 15, which is younger than the age range associated with peak risk for AUD (Grant
etal., 1994). The inclusion of children or young adolescents in these comparisons may explain
failure to detect group differences in certain alcohol-related outcomes because AUDs have not
yet developed, and indices of alcohol consumption other than diagnosis of alcohol abuse or
dependence may be more appropriate (Martin and Winters, 1998). Other studies have grouped
together participants ranging widely in age, which may have obscured important associations
(Gittelman et al., 1985; Mannuzza et al., 1991).

Other findings from these studies suggest that important effects of childhood ADHD may be
masked by the over-focus on diagnosable AUD in adolescence. In the Biederman study,
children with ADHD had an earlier age of symptom onset than controls for most substance use
disorders (that included AUD). Probands also had a significantly shorter span of time between
onset of substance abuse and onset of substance dependence, suggesting rapid progression of
alcohol-related problems after experimental drinking. Similarly, in the Molina and Pelham
study, probands reported more frequent drunkenness, a younger age when first drunk, and more
alcohol-related problems that included subclinical symptomatology. Symptoms of AUD in
adolescence (Robins and Regier, 1991) and alcohol consumption before age 14 (Grant and
Dawson, 1997) are prognostic of later AUD. Thus, probands with ADHD appear to differ from
comparison youth without ADHD on more developmentally informed indicators of alcoholism
vulnerability in adolescence.

One particularly important measure of problematic drinking among young people is episodic
heavy drinking, often defined as 5 or more drinks consumed per drinking occasion (sometimes
referred to as “binge drinking”). Although experimentation with alcohol during the teen-age
years is commonplace, such early heavy drinking is significantly less benign (Chassin et al.,
2002) and predicts AUD and other adverse adult functioning outcomes (Hill et al., 2000). For
example, Chassin et al. (2002) found that adolescent heavy drinking predicted alcohol and drug
abuse, antisocial personality disorder (ASP) symptoms, and less college attendance by the early
20s. Our earlier findings suggest that drinking alcohol to the point of intoxication (drunkenness)
is more prevalent among adolescents with childhood ADHD than among adolescents without
childhood ADHD (Molina and Pelham, 2003). Given the long-term risks associated with early
heavy drinking, these findings need to be replicated. Research on ADHD and adolescent
alcohol use also needs to expand drinking behavior assessments to include the standard set of
drinking variables commonly seen in studies of adolescent alcohol use (5 or more drinks per
occasion).

Alcoholism Vulnerability in Early Adulthood in ADHD

In the most recent prospective examination of childhood ADHD and adult drinking, childhood
ADHD failed to predict AUDs or other drug use disorders by 20-21 years of age (Fischer et
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al., 2002). Other well-known longitudinal studies of children with hyperactivity or ADHD also
failed to find ADHD-nonADHD group differences in young adult AUD (Claude and Firestone,
1995; Gittelman et al., 1985; Lambert and Hartsough, 1998; Mannuzza et al., 1991, 1993).
These findings are puzzling because elevated rates of drug use disorders in the probands have
been reported for all of these samples (for an exception, see Fischer et al., 2002), and because
comorbidity between drug and AUDs is common (Robins and Regier, 1991). Moreover, there
is growing evidence of sustained educational and occupational impairment in adulthood
following childhood ADHD (Mannuzza et al., 1993), and these are correlates of adult problem
drinking. Finally, given the contribution of disinhibitory traits to the development of alcoholism
(e.g., Sher et al., 2005), childhood ADHD should, theoretically, predict adult AUD. As with
adolescents, age of assessment may be a factor. Because heavy drinking is prevalent among
young adults (SAMHSA, 2003), group differences between adults with and without childhood
ADHD may not be obvious until later when adult roles such as marriage and stable employment
are typically assumed. For example, in the Rutgers Health and Human Development Project,
Bates and Labouvie (1997) reported a deceleration in the growth of drinking around the early
20s, and reductions in drinking as individuals aged to their late 20s. Thus, there is evidence
that the underlying trajectory of drinking behavior in young adulthood is shaped quite
differently from that in adolescence, with heavy drinking reaching its peak during this age
range, and subsequently declining as adults mature. Longitudinal studies of children with
ADHD may need to consider this pattern by examining drinking behavior separately for young
adults and for adolescents, and by allowing for the possibility of age-specific ADHD group
differences within young adulthood.

Conduct Problems and Alcoholism Vulnerability Among Children With ADHD

Conduct problems are well-established prospective predictors of early substance use and
substance use disorder in longitudinal studies of community samples (Brook et al., 1995;
Lynskey and Fergusson, 1995; White et al., 2001). Thus, it is often hypothesized that among
children with ADHD, for whom antisocial behaviors are common (Hinshaw, 1987), that
symptoms of comorbid behavior disorders (i.e., oppositional defiant disorder, ODD, or conduct
disorder, CD) should identify probands at risk for AUD or other substance use/disorders.
Although some studies have found that the presence of later externalizing disorders is important
for substance use risk in children with ADHD (August et al., 2006; Barkley et al., 1990;
Gittelman et al., 1985), a surprisingly small number of studies have specifically examined
prediction from childhood symptoms of ODD or CD explicitly. Among clinic samples of
children with ADHD followed into adolescence, childhood aggression, conduct problems, or
CD significantly predicted alcohol use in 2 studies (Burke et al., 2001; Loney et al., 1981) and
failed to predict it in 3 others (Fischer et al., 1993; Mannuzza et al., 2004; Molina and Pelham,
2003). Among children with ADHD followed into early adulthood, childhood conduct
problems did not predict weekly alcohol use or drunkenness (Barkley et al., 2003). Thus,
although there is considerable evidence that conduct problems co-occur with heavy drinking
in adolescence, it is unclear whether conduct problems in childhood are robust markers of
alcoholism risk among children with ADHD. An answer to this question would help to establish
whether an early and widely assessed comorbidity in children being assessed for ADHD is a
marker for alcoholism vulnerability.

The Current Study

The Pittsburgh ADHD Longitudinal Study (PALS) was designed to address the questions
raised above. The PALS is a large longitudinal study of children diagnosed with ADHD and
a demographically similar group of youth without ADHD recruited for comparison purposes
(Faden et al., 2004).1 The sample includes both adolescents and young adults, allowing
examination of questions regarding the age specificity of associations with ADHD. In the
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current study, we focused on the alcohol consumption and AUD symptoms/diagnoses of our
participants within the developmentally distinct periods of adolescence and young adulthood,
when trajectories of drinking behavior assume different shapes. In addition to measures of
AUD, we tested the hypothesis that childhood ADHD increased risk for heavy drinking and
early drinking, variables that are prognostic of later drinking difficulties (e.g., frequency of
episodic heavy drinking, age when first drunk), and yet that are typically absent in longitudinal
studies of children with ADHD. Finally, we tested the hypothesis that childhood conduct
problems predict alcohol- related outcomes among children with ADHD, and that heavy
alcohol use and AUD are comorbid with concurrent conduct problems (CD for adolescents;
ASP for young adults).

MATERIALS AND METHODS

Participants

Probands—Probands were 364 individuals recruited from a pool of 516 children (70.5%
participation rate) previously diagnosed with DSM-I111-R or DSM-1V ADHD at the ADD Clinic
at the Western Psychiatric Institute and Clinic (WPIC) in Pittsburgh, PA during the years from
1987 to 1996. Age at initial evaluation ranged from 5.0 to 16.92 years (M = 9.40, SD = 2.27),
with 90% in their elementary school-aged years (ages 5-12). All probands participated in the
Summer Treatment Program (STP) for children with ADHD, an 8-week intervention that
included behavioral modification, parent training, and psychoactive medication trials where
indicated (Pelham and Hoza, 1996). Of the 516 potential participants, 23 could not be located
at follow-up and 129 refused or failed to participate. Participating probands were compared
with nonparticipating probands on demographic (e.g., age at first treatment, race, parental
education level, and marital status) and diagnostic (e.g., parent and teacher ratings of ADHD
and related symptomatology) variables. Only one of 14 comparisons was significant at the p
< 0.05 significance level.2 Probands were between the ages of 11 and 28 at the time of their
first follow-up interview in the PALS, with the majority (99%) falling between 11 and 25 years
of age and an average of 8.35 (SD = 2.79) years having elapsed since the probands’ initial
assessment in the ADD program.

Diagnostic information for the probands was collected in childhood using several sources,
including the parent and teacher disruptive behavior disorder (DBD) Rating Scale, which
assesses the DSM-111-R and DSM-1V symptoms of the disruptive behavior disorders (Pelham
et al., 1992). Parents completed a semi-structured diagnostic interview with PhD-level
clinicians consisting of the DSM-I11-R or DSM-1V descriptors for ADHD, ODD, and CD, with
supplemental probe questions regarding situational and severity factors. The interview also
included queries about other comorbidities to determine whether additional assessment was
needed (instrument available at http://wings.buffalo.edu/adhd, or through the second author).
Following DSM guidelines, diagnoses were made if a sufficient number of symptoms were
endorsed (considering information from both parents and teachers) to result in diagnosis. Two
Ph.D.-level clinicians independently reviewed all ratings and interviews to confirm the DSM
diagnoses. When the 2 clinicians disagreed, a third clinician reviewed the file and the majority
decision was used. Exclusionary criteria for participation in the follow-up study were also
assessed in childhood: a full-scale 1Q < 80, a history of seizures or other neurological problems,

1Some of the PALS young adults participated as adolescents in the Molina and Pelham (2003) study: 24% of the PALS probands (86/364)
and 20% of the PALS controls (47/240). There is no overlap in participants for the adolescents in the two studies.

Participants had a slightly lower average CD symptom rating as indicated by a composite of parent and teacher ratings on the Disruptive
Behavior Disorders (DBD) Rating Scale (Pelham et al., 1992) (participants M = 0.43, nonparticipants M = 0.53, d = .30). Other effect
sizes ranged from 0.06 to 0.14. Odds ratios were computed for categorical variables (e.g., race); all odds ratios were < 1.4 and associated
chi-squared statistics were nonsignificant.
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and/or a history of pervasive developmental disorder, schizophrenia, or other psychotic or
organic mental disorders.

Non-ADHD participants—Two-hundred forty participants without ADHD (controls) were
recruited from the Pittsburgh area between 1999 and 2001 for their demographic similarity to
the probands at follow-up (e.g., age range between 11 and 25). Most of the minors were
recruited through several large pediatric practices in Allegheny County serving patients from
diverse socioeconomic backgrounds (40.8% of the control sample). The remaining controls
were recruited via advertisements in local newspapers and the university hospital staff
newsletter (27.5%), local universities and colleges (20.8%), and other methods (Pittsburgh
Public Schools, word of mouth, etc.). A telephone screening interview administered to parents
of the controls gathered basic demographic characteristics, history of diagnosis and treatment
for ADHD and other behavior problems, presence of exclusionary criteria as previously listed
for probands, and a checklist of ADHD symptoms. Young adults (18+) also provided self-
report. Attention-deficit/hyperactivity disorder symptoms were counted as present if reported
by either the parent or young adult. Individuals who met DSM-I1I-R criteria for ADHD
(presence of 8 or more symptoms)—either currently or historically—were excluded. Control
participants with subthreshold ADHD symptomatology, or other psychiatric disorders, were
retained.

The control participants were selected to ensure that the 2 groups were equivalent in proportion
on several demographic characteristics. As a result, the probands and controls did not differ in
age (for ADHD, M =17.74, SD = 3.38; for nonADHD, M =17.17, SD = 3.16), sex (for ADHD,
89.6% male; for nonADHD, 88.7% male), ethnicity/racial minority (for ADHD, 18.4% were
minority, 11.0% were African American; for nonADHD, 15.4% were minority, 9.2% were
African American), and highest parent education (for ADHD, M = 7.14, SD = 1.62; for
nonADHD, M =7.41, SD = 1.65, on a scale of 1 (less than seventh-grade education) to 9
(graduate professional training), with 7 = Associate’s or a 2-year degree. A higher percentage
of probands than controls were from single parent households (33.2% of probands vs 23.6%
of controls, p < 0.05), probands’ parents had lower incomes than controls’ parents (for ADHD,
M = $62,959, SD = 47,971, Mdn = $52,000; for nonADHD, M = $76,091, SD = 58,140,
Mdn = $67,318, p < 0.01), and more probands than controls had been adopted (8.0% of
probands vs 0.4% of controls, p < 0.01). The last grade in school completed by the probands
and controls was not significantly different between the groups (for ADHD, M = 11.34, SD =
2.79; for nonADHD, M = 11.78, SD = 3.36).

Because of the wide age range in the PALS sample and our interest in age-specific associations
between ADHD and alcohol use, we compared the adolescent (11-17 years old at follow-up)
and adult (18+ at follow-up) probands on the same 14 demographic and diagnostic childhood
measures examined above. Adolescent probands had significantly higher (p < 0.01) reading
and math achievement scores, and yet more deviant scores on parent and teacher peer-relations
ratings and teacher Abbreviated Conners ratings (p < 0.05); no other diagnostic or demographic
variables were different between the proband subgroups. Thus, the proband subgroup
differences do not suggest a consistent pattern of greater symptom severity and impairment in
one age subgroup than in the other.

Follow-up interviews in adolescence and young adulthood were conducted in the ADD
Program offices by postbaccalaureate research staff. Interviewers were not blind to recruitment
source (i.e., presence or absence of ADHD in childhood), but they were trained to avoid bias
in data collection. Moreover, many of the PALS questionnaires are completed privately by
participants (e.g., alcohol consumption measures), which helps to minimize interviewer
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contamination. Informed consent was obtained and all participants were assured confidentiality
of all disclosed material, except in cases of impending danger or harm to self or others
(reinforced with a DHHS Certificate of Confidentiality). In cases where distance prevented
participant travel to WPIC, information was collected through a combination of mailed and
telephone correspondence; home visits were offered as need dictated. Self-report
questionnaires were completed either with paper and pencil or web-based versions on a closed-
circuit internet page.

Alcohol consumption—Alcohol use at follow-up was evaluated with a structured paper-
and-pencil substance use questionnaire (SUQ) that is an adaptation of existing measures,
including the Health Behavior Questionnaire (Jessor et al., 1989) and National Household
Survey of Drug Abuse interview (NHSDA, 1992). The SUQ includes both lifetime exposure
questions (e.g., have you ever had a drink, have you ever been drunk, age of first drink) and
quantity/frequency questions. Four variables indicating alcohol use in the previous 12 months
were used in the current study: (1) Frequency of drinking (“In the past 12 months, how often
did you drink beer, wine, wine coolers, or liquor?”); (2) Typical quantity of drinking (“How
much did you usually drink each time?”); (3) Frequency of episodic heavy drinking (“In the
past 12 months, how often did you drink 5 or more drinks when you were drinking?”); and (4)
Frequency of drunkenness (“In the past 12 months, how often have you gotten drunk or “very,
very high” on alcohol?”). Except for typical quantity, responses ranged from 0 “not at all,” to
11 “several times a day”. For a typical quantity, responses ranged from 0 “I didn’t drink in the
past 12 months” and 1 “less than one can or glass”, to 13 “more than 25 drinks”.

AUD—The presence of AUD (lifetime and current) at follow-up was assessed with the
Structured Clinical Interview for DSM-1V, Non-Patient Edition (First et al., 1996) for adults
(participants aged 18 or older), or a structured paper-and-pencil clinical interview of DSM-IV
alcohol abuse and dependence symptoms for minors (age 17 or younger). The Structured
Clinical Interview for DSM-IV Axis 1 Disorders—Nonpatient edition (SCID-NP) has well-
established psychometric properties. The interview for minors was a fully structured and
expanded adaptation of the DSM-IV SCID AUD module by Martin (1995, 2000). Thirty
questions addressed lifetime occurrence of alcohol-related problems (e.g., getting into serious
trouble at school or having significant arguments with family members because of drinking;
drinking to the exclusion of spending time at hobbies or with family/friends), the severity and
persistence of the problem, and ages of onset and offset. As with the SCID-NP, a diagnosis of
abuse required the presence of at least 1 abuse symptom at the clinical level (score of 2 on a
0-2 scale); a diagnosis of dependence required the presence of at least 3 dependence symptoms
atthe clinical level. As per DSM-1V, the diagnosis of alcohol dependence precluded a diagnosis
of alcohol abuse. Inter-rater reliability for scoring of alcohol abuse and dependence based on
these questions, with a psychiatrist board-certified in child and addiction psychiatry, was 0.90
for current AUD and 0.92 for lifetime AUD. A dimensional measure of impairment due to
alcohol use was calculated by summing the 11 DSM-IV abuse and dependence symptom scores
for all participants (range 0-22).

Conduct problems in the probands—~Parent and teacher DBD ratings of childhood ODD
and CD symptoms were averaged, using as customary (Lahey et al., 1994) the higher rating
between the 2 reporters for each symptom. Ratings of symptoms ranged from 0 “not at all” to
3 “very much.” Items were those in common between the DSM-I11-R and DSM-1V (8 ODD
and 13 CD symptom items, Cronbach’s alpha=0.93, M = 1.01, SD = 0.42). These ratings were
collected when the probands were children, at the time of entry into the STP (Molina and
Pelham, 2003). Based on these ratings, 47% of the sample had DSM-IV ODD and 36% of the
sample had DSM-IV CD in childhood. The average rating for each child of ODD and CD

Alcohol Clin Exp Res. Author manuscript; available in PMC 2009 May 11.
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symptoms was tested as a predictor of proband alcohol use; the diagnosis of childhood CD was
also used for comparison with previous studies and for application to clinical settings.

Concurrent CD and ASP—At follow-up, a current diagnosis of CD for adolescents was
made using a combination of parent, teacher, and self-report on the DBD adapted for
adolescents, and parent and self-report on the DISC (Shaffer et al., 2000). If each symptom of
CD was endorsed by any rater, it was counted and adolescents who exceeded DSM-1V
symptom cutoffs were diagnosed as having CD. For young adults, parents and young adults
completed the Anti-social Personality Disorder portion of the SCID Il interview. Because
evidence of childhood CD is required for a diagnosis of ASP, parent and teacher ratings
collected during childhood (at time of STP enrollment) on the DBD were examined; any young
adult who had met CD diagnostic criteria in childhood and exceeded the clinical cutoff of 3 or
more items endorsed on the ASP interview was diagnosed as having ASP. (Retrospective DBD
self-reports and parent reports describing childhood functioning were used for young adult
controls.)

Substance Use in the Sample

For descriptive purposes, Table 1 shows the extent of alcohol use, AUD symptoms, and AUD
for the PALS sample as a whole and for the proband and control sub-groups. Original values
for the continuous drinking variables are recoded for ease of interpretation. Statistical tests of
group differences, including tests of interactions with age, are presented below (not in Table
1). Table 1 data are presented separately for adolescents (11-17 years of age) and for young
adults (18-25 years of age). The 3 oldest probands (26—28 years old) were deleted from this
table and from all subsequent analyses because there were no age-matched controls. Similar
to national survey data (SAMHSA, 2003), about 40% of adolescents and over 80% of young
adults in our sample had used alcohol at least once in their lives. As predicted, ADHD group
differences were not suggested for lifetime use. As a group, the adolescents on average reported
drinking less than once a month and drinking heavily about once every other month. Heavy
drinking (frequency of 5 or more drinks; frequency of drunkenness), in contrast to the AUD
variables (AUD symptoms; diagnosed AUD), suggested the possibility of group differences,
with much higher means and standard deviations among the proband than control adolescents.
These group differences were not apparent among the young adults.

Analyses Testing Age Specificity

Ordinary least squares regressions were used to test the hypothesis that risk for alcohol
involvement is age specific and measure specific. Given the large differences in alcohol
behavior between the adolescent and young adult subsamples, the analyses were conducted
separately for these 2 age subgroups. The 4 alcohol use consumption variables and the AUD
symptom score were each regressed on age at follow-up, childhood ADHD (no/yes), age
squared (to test for a possible nonlinear association), and childhood ADHDxage. There were
no statistically significant interactions of childhood ADHD by age squared; results are
presented without this term. Age was centered to reduce multicollinearity; influential outliers
were examined using DFFITS and DFBETAS (Fox, 1991). Statistically significant interactions
were interpreted using calculation of simple slopes at each year of age (Aiken and West,
1991). The results did not change after controlling for the 3 demographic variables that were
different between probands and controls (parent income, marital status, and adoption); results
are presented from analyses excluding these covariates. Finally, additional analyses were
conducted to determine whether the findings were robust to analytic method (i.e., using logistic
regression with dichotomized outcomes); the results did not change.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2009 May 11.
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Adolescent Subsample

Regression results are given in Table 2. There were significant linear and nonlinear associations
between age and all of the drinking variables, and significant ADHD by age interactions for 3
variables. The linear and nonlinear age effects reflected the expected higher levels of drinking
among older adolescents. The ADHD by age interactions revealed significant prediction of
episodic heavy drinking, drunkenness, and AUD symptoms from childhood ADHD beginning
at age 15. Specifically, childhood ADHD was not associated with episodic heavy drinking,
drunkenness, or AUD symptoms for youth younger than 15, p’s = 0.09 to 0.90. However,
associations were significant for these alcohol variables at ages 15, p’ = 0.000 to 0.011; 16,
p’s=0.000 to 0.004; and 17, p’s = 0.000 to 0.004. For example, for AUD symptoms, B = 0.20,
p =0.000 at 15; B =0.31, p = 0.000 at 16; and B = 0.42, p = 0.000 at 17. These findings make
sense, given the low rates of alcohol use among the adolescents below 15 years of age (e.g.,
only 16.1% of 11-14-year-old controls and 14.5% of 11-14-year-old probands had consumed
alcohol; only 3.6 and 4.3% of these groups had ever been drunk).

Conduct Problems in Childhood as Predictors of Adolescent Alcohol Involvement

The alcohol variables in Table 2 were regressed on childhood ODD/CD symptoms, child age
at follow-up, and childhood ODD/CD symptomsxage, for the adolescent proband subsample
(recall that ODD/CD symptoms were not collected in childhood for the controls). Neither the
main effect of ODD/CD symptoms, nor the interaction with age, were statistically significant.
Zero-order correlations ranged from —0.05 to 0.02.

As a check on the specificity of the childhood ODD/CD symptom variable, we regressed
adolescent CD diagnosis on this variable using logistic regression. The prediction was
statistically significant, Wald y2 = 4.43, df = 1, p = 0.04, OR = 2.45.

Conduct disorder diagnosis in childhood predicted AUD symptoms, B = 0.16, p = 0.03, but
not the 4 alcohol use variables (p-values higher than 0.16).

Concurrent CD in Adolescence

The alcohol variables in Table 2 were regressed on age at follow-up and 2 dummy-coded
variables indicating the effect of ADHD+concurrent CD versus controls, and ADHD/no
concurrent CD versus controls. Eleven to 14 year olds were excluded because of their low
levels of alcohol use; 15- to 17-year-old controls with CD (n = 2) were also excluded. Across
all 5 alcohol variables, probands with concurrent CD had significantly higher alcohol use and
AUD symptom scores than controls: for frequency of drinking, B = 0.43, p = 0.00; for typical
quantity, B = 0.32, p = 0.00; for episodic heavy drinking, B = 0.53, p = 0.00; for frequency of
drunkenness, B = 0.47, p = 0.00; and AUD symptoms, B = 0.54, p = 0.00. Probands without
concurrent CD did not have higher alcohol use and AUD symptom scores than controls: p’s =
0.23t0 0.96.

Table 3 shows the extent of alcohol use, AUD symptom scores, and percents with alcohol abuse
and dependence, among the 15 to 17 year olds separately for controls, for all probands, for
probands without concurrent CD, and for probands with concurrent CD. Consistent with the
regression results, probands with concurrent CD had significantly elevated levels of alcohol
use across all 4 of the alcohol consumption variables and the AUD symptom score when
compared with controls. Also as expected, compared with controls, probands with CD were
more likely to have an AUD (32.1 vs 0% for controls), x2(1) = 23.14, p = 0.000, and probands
without CD fell in between controls and probands with CD, but were still more likely than
controls to have an AUD (6.3 vs 0% for controls), x2(1) = 5.55, p = 0.019.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2009 May 11.
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Age of onset—Survival analyses were used to compare age of initial alcohol consumption
and drunkenness between the proband and control adolescents (allowing information from all
11-17 year olds to contribute to the analysis). Attention-deficit/hyperactivity disorder group
differences were not found for age of first drink, Breslow statistic = 0.34, df = 1, p = 0.56, with
both groups reporting their first drink of alcohol (more than a sip) at about age fifteen (M =
15.16 for controls, M = 15.00 for probands). Probands reported on average an earlier age of
first drunkenness but the group difference was not statistically significant at p < 0.05, Breslow
statistic = 2.96, df = 1, p = 0.09, (M = 16.37 for controls, M = 16.00 for probands). Conduct
disorder in adolescence was associated with an earlier age at first drink, Wald ¥2(1) = 9.14, p
=0.002, and first drunk, Wald ¥2(1) = 15.56, p = 0.000, compared with controls without CD;
absence of CD was associated with a later age of first drink for probands versus controls,
¥2(1) = 3.96, p = 0.047, but not first drunkenness, x2(1) = 0.41, p = 0.522.

Young Adult Subsample

The results of the multiple regressions for the young adults (lower half of Table 2) revealed
only linear and nonlinear associations between age and the alcohol involvement variables. The
age effects reflected a strong positive association between age and drinking/AUD symptoms
among the younger adults (e.g.,B=0.57, p=0.001, at age = 18.06, for episodic heavy drinking),
and a plateau in this association among the older adults (e.g., B=-0.07, p=0.59, at age 21.85,
for episodic heavy drinking). There were no statistically significant predictions from childhood
ADHD, either alone or in interaction with age at follow-up.

Conduct Problems in Childhood as Predictors of Adult Alcohol Involvement

There were 2 marginally significant findings (p < 0.11) for the young adult probands (B = 0.81,
p = 0.10 for frequency of drinking, B =0.12, p = 0.08 for AUD symptoms). The remaining 3
predictions were not significant (p-values higher than 0.10). Zero-order correlations ranged
from 0.08 to 0.12 for the young adult subsample.

Conduct disorder diagnosis in childhood predicted typical quantity of drinking, B =0.16, p =
0.03 and AUD symptoms, B = 0.15, p = 0.03. The remaining 3 predictions were not significant
(p-values higher than 0.19).

Concurrent ASP in Young Adulthood

Antisocial personality disorder comorbidity was examined using dummy coding and after
excluding controls with ASP (n = 4). Compared with controls, probands with ASP had
significantly higher scores for drinking quantity, B = 0.15, p = 0.02, and AUD symptoms, B =
0.18, p = 0.00, while probands without ASP did not, B =—-0.07, p=0.25,and B=-1.17,p =
0.24, respectively. None of the other comparisons were statistically significant at p < 0.05.

The effect of sub grouping the young adult probands into those with, and without, ASP can be
seen in Table 4. In general, there was a consistent pattern of higher drinking scores among
those with concurrent ASP. As expected from the regression results, probands with ASP were
more likely than controls to have an AUD (42.6 vs 22.4% for controls), x2(1) = 4.95, p = 0.03,
but probands without ASP were not (19.7 vs 22.4% for controls), y2(1) = 0.38, p = 0.54.

Age of onset—Attention-deficit/hyperactivity disorder group differences were not found for
age of first drink, Breslow statistic = 0.04, df = 1, p = 0.85, nor for age of first drunkenness,

Breslow statistic = 0.33, df = 1, p = 0.57. Probands and controls recalled similar ages for first
drink (M = 15.43 for probands, M = 15.68 for controls) and for first time drunk (M = 17.57 for
probands, M = 17.76 for controls). We found older ages for these first experiences compared
with the adolescents because more adults than adolescents had consumed alcohol by their first
follow-up interview. Antisocial personality disorder in adulthood was associated with an earlier
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age at first drink, Wald ¥2(1) = 5.71, p = 0.017, and first drunk, Wald ¥2(1) = 6.59, p = 0.010,
compared with controls without ASP; probands without ASP did not report an earlier age at
first drink, y2(1) = 1.84, p = 0.175, nor an earlier age at first drunkenness, y2(1) = 1.39, p =
0.239.

DISCUSSION

We examined adolescent and young adult alcohol involvement in the PALS. We hypothesized
that the association between childhood ADHD and later alcohol use/AUD would be age
specific. This prediction was partially confirmed. Childhood ADHD predicted heavy drinking,
drunkenness, AUD symptoms, and AUD for 15 to 17 year olds but not for 11 to 14 year olds.
For example, 15- to 17-year-old probands, on average, reported consuming 5 or more drinks
of alcohol 17 times in the past year versus an average of only 2 times for same-aged controls.
Given the prognostic implications of such early heavy drinking (Chassin et al., 2002), this level
of consumption is of concern. Childhood ADHD did not predict young adult drinking/AUD
(age 18-25 years), when frequent heavy drinking was typical regardless of ADHD history.
These findings underscore the importance of considering both age and measurement issues
when assessing risk for alcohol involvement in this population. We found the expected
comorbidity at follow-up between antisocial behavior (CD or ASP) and problem drinking for
both adolescents and young adults. For young adults with ASP (28% of the young adult
probands), drinking quantity and AUD were significantly elevated compared with controls.
Predictions to probands’ later drinking/AUD symptoms from childhood conduct problems
were either non-significant (ODD/CD symptoms) or modest (CD diagnosis).

Alcohol Risk for the Adolescents

The findings for the adolescents help to explain the discrepant results across earlier studies of
childhood ADHD and alcohol use. Prior studies have been limited by their measurement of
any alcohol use (Barkley et al., 1990; Hartsough and Lambert, 1987) or diagnosable AUD
(Biederman et al., 1997) for wide age ranges spanning early to late adolescence. Failure to find
group differences in alcohol use that includes experimental drinking is not surprising, given
the typicality of such behavior in the teenage years (Baumrind, 1987; SAMHSA, 2003).
Previous failures to detect ADHD group differences in adolescent AUD (Biederman et al.,
1997; Molina and Pelham, 2003) may be explained by smaller numbers of youth in the age of
highest risk (roughly high school age) in those studies. In the current study, testing the
association in a larger sample of mid-to-late adolescent drinkers allowed a more focused (and
better powered) examination of problem drinking. We also replicated our previous finding that
children with ADHD report more frequent drunkenness as adolescents (Molina & Pelham,
2003), and we extended these findings to include binge drinking (consumption of 5 or more
drinks at a time).

Similar to other studies (August et al., 2006; Barkley et al., 1990; Gittelman et al., 1985),
alcohol use/AUD risk was specific to adolescent probands who also had CD at the time of
follow-up. Moreover, when we added this comorbidity to the analysis, frequency and quantity
of drinking were elevated and ages of first drink and drunkenness were younger for the ADHD/
CD comorbid probands relative to the controls. We reported similar findings in Molina and
Pelham (2003), and also strong associations between delinquent behavior and emerging
substance use among the 11- to 13-year-old children in the Multimodal Treatment of ADHD
study (Molina et al., 2007). A tendency toward deviance in general among drug and alcohol-
using adolescents has been reported for some time (Donovan and Jessor, 1985; Jessor and
Jessor, 1977). Thus, it is not surprising that children with ADHD who reported the most alcohol
use as adolescents are the same ones who also have CD or otherwise antisocial behavior. In
fact, the literature is converging to indicate that a common underlying vulnerability toward
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disinhibited behavior is heritable and leads not only to early drinking but also to antisocial
behavior and abuse of other substances (Kendler and Prescott, 2006; McGue et al., 2001). This
predisposition, seen at young ages in community samples as disinhibited traits or personality
(Caspi et al., 1996; Masse and Tremblay, 1997), eventually blossoms for a subset of youth into
serious behavior problems, early alcohol consumption, and eventually AUD (Moffitt et al.,
2002). Importantly, we do not interpret these findings to mean that childhood ADHD is
unimportant as a risk factor for alcohol abuse, but rather that ADHD is associated with higher
rates of both antisocial behavior and problem drinking that tend to co-occur in adolescents.

In contrast, prospective prediction of the probands’ drinking outcomes from the childhood
conduct problem variables was only modest. Oppositional defiant disorder and CD symptom
ratings did not predict alcohol outcomes at all; childhood CD diagnosis predicted alcohol abuse
and dependence symptoms but not alcohol consumption. Mannuzza et al. (2004) also reported
a failure to predict adolescent substance use disorder from childhood symptoms of ODD and
CD in their longitudinal study of children with ADHD. Oppositional defiant disorder and CD
symptoms in the current sample were not entirely devoid of utility. They predicted CD in
adolescence, they predicted illicit drug use in our earlier adolescent follow-up (Molina &
Pelham, 2003), and even low levels of CD symptoms predicted later CD in the Mannuzza et
al. (2004) study. Thus, there appears to be specificity of association among variables indexing
especially deviant behavior that includes negative social consequences. The failure of these
variables to be more prognostic may be due to other influences that shape individual children’s
trajectories toward later antisociality and alcohol use (e.g., parental supervision and control
affecting persistence or desistance of antisocial behavior (Maughan et al., 2000; Patterson et
al., 1998).

The juxtaposition of the alcoholism (e.g., Sher, 1991; Sher et al., 2005) and ADHD literatures
(Barkley, 2006) provides clues to the AUD risk pathways for our probands beyond a simplistic
discussion of antisocial behavior comorbidity. For example, ADHD vulnerabilities toward
negative peer influences (Marshal et al., 2003), presumably following from the well-
established social difficulties experienced by children (Pelham and Bender, 1982) and
adolescents with ADHD (Bagwell et al., 2001), suggest the potential importance of social
influence processes in ADHD risk for AUD. These appear to be especially problematic for the
same youth who have severe ADHD symptoms as children, and who have also developed other
antisocial behaviors by adolescence (Marshal and Molina, 2006). Academic difficulties which
typify children with ADHD (Barkley, 2006) and that predict alcohol use in adolescence
(Hawkins et al., 1992) are probably important in maintaining an ADHD child’s progression
alongavulnerability pathway. Expectations about the effects of alcohol may operate differently
for youth with and without ADHD (McCrady et al., 2006). Finally, elevated rates of alcoholism
and other forms of distress among the parents of children with ADHD (Biederman et al.,
1992) may indicate both inherited and socialization influences. These and other simultaneously
operating risk processes may explain ADHD vulnerability toward problem alcohol use and are
the subject of other manuscripts in preparation (McCrady et al., 2006).

It will be important to follow these adolescents into adulthood to test whether their elevated
drinking is truly prognostic of later alcohol-related problems—as has been suggested in other
studies of nonADHD samples (Chassin et al., 2002). We are currently following all of the
PALS participants longitudinally and will eventually be able to test this possibility. We will
also study whether heavy drinking among the teenage probands leads to delayed attainment of
social and educational milestones, as has been found in other longitudinal studies of drinking
adolescents (Chassin et al., 2002; Hill et al., 2000). Research has shown that heavy-drinking
adolescents have significantly less positive psychosocial outcomes by age 21, such as less high
school completion, involvement in prosocial activities, and family bonding (Hill et al., 2000).
Given the growing evidence that children with ADHD already have difficulty meeting their
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educational and occupational goals in adulthood (Fischer et al., 2002; Mannuzza et al., 1993),
our findings suggest the possibility that early drinking may partly contribute to these adverse
outcomes for at least some children with ADHD.

Alcohol Risk for Young Adults

Our failure in general to find proband—control differences in AUD by young adulthood
replicates earlier reports (Claude and Firestone, 1995; Fischer et al., 2002). Given others’
findings of group differences in drug use disorder for this age range (Mannuzza et al., 1991,
1993), these results may be due to the typicality of heavy drinking among young adults in the
general population. AUD (abuse or dependence) reaches its peak at 17.7%of 18 to 25 year olds
in the general population, after which it declines substantially, to 6.2% of 26+ year olds
(SAMHSA, 2003). Heavy drinking is also common for this age (Griffin etal., 2000; SAMHSA,
2003). Thus, our failure and that of others to detect overall group differences in early adulthood
AUD and alcohol consumption may be due to this temporary elevation in heavy drinking for
many adults experimenting with newfound independence and celebratory drinking. If there are
overall ADHD group differences in AUD to be found in adulthood, they may not emerge until
the PALS participants as a group are older, and longitudinal data can distinguish individuals
with chronic versus decreasing drinking trajectories, as have been found in other longitudinal
studies of adults (Schulenberg et al., 1996).

When the adult probands with ASP were separated out from the remaining probands, however,
more heavy drinking, AUD symptoms, and AUD diagnoses were found compared with controls
(43 vs 22%). Our rates of AUD were consistent with those recently reported by August and
colleagues (46% for 18-year-old probands with childhood ADHD and ODD or CD in the
interim; 22% for probands without ODD/CD; 28% for controls; August et al., 2006). Thus,
although heavy drinking is commonplace among young adults, it is especially prevalentamong
children with ADHD who have persisting antisociality. Perhaps as expected, diagnosis of CD
in childhood also predicted quantity of alcohol consumption and AUD symptoms. Quite a few
studies, including our data, show elevated risk for ASP among children with ADHD (e.g.,
Mannuzza et al., 1993, 2004; Satterfield and Schell, 1997; but see Lahey et al., 2005 for an
exception). Previous research has shown such youth to be at a particularly elevated risk for
substance dependencies by adulthood (Moffitt et al., 2002) and this includes AUD well beyond
the 18- to 25-year-old age range (Kessler et al., 1997). Consequently, we anticipate the
possibility that this subgroup of probands will continue to experience AUD into middle
adulthood. Presently, we do not know whether another subgroup of drinkers likely to persist
with heavy alcohol involvement exists in the remaining adults. Notably, only a subset of adult
problem drinkers are antisocial (Kessler et al., 1997; Robins and Regier, 1991). As the PALS
adults mature beyond the period of normative heavy drinking, we will be able to test whether
certain characteristics (antisociality, family history of alcoholism, expectations of benefits
from alcohol use, impulsivity, and deficient coping skills) distinguish heavy drinkers who
persist in their habits from those who desist.

Study Limitations

We have implied the possibility of different drinking behavior trajectories over time in
probands versus controls, or in subgroups of probands versus controls. Obviously, the current
data, which are from the first wave of follow-up interviews in the PALS, do not provide direct
evidence of such trajectories. Prospective multi-wave data are needed as evidence of this and
these data are being collected now. Additional limitations may include the generalizability of
our findings to a larger population of children with ADHD. The PALS is a follow-up of clinic-
referred children diagnosed with and treated for ADHD in childhood. It is not known whether
our findings would apply to the larger population identified in epidemiological studies of
children who exhibit symptoms of ADHD and impairment consistent with the disorder. The
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probands recruited into the PALS had an average CD symptom rating (M = 0.43) lower than
the average rating of the probands not recruited for PALS follow-up (M = 0.53). Although
antisociality may be underestimated in the PALS, this difference in a variable scaled from 0
to 3 does not suggest substantial sampling bias. Finally, our sample is primarily male, and our
power to test sex differences is decidedly limited.
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Table 1
Alcohol Involvement in the PALS Sample.
PALS Sample PALS Subgroups
Aggregated Control ADHD
Adolescents (11-17 years old) n=283 n=120 n=163
Ever used alcohol (%) 38.9 40.8 374
Ever been drunk (%) 19.5 175 21.0
Times drank alcohol in the past year, M (SD) 8.1(29.6) 29(7.4) 12.0 (38.1)
Usual number of drinks in the past year, M (SD) 1.3(2.5) 1.2 (2.0) 15(2.8)
Times drank 5+ drinks in the past year, M (SD) 6.5 (28.6) 1.6 (6.7) 10.1 (36.9)
Times drunk in the past year, M (SD) 5.8 (26.8) 1.5(6.2) 8.9 (34.6)
AUD symptom score total, M (SD) 0.7 (2.0) 0.3(0.9) 1.0(2.4)
Lifetime AUD
Lifetime Alcohol Abuse (%) 3.9 0 6.8
Lifetime Alcohol Dependence (%) 1.4 0 25
Young Adults (18-25) n=2313 n=118 n=195
Ever used alcohol (%) 85.3 88.1 83.6
Ever been drunk (%) 71.2 74.6 69.2
Times drank alcohol in the past year, M (SD) 55.4 (74.3) 53.9 (67.5) 57.0(78.2)
Usual number of drinks in the past year, M (SD) 4.2 (3.75) 4.0 (3.05) 43(4.1)
Times drank 5+ drinks in the past year, M (SD) 33.9 (65.15) 29.7 (56.4) 36.4 (69.9)
Times drunk in the past year, M (SD) 24.9 (48.5) 24.8 (48.5) 25.2 (49.5)
AUD symptom score total, M (SD) 2.7 (4.5) 2.6(4.2) 2.7 (4.7)
Lifetime AUD
Lifetime Alcohol Abuse (%) 16.0 18.0 14.6
Lifetime Alcohol Dependence (%) 9.7 8.3 111

For drinking frequency variables, original values were recoded into number of times per year (range = 0-365) for ease of interpretation; original values
were used in statistical comparisons. AUD symptom scores are sums calculated from 11 symptoms (4 abuse, 7 dependence), each with possible scores of
0 (symptom rated as absent), 1 (symptom rated as subthreshold), or 2 (symptom rated as present).

ASP, antisocial personality disorder; PALS, Pittsburgh ADHD Longitudinal Study.
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Table 3
Alcohol Involvement Among 15 to 17-Year-Old Probands and Controls

ADHD Subgroups
ADHD No ADHD With
Control ADHD Concurrent CD Concurrent CD
Adolescents (15-17 years old) n=61 n=94 n=63 n=29
Ever used alcohol (%) 60.7 54.3 39.7 82.8
Ever been drunk (%) 26.2 33.3 21.0 58.6
Times drank alcohol in the past 4.26 (8.60) 19.69 (48.54) 6.09 (19.13) 49.71 (74.73)
year, M (SD)
Usual number of drinks in the past 1.73 (2.16) 2.28(3.21) 1.44 (2.79) 4.19 (3.34)
year, M (SD)
Times drank 5+ drinks in the past 2.13(7.70) 16.94 (47.38) 4,07 (18.01) 4553 (73.74)
year, M (SD)
Times drunk in the past year, M 1.80 (6.91) 14.76 (44.54) 4.37 (18.29) 37.90 (70.58)
(SD)
AUD symptom score total 0.31 (0.92) 1.57 (3.01) 0.60 (1.55) 3.76 (4.21)
Lifetime AUD
Lifetime alcohol abuse (%) 0 9.7 4.8 20.7
Lifetime alcohol dependence 0 4.3 1.6 10.3
(%)

For drinking frequency variables, original values were recoded into number of times per year (range = 0-365) for ease of interpretation; original values
were used in statistical comparisons (regressions). Controls who met diagnostic criteria for CD (N = 2) were excluded.

ASP, antisocial personality disorder; ADHD, attention-deficit/hyperactivity disorder; CD, conduct disorder.
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Alcohol Involvement Among Young Adult Controls and Probands With and Without ASP Comorbidity Control

ADHD Subgroups
Control ADHD No ASP ADHD With ASP
Young Adults (18-25 years old) n=116 n=143 n=>54
Ever used alcohol (%) 87.7 79.4 96.2
Ever been drunk (%) 73.7 63.8 84.9
Times drank alcohol in the past year, M (SD) 52.43 (65.42) 49.37 (72.68) 77.47 (89.02)
Usual number of drinks in the past year, M 3.98 (3.09) 3.72 (3.81) 5.90 (4.52)
(SD)
Times drank 5+ drinks in the past year, M 30.02 (57.07) 29.11 (61.18) 55.91 (86.90)
(SD)
Times drunk in the past year, M (SD) 22.48 (42.15) 18.46 (38.16) 43.08 (68.88)
AUD symptom score total 2.44 (4.06) 1.86 (3.80) 4.96 (6.15)
Lifetime AUD
Lifetime alcohol abuse (%) 16.2 13.3 18.5
Lifetime alcohol dependence (%) 6.8 6.3 24.1

For drinking frequency variables, original values were recoded into number of times per year (range = 0-365) for ease of interpretation; original values
were used in statistical comparisons (regressions). Controls who met diagnostic criteria for ASP (N = 4) were excluded.

ASP, antisocial personality disorder; ADHD, Attention-deficit/hyperactivity disorder.
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