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Abstract

Objective—High rates of Substance Use Disorders (SUD) have been found in samples of
adolescents and adults with Attention Deficit Hyperactivity Disorder (ADHD). Predictors of SUD
among ADHD children who are at risk for the development of SUD remain understudied. The
main aims of this study were to identify clinically meaningful characteristics of children that
predicted the future development of SUD and to see whether the role of these characteristics
varied by sex.

Method—Subjects were children and adolescents with (N=268; mean age + SD = 10.9 + 3.2
years) and without (N=229; mean age 11.9 + 3.3 years) DSM-111-R ADHD followed prospectively
and blindly over a ten-year follow-up period onto young adult years. Subjects were assessed with
structured diagnostic interviews for psychopathology and SUDs.

Results—Over the ten-year follow-up period, ADHD was found to be a significant predictor of
any SUD (Hazards Ratio, (95% Confidence Interval) = 1.47 (1.07, 2.02); p=0.01) and cigarette
smoking (2.38 (1.61, 3.53); p<0.01). Within ADHD, comorbid conduct disorder (2.74 (1.66, 4.52);
p<0.01) and oppositional defiant disorder (2.21 (1.40, 3.51); p<0.01) at baseline were also found
to be significant predictors of SUD. We found similar results for cigarette, alcohol, and drug use
disorders. There were few meaningful sex interaction effects. We did not find any clinically
significant associations for any social or family environment factors nor cognitive functioning
factors (all p values > 0.05).

Conclusions—These results indicate that ADHD is a significant risk factor for the development
of SUD and cigarette smoking in both sexes.
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Introduction

Method
Subjects

Substance use disorders (SUD) are now conceptualized as having their developmental roots
in childhood.1 Early-onset SUD has been associated with significant morbidity in multiple
realms of functioning. Specifically, childhood-onset SUD predicts prolonged duration of
SUD in adulthood,?2 increased severity of SUD3 and reduced efforts to seek treatment. Early
SUD is also associated with elevated rates of academic failure,4 suicidal behaviors, other
dangerous behaviors,5 and high rates of psychiatric comorbidity.6

Psychiatric disorders have been observed in up to 85% of adolescents with SUD.7 One of
the most common overlapping disorders in early-onset SUD is Attention Deficit
Hyperactivity Disorder (ADHD). ADHD onsets in early childhood and affects 6-9% of
juveniles8 and up to 5% of adults.9 Longitudinal data suggest that childhood ADHD persists
into adolescence in 75% of cases10 and into adulthood in approximately one-half of cases.
11

The overlap between ADHD and SUD in adolescents and adults has been an area of
increasing clinical, research, and public health interest. The identification of specific risk
factors of SUD within ADHD may permit more targeted treatments for both disorders at
earlier stages of their expression, potentially reducing the morbidity, disability, and poor
long-term prognosis in adolescents and adults with this comorbidity.12 Prospective studies
of Children with ADHD have provided some evidence that the group with conduct and
bipolar disorders co-occurring with ADHD have the highest risk for developing SUD.12719
However, studies have questioned if conduct disorder mediates the relationship between
ADHD and SUD. 10: 20: 21 For example, Brook et al. recently reported that ADHD was a
risk factor for SUD, but when controlling for conduct disorder, the relationship was no
longer significant.22 Nevertheless, other work has indicated that academic dysfunction,23
cognitive deficits,24 and neurobehavioral disinhibition,25 often observed in ADHD youth,
increase the risk for SUD.

Despite a growing literature related to SUD many of the ADHD based studies are in younger
adolescents and few examine early objective and subjective childhood risk factors within
ADHD, excluding conduct disorder, that are associated with SUD. We previously examined
issues relating to the relationship between ADHD and SUD in a series of retrospective
analyses of adults with ADHD. The main aim of this study was to re-examine the risk
factors for the development of SUDs in children with ADHD beyond that conferred by the
comorbidity with conduct and bipolar disorders. To this end, we used data from longitudinal
studies of two cohorts of boys and girls with and without ADHD who were followed for an
average of 10 years examining predictors, influences, and sex effects on later SUD. We
hypothesized that ADHD will be a risk factor for SUD. Within ADHD, we hypothesized
that persistent ADHD, conduct and mood comorbidity, academic and cognitive dysfunction
will predict later SUD in Children with ADHD of both sexes.

Detailed study methodology has been previously described.26: 27 Subjects were derived
from two identically designed longitudinal case-control family studies of ADHD. These
studies recruited male and female probands aged 6 to 17 years with (N=140 boys, N=140
girls) and without (N=120 boys, N=122 girls) DSM-111-R ADHD from pediatric and
psychiatric clinics. The current sample includes the 10- and 11-year follow-up for the boys
and girls studies, respectively. Of the 140 girls with ADHD and 122 comparison girls
recruited at baseline, 96 (69%) and 91 (75%), respectively, were reassessed at the 11-year
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follow-up. The follow-up rates did not differ between groups.27 Of the 140 boys with
ADHD and 120 comparison boys recruited at baseline, 112 (80%) and 105 (88%),
respectively, were successfully reassessed at the 10-year follow-up and the rate of successful
follow-up did not differ between groups. 26

As described previously we used a three-stage ascertainment of controls and probands
including referral from clinic, a telephone screen, and structured interview.26+ 27 Subjects
with ADHD were derived from two major sources: a health maintenance organization and a
child psychiatry practice. Controls were selected from outpatients who were referred for
routine physical examinations to its pediatric medical clinics. There were no major baseline
differences between either site in terms of severity of ADHD, psychosocial functioning, and
comorbidity.28 Potential subjects were excluded if they had been adopted, their nuclear
family was not available for study, if they had major sensorimotor handicaps, psychosis,
autism, inadequate command of the English language, or a Full Scale 1Q less than 80.
Subjects with ADHD met full DSM-I11-R diagnostic criteria for ADHD at the time of the
clinic referral; at the time of recruitment they all had active symptoms of the disorder.
Parents and adult offspring provided written informed consent to participate, and parents
provided consent for offspring under the age of 18. Children and adolescents provided
written assent to participate. The human research committee at Massachusetts General
Hospital approved the initial assessments as well as all aspects of the follow up of this study.

Follow-up Assessment Procedures

Lifetime psychiatric assessment and SUD at the 10 and 11 year follow-ups relied on the
Schedule for Affective Disorder and Schizophrenia for Children (K-SADS-E)29 for subjects
younger than 18 years of age and the Structured Clinical Interview for the DSM-IV
(SCID)30 31 (supplemented with modules from the KSADS-E to assess childhood
diagnoses) for subjects 18 years of age and older. We conducted interviews with subjects
and indirect interviews with their mothers (i.e., mothers completed the interview about their
offspring). We combined data from direct and indirect interviews by considering a
diagnostic criterion positive if it was endorsed in either interview.

Board-certified child and adult psychiatrists who were blind to the subject’s ADHD status,
referral source, and all other data resolved diagnostic uncertainties. All potential diagnoses
of SUD were reviewed. To assess the reliability of our overall diagnostic procedures, we
computed kappa coefficients of agreement by having experienced, blinded, board-certified
child and adult psychiatrists diagnose subjects from audiotaped interviews made by the
assessment staff. Based on 500 assessments from interviews of children and adults, the
median kappa coefficient was 0.98. Kappa coefficients for individual diagnoses included:
major depression (1.0), mania (0.95), ADHD (0.88), conduct disorder (CD; 1.0),
oppositional defiant disorder (ODD; 0.90), antisocial personality disorder (ASPD; 0.80), and
SUD (1.0).

Interviewers assessed the degree of impairment on daily functioning associated with each
disorder that subjects endorsed on a three-level ordinal scale: minimal, moderate, or severe.
Because the diagnosis of mood disorders in youth is controversial, we analyzed major
depression only if the depressive episode was associated with severe impairment, in order to
avoid false positive diagnoses.32 As there is not a similar precedent for SUD or bipolar
disorder, we adopted a less stringent approach and made the diagnoses only when associated
with at least moderate impairment.

SUD and cigarette smoking were diagnosed on the basis of DSM-1V criteria using the
KSADS-E and SCID. To meet a positive diagnosis of cigarette smoking, subjects under 18
needed to endorse any amount of smoking daily, whereas subjects over 18 needed to endorse
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smoking at least a pack of cigarettes per day. If either parent endorsed full criteria for a
psychiatric disorder or SUD during his/her SCID, then the family history of the proband was
considered positive.

Socioeconomic status (SES) was measured using the 5-point Hollingshead scale.33 Social
functioning was assessed using the Social Adjustment Inventory for Children and
Adolescents (SAICA), 34 a semi-structured interview administered to the child or parent.
Family environment was assessed by the Family environment scale (FES), 35 a series of true
or false statements administered following the structured interview.

Statistical Analysis

Results

We compared the baseline characteristics of subjects using t-tests for continuous outcomes,
the Wilcoxon rank-sum tests for SES, and Pearson y?2 tests for binary outcomes. We
examined whether ADHD was a risk factor for each outcome using Cox proportional
hazards, adjusting for SES, and parental history of SUD. Subjects who reported an onset of
substance abuse/dependence (N=15), alcohol abuse/dependence (N=10), drug abuse/
dependence (N=11), or cigarette smoking (N=16) at baseline were excluded from the
analysis for each respective outcome. These analyses were repeated without subjects with
CD at baseline. We also repeated the aforementioned analyses to assess the risk of
developing both an alcohol and drug use disorder.

We used Cox models to assess the SUD risk associated with predictors within ADHD,
adjusting for SES, and parental history of SUD. To reduce the number of statistical tests, we
condensed the SAICA (we totaled the values of the 12 questions) and the FES (we
standardized each scale, reversed the conflict scale to be in agreement with the other scales
and totaled all three scales). If the collapsed totals were significant, we ran a second model
examining the scale in detail. We derived proxies of DSM-1V subtypes from our DSM-I1I —
R baseline interviews based on our previous work.36 For the proxies of ADHD subtype
(hyperactive/impulsive, inattentive, combined), we primarily conducted an overall model
and if this model was significant, we ran secondary analyses to compare the potential risks
of each subtype. Due to small sample sizes and the transition from bipolar disorder to
depression, we combined major depressive disorder and bipolar disorder into one category
(mood disorders) if either diagnosis was positive.

Adjusting for age and SES, we used linear regression to assess the duration of SUD and
logistic regression to assess the transition from abuse to dependence, the severity of SUD
(moderate vs. severe), the endorsement of a type of drug, and persistent ADHD at the 10-
year follow-up (subject reported full or substhreshold ADHD within the past 30 days).

Throughout, we assessed whether gender may predispose subjects to a different SUD risk
profile. We included the sex-by-ADHD status interaction term when we studied the risk of
SUD for ADHD and control subjects and the sex-by-predictor interaction term when we
examined the risk among only Subjects with ADHD. At any point, if the interaction term
was not significant, we collapsed across sex categories and if it was significant, we
estimated the risk of SUD within strata of sex. The diagnoses of each outcome were defined
as any positive response at any assessment. All tests were two-tailed, and our alpha level
was set at 0.05. We calculated all statistics using STATA, version 10.0. Data are expressed
as mean + standard deviation (SD) unless otherwise specified.

Overall, there were 497 probands available for study (268 cases of ADHD; mean baseline
age + SD: 10.91 £ 3.17 years) and 229 controls (mean baseline age = SD: 11.88 + 3.29
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years). To test our first hypothesis, we stratified our subjects by the presence or absence of
ADHD. We found that Subjects with ADHD without any SUD at baseline (N=257) were
significantly younger at baseline, had a significantly lower socio-economic status, and were
more likely to have a parental history of an alcohol use and/or drug use disorder compared
to controls (N=225; Table 1). We did not find any differences between sexes or parental
history of smoking (all p values > 0.05).

At follow-up, among the subjects who were free of SUD at baseline (N=482), 25% (N=56)
of controls and 32% (N=81) of Subjects with ADHD reported a substance use disorder; 22%
(N=49) of controls and 27% (N=69) of Subjects with ADHD reported an alcohol use
disorder; 10% (N=22) controls and 20 % (N=52) of Subjects with ADHD had a drug use
disorder; and 12% (N=26) of controls and 27% (N=70) of Subjects with ADHD reported
cigarette smoking.

Does ADHD predict SUD?

The coefficient examining the interaction between ADHD status and sex on the risk of SUD,
adjusting for SES and parental history of SUD, was not significant (all p values > 0.05) and
was removed from future analyses. We found that ADHD at baseline significantly predicted
the development of any SUD with SES, sex, and parental SUD history in the model (Figure
1, p=0.02). Subjects with ADHD were 1.47 times more likely to develop a SUD compared
to controls (95% Confidence Interval (CI): 1.07, 2.02). We found similar findings for
alcohol use disorders (Hazard Ratio (HR): 1.51; 95% CI: 1.08, 2.13; p=0.02), drug use
disorders (HR: 2.74; 95% ClI: 1.73, 4.35; p<0.01) and cigarette smoking (HR: 2.38; 95% CI:
1.66, 3.63; p<0.01).

We repeated this analysis after removing subjects who reported lifetime history of conduct
disorder at baseline. The interaction term between ADHD status and sex was not significant
(all p values > 0.05) and was thus removed. We found that ADHD continued to be a
significant risk factor for only any drug use disorders (HR: 2.54; 95% CI: 1.55; 4.17;
p<0.01) and cigarette smoking (HR: 2.06; 95% CI: 1.36, 3.20; p<0.01). We did not find a
significant association for overall substance use disorder (95% CI: 0.93, 1.83; p=0.13) or
alcohol use disorders (95% CI: 0.94, 1.96; p=0.10).

We did not find a significant effect for the interaction between ADHD status and sex on
SUD onset, alcohol use onset, or drug use onset (all p values > 0.05) and the term was
subsequently removed. Subjects with ADHD had an earlier onset of SUD compared to
controls (16.24 + 2.64 years and 17.29 + 2.69 years, respectively; beta=—1.04; 95% ClI:
—1.87, —0.21; p=0.02). For alcohol use disorders, we did not find a significant difference in
onsets across ADHD status (beta: —0.68; 95% CI: —1.60, 0.23; p=0.14). For drug use, we
found a significant difference in onset with Subjects with ADHD having an earlier onset
than controls (16.02 + 2.16 years and 17.12 + 2.32 years, respectively; beta=—1.10; 95% ClI:
—2.11, —0.08; p=0.04). For cigarette smoking, there was a significant interaction between
ADHD status and sex; therefore, we present the results within strata of sex. Among males,
we found a significant difference in cigarette smoking onset, with Male subjects with
ADHD having an earlier onset than male control subjects (14.62 + 2.52 years and 17.32 £
2.70 years, respectively; t=4.13; p=0.0001). Among females, we did not find a significant
difference in onsets by ADHD status (ADHD: 14.47 + 2.11 years and Control: 15.07 + 3.10
years, respectively; t=0.78; p=0.44).

What predicts SUD in ADHD youth?

For comorbid disorders, no interaction term was significant (all p values > 0.05). Among
Subjects with ADHD, comorbid oppositional defiant disorder and CD were significant

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilens et al.

Page 6

predictors of SUD (or drug/alcohol/cigarette) while adjusting for sex and parental history of
SUD (HR: 2.21, 95% ClI: 1.40, 3.51; p<0.01; HR: 2.74, 95% CI: 1.66, 4.52; p<0.01,
respectively; Table 2, Figure 2). We also found that for drug use disorders, comorbid mood
disorder was a significant predictor (HR: 2.02; 95% ClI: 1.22, 3.35; p<0.01).

Family and School Environment—With the exception of a single significant
interaction term (extra help-by-sex; z=—2.19, p=0.03) for any SUD, no other interaction
effects were observed (all p values > 0.05). Extra help for boys (N=55; %) was shown to be
protective against the development of any SUD (HR: 0.55; 95% CI: 0.32, 0.94; p=0.03);
however, we did not find this significant association specifically for alcohol use disorders,
drug use disorders, or cigarette smoking. We also found that those who repeated a grade
were less likely to develop any drug use disorder (HR: 0.40; 95% CI: 0.20, 0.81; p=0.01).
We found no other significant interaction terms for social or family environment factors or
cognitive or any other school functioning factors.

We found a significant effect for parental history of smoking and cigarette smoking in
young adults (HR: 3.74; 95% CI: 1.31, 10.68; p=0.01) while adjusting for sex. We did not
find a significant effect of parental history of SUD on the development of SUD (HR: 1.09;
95% CI: 0.73, 1.66; p=0.22), alcohol use disorders (HR: 1.32; 95% CI: 0.85, 2.05; p=0.78),
or drug use disorders (HR: 0.76; 95% ClI: 0.41, 1.41; p=0.39). We found a significant effect
of parental history of ADHD and alcohol use disorders (HR: 0.51; 95% CI: 0.29, 0.89;
p=0.02) while adjusting for sex. We however did not find a significant effect of parental
history of ADHD on the development of SUD (HR: 0.66; 95% CI: 0.40, 1.08; p=0.10), drug
use disorders (HR: 0.72; 95% CI: 0.40, 1.29; p=0.27), or cigarette smoking (HR: 0.86; 95%
Cl: 0.52, 1.41; p=0.55).

Treatment—As previously reported 26: 27 we examined lifetime treatment reported at
baseline: any medication (medication only, medication + therapy) vs. other types of
treatment (therapy only, hospitalization, no treatment). There was not a significant
interaction term between treatment and sex (p value > 0.05). Among Subjects with ADHD,
any medication was not significantly associated with subsequent SUD (or alcohol/drug/
cigarette) while adjusting for sex, SES, and parental history of SUD (HR: 0.83, 95% CI:
0.51, 1.35; p=0.45; HR: 0.85, 95% ClI: 0.50, 1.45, p=0.56; HR: 0.70, 95% CI: 0.40, 1.25;
p=0.23; HR: 1.12, 95% ClI: 0.66, 1.91; p=0.67, respectively).

Persistent ADHD at the 10 year follow-up—*For persistent ADHD (reported full or
subthreshold ADHD within the past month) at the 10 year follow-up, we did not find a
significant interaction between persistent ADHD and sex (all p values >0.05). Among
Subjects with ADHD at the 10 year follow-up, we found that subjects with persistent ADHD
were almost 3 times more likely to also be diagnosed with any SUD (alcohol/drug/cigarette)
while adjusting for sex, SES, and parental history of SUD (OR: 2.83, 95% CI: 1.65, 4.87,
p<0.001; OR: 2.66, 95% CI: 1.53, 4.62, p=0.001; OR: 2.01, 95% CI:1.12, 3.60, p=0.02; OR:
1.91, 95% ClI: 1.11, 3.30, p=0.02).

ADHD Subtype—We found no significant interaction terms between the ADHD subtypes
and sex (all p values> 0.05). Among Subjects with ADHD, subtype (inattentive,
hyperactive/impulsive, combined) reported at baseline was not a significant predictor of
subsequent SUD (alcohol/drug/cigarette) while adjusting for sex, SES, and parental history
of SUD (HR: 1.11, 95% CI: 0.84, 1.46; p=0.47; HR: 1.10, 95% CI: 0.82, 1.47, p=0.53; HR:
1.01, 95% ClI: 0.73, 1.38; p=0.96; HR: 1.13, 95% CI: 0.85, 1.50; p=0.41, respectively).

We also examined substance use development using the total number of symptoms reported
at baseline. We found no significant interaction terms between symptom count and sex (all p
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values>0.05). Among Subjects with ADHD, neither the inattentive symptom count nor the
hyperactive/impulsive symptom count were predictive of subsequent SUD (alcohol/drug/
cigarette) while adjusting for sex, SES, and parental history of SUD (inattentive: HR: 0.96,
95% ClI: 0.81, 1.15; p=0.69, hyperactive/impulsive: HR: 1.04, 95% ClI: 0.92, 1.17, p=0.56;
inattentive: HR: 0.98, 95% CI: 0.82, 1.19, p=0.91, hyperactive/impulsive: HR: 1.02, 95%
Cl: 0.89, 1.15, p=0.82; inattentive: HR: 0.99, 95% CI: 0.80, 1.24; p=0.96, hyperactive/
impulsive: HR: 1.02, 95% CI: 0.88, 1.19, p=0.74; inattentive: HR: 1.12, 95% CI: 0.91, 1.38;
p=0.27, hyperactive/impulsive: HR: 1.04, 95% ClI: 0.92, 1.19, p=0.52, respectively).

Presentation of SUD

Development of Both Alcohol and Drug Use Disorders—Among probands who did
not have neither an alcohol nor a drug use disorder at baseline (N=482), 20% (N=51) of
Subjects with ADHD (N=257) and 3% (N=17) of control subjects (N=225) developed both
an alcohol and drug use disorder. The coefficient examining the interaction between ADHD
status and sex, adjusting for the covariates of SES and parental history of SUD, was
significant (z=2.73, p<0.01) and we present the results stratified by sex. Among females,
those with ADHD at baseline were 3.49 times more likely to develop both an alcohol and
drug use disorder compared to controls (95% CI: 1.27, 9.62, z=2.42, p=0.02). Among males,
those with ADHD were 3.10 times more likely to develop both an alcohol and drug use
disorder compared to controls (95% CI: 1.55, 6.20, z=3.21, p<0.01).

We repeated this analysis after removing subjects who reported lifetime history of conduct
disorder at baseline. The interaction term between ADHD status and sex was not significant
(z=1.71, p=0.09) and was thus removed. We found that ADHD continued to be a significant
risk factor for the combination of an alcohol use and drug use disorder (HR: 3.34, 95 CI:
1.80, 6.20, p<0.01).

Transitions from Substance Abuse and Substance Dependence—~For the
transition from substance abuse to dependence, there was no interaction between sex and
ADHD status (both p values>0.05); therefore, the interaction term was removed from both
analyses. While controlling for age and SES, we did not find a significant difference in
transition time for alcohol or drug abuse to dependence between Subjects with ADHD and
controls (all p values >0.05).

Duration—Adjusting for age, sex, parental history, and SES, the coefficient examining the
interaction between ADHD status and sex was not associated with the duration of SUD (all
p values >0.05) and was thus removed. For alcohol use disorders, drug use disorders, and
smoking, ADHD was not associated with the duration of subsequent SUD (t=0.14, p=0.89;
t=1.80, 0.08; t=1.05, p=0.30; respectively).

Severity—The interaction term between ADHD and sex was not significant for any SUD,
any alcohol use disorder nor for any drug use disorder (all p values >0.05); therefore, it was
dropped from all analyses and we collapsed across sex status. We did not find a significant
difference in impairment across ADHD status for any SUD (OR: 1.86; 95% CI: 0.94, 3.69;
p=0.07), alcohol use disorders (OR: 1.39; 95% CI: 0.61, 3.17; p=0.43) or drug use disorders,
(OR: 1.94; 95% ClI: 0.75, 5.04; p=0.17).

Specific Drug—Because marijuana was the substance most endorsed for abuse (N=52)
and for dependence (N=35), we collapsed all other drugs into one category. For abuse,
people also endorsed hallucinogens (N=11), stimulants (N=8), sedatives (N=7), cocaine
(N=6), ecstasy (N=4), and others including opioids, hash, and steroids (N=8). For
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dependence, people also endorsed cocaine (N=9), stimulants (N=4), sedatives (N=3), opiods
(N=2) and others including hash, hallucinogens, and ecstasy (N=4).

For the endorsement of abuse and dependence, we did not find a significant interaction
between ADHD and sex (both p values >.05). As a result, the interaction term was dropped
from both analyses. We did not find any difference in the endorsement of marijuana versus
other drugs across ADHD status for substance abuse (OR: 0.43; 95% CI: 0.16, 1.17; p=0.10)
or substance dependence (OR: 0.25, 95% CI: 0.05, 1.26; p=0.09).

Discussion

The results of this follow-up (average 10 years) study of two cohorts of children to examine
early predictors for later SUD partially support our hypotheses. Our results support the
hypothesis that ADHD is a risk for later SUD and the major predictive importance of early
CD on subsequent SUD in ADHD youth. However, we failed to demonstrate significant
associations between familiality, baseline cognitive, non-CD psychiatric, treatment, subtype,
or academic dysfunction and later SUD in our ADHD youth. Persistent ADHD was
associated with later SUD. These longitudinal findings support and add to the literature the
importance of ADHD as a risk factor for later cigarette smoking, drug, and alcohol use
disorders.

Our findings support the hypothesis that ADHD itself is a risk for subsequent SUD. In our
sample, ADHD was associated with both an earlier onset and a higher risk for SUD. These
data support previous retrospective findings in adults with ADHD37 and prospective child
studies.12: 14718 For example, in 5- and 8-year follow-up studies, more alcohol use was
shown among hyperactive and largely conduct disordered ADHD adolescents compared to
non-ADHD controls.18 Molina et al.14 reported that comorbid disruptive symptoms and the
severity of ADHD were associated specifically with increased SUD risk. Our data also show
that when controlling for CD, ADHD continued to be significantly associated with SUD.

Our findings showing that CD with or without ADHD is a risk factor for SUD are well
supported in the literature. For instance, Brook et al.5 and Crowley et al.38 have shown that
independent of ADHD status, CD in children remains a major risk factor for subsequent
SUD. Likewise, Mannuzza et al.12 have shown the importance of CD in ADHD and later
SUD throughout adolescence and into adulthood. As part of the NY longitudinal study,
Lampert and colleagues showed that delinquency in ADHD was related to SUD.39 Molina
et al,17 as part of the multimodal treatment of ADHD three-year follow-up study reported
that delinquent behavior in ADHD resulted in an increased risk for substance use. These
aggregate studies are particularly noteworthy in that CD can be diagnosed early in life. In
our sample, 30% of our Children with ADHD at their baseline assessment already
manifested CD that subsequently increased their risk for SUD by almost three fold.

In the current data, we found that mood disorders predicted drug use disorders, but not
overall SUD, alcohol use disorders, or cigarette smoking. These findings partially support
our previous work in ADHD and controls in which major depression was not associated
with SUD; yet, bipolar disorder was associated with SUD.13: 37+ 40 Unlike our previous
report that found a significant association between bipolar and SUD through the five-year
follow-up of boys with ADHD, 13 the current analysis used baseline data on combined mood
disorders (due to our small sample size of bipolar subjects (N=26)) to predict later SUD.
Emerging data strongly support the role of early bipolar disorder in later SUD41.

Contrary to our hypothesis, we also failed to find significant associations between indices of
academic underachievement or cognitive dysfunction and later SUD in our ADHD group.
These findings are at odds with an older literature indicating the importance of academic
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achievement and later substance use.23 Likewise, some studies have shown that adults with
SUD manifest cognitive dysfunction at higher rates than those without SUD;42' 43 however,
the directionality of causality remains unclear. Our findings are consistent with other studies
that largely show cognitive deficits to be directly related to the pernicious effects of SUD.
For instance, a number of studies have shown impaired cognitive or neuropsychological
functioning in individuals with ongoing SUD; these deficits normalized with the cessation of
SUD,43' 44 suggesting that these subjects had normal executive functioning prior to the
effects of the substances of abuse. Moreover, we have recently shown that
neuropsychologically defined executive functioning deficits in midadolescence do not
predict SUD five years later.45 While the discrepancies between our findings and those
above are not clear, it may be that our classification of academic and cognitive functioning
may not have been sensitive enough to examine more subtle effects on later SUD.
Alternatively, it may be that ADHD itself creates a risk factor for SUD that exceeds that of
further academic and cognitive dysfunction (ceiling effect) or that neuropsychological/
executive functioning deficits are not causal, but more a result of SUD.

We did not find that the subtype of ADHD nor ADHD symptom count predicted later SUD.
However, we did find that the persistence of ADHD (e.g. presence of ADHD at 10 year
follow-up) was associated with a robust 3 fold increased risk for SUD. Our findings are
similar to Molina et al 14, who as part of a longitudinal study reported that persistent ADHD
was associated with later SUD. We failed to find that medication (largely stimulant) or
psychotherapy at baseline predicated SUD at the 10 year follow-up. These findings from this
combined sample of males and females with ADHD extend previous findings in the 10 year
sample of males 46 in which we reported no increase or decrease in SUD associated with
stimulant treatment.16 As we previously speculated, the lack of protective effects of
treatment on later SUD previously reported in mid adolescence 47: 48 may be related to the
sample maturing through the age of risk for SUD, the inconsistent use of treatment (as
evidenced by ADHD symptoms at follow-up related to SUD), offspring individuation and
loss of parental monitoring, familial link of ADHD and SUD 49, or the combination. Further
studies examining the developmental influence of treatment, treatment persistence and
adequacy on later SUD is necessary.

As we have reported previously,49 we found higher rates of SUD in our ADHD families.
However, among children with ADHD, family history of SUD was not a predictor of
subsequent SUD. While a rich literature has demonstrated the familial nature of SUD,50 and
that familial SUD is associated with early onset SUD in offspring,51753 the current findings
showed no effects of familial SUD on the development of SUD within ADHD. Although the
reasons for this finding remain unclear, it may be that in our middle class sample, parents
with SUD histories were sensitive to substance use and monitored emergent SUDs in their
offspring. It may also be that ADHD and related comorbidity created a ceiling effect for the
development of SUD, limiting the additive effects of family history. Alternatively, it may be
that while providing follow-up of 10 to 11 years, our group of ADHD at a mean age of
20.38 £ 4.55 years is still not fully through the age of risk for SUD in ADHD.37

We also found that familial ADHD did not increase the risk for subsequent SUD. In fact, we
found familial ADHD offered a protective effect against subsequent alcohol use disorder in
our ADHD youth. Our findings are noteworthy given that we have previously shown that
ADHD is linked to SUD in families.49 Our findings may be related to ADHD parents being
attentive to the diagnosis and treatment of ADHD (and SUD) in their offspring. For
instance, in these samples at 4- to 5-year follow-up, we have previously shown that
treatment of ADHD may reduce or delay the onset of both cigarette smoking54 and SUD54
in adolescence. The aggregate family findings are reassuring in that neither ADHD nor SUD
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in a family member consistently increase the risk for SUD, although in the current study, we
only examined baseline predictors of subsequent SUD.

Results from the current data have important clinical relevance when assessing subsequent
SUD risk in children with a mean age of 11 years. For instance, children with ADHD, and in
particular, those with comorbid CD, require enhanced monitoring for SUD and its
antecedents. Family histories of either ADHD or SUD do not increase the risk for
subsequent SUD. Similarly, ADHD subtype, social, cognitive, and academic dysfunction in
Children with ADHD do not appear to further increase the risk for SUD. While early
treatment of ADHD does not increase or decrease later SUD, persistent ADHD is associated
with a substantially increased risk for SUD. Education for families of children with ADHD
can help focus surveillance and early intervention that may reduce the subsequent
development of SUD.

There are a number of methodological limitations to the current study. We utilized self and
parent reports by structured interview for SUD instead of objective testing. We have
previously shown that structured interview reports appear more sensitive and specific for
establishing SUD in this population compared to urine toxicological testing.55 We may have
missed important interval events as we were focused on examining baseline and subsequent
SUD at the 10- to 11-year follow-up. Future studies should examine both moderators and
mediators of subsequent SUD. Our sample of subjects with SUDs was relatively small,
thereby limiting our power for sub-analyses and ability to adequately control for
confounders. We chose not to control for multiple comparisons. Using the Bonferroni
adjustment alters the statistical inference of a study from the testing of a number of specific
hypotheses to a test of the universal null hypotheses.56: 57 This method increases the Type
Il error rate56' 57 and raises the issue of the amount of tests to be included in the
adjustment.56 Our ADHD sample available for follow-up was largely middle class and
Caucasian, thus limiting the generalization. Our sample at follow-up may not have been
through the full age of risk for SUD.

Despite these limitations, our findings replicate previous work, highlighting that childhood
ADHD is a risk factor for SUD, and CD within ADHD continues to be a very important
determinant of subsequent SUD. Future studies examining the pathway to SUD in this age
group and older samples are necessary to shed more light on potential mechanisms of SUD
development in ADHD.
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Figure 1.

Does Attention-Deficit/Hyperactivity Disorder (ADHD) Predict Substance Use Disorders
and Cigarette Smoking? (N=497). Note: ADHD at baseline significantly predicted the
development of any substance use disorders (SUD) while controlling for socioeconomic
status (SES), sex, and parental history of any SUD (p=0.02), any alcohol use disorders
(p=0.02), any drug use disorders (p<0.01), and cigarette smoking (p<0.01). Adjusted for
SES and parental history of SUD. *=p<0.05
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Figure 2.

Predictors of Substance Use Disorders (SUD) Among Young Adults with Attention-Deficit/
Hyperactivity Disorder (ADHD) (N=257). Note: Comorbid oppositional defiant disorder
and conduct disorder were significant predictors of any SUD while adjusting for sex and
parental history of SUD (p<0.01; p<0.01, respectively). Sex predisposed subjects to a
different risk profile for extra help (z=—2.19, p=0.03; all other p values > 0.05); extra help
for boys was shown to be protective against the development of any SUD (p=0.03). SAICA
= Social Adjustment Inventory for Children and Adolescents; WRAT Arithmetic S.S. =
Wide Range Achievement Test Arithmetic Scaled Score. *=p<0.05
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Demographics of Those Who Did Not Have Any Substance Use Disorders at Baseline (N=482)

Table 1

Demographic Features Control ADHD Test statistic | p-value
(N=225) (N=257)
Mean = SD Mean + SD
Baseline Age 11.79+3.24 | 10.70£3.04 | t(g0) =3.82 <0.001
Age at Follow-up 21.96+3.86 | 20.19+4.39 | tgy) =470 <0.001
SES 1.58 £0.76 1.90 +0.96 z=—-3.73 <0.01
N (%) N (%)
Gender (% male) 112 (50) 133 (52) X2(1)=0-19 0.67
Parental History of Alcohol Use Disorders 64 (28) 117 (46) X2(1)=14-93 <0.01
Parental History of Drug Use Disorders 37 (16) 71 (28) X2(1)=5-63 <0.01
Parental History of Smoking 68 (30) 86 (33) X2(1)20.58 0.45

Note: SES = socioeconomic status.

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2012 June 1.

Page 17



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Wilens et al.

Baseline Predictors Among Subjects With Attention-Deficit/Hyperactivity Disorder (ADHD) With and

Table 2

Without Subsequent Substance Use Disorders (SUD) (N=257)

Substance Use

Substance Use

Disorder + Disorder —
N=93 N=164
| N (%) | N (%)
Mood Disorders | 48 (52) | 69 (42)
Anxiety Disorders | 22 (24) | 37 (23)
Oppositional Defiant Disorder | 62 (68) | 68 (41)
Conduct Disorder | 22 (24) | 12 (7)
Extra Help (Male; N=133) | N=56: 26 (46) | N=77; 49 (64)
Extra Help (Female; N=124) | N=37; 29 (78) | N=87; 51(59)
Treatment: Medication | 71 (76) | 126 (77)
ADHD Persistence (at 10 year follow-up) | 60 (65) | 65 (40)
ADHD Subtype®
Inattentive 13 (14) 36 (22)
Hyperactive/Impulsive 8(9) 8 (5)
Combined 68 (73) 112 (68)
| Mean = SD | Mean + SD

Social Adjustment Inventory for Children and Adolescents (SAICA) | 20.73+£7.08 | 19.84 + 6.87

Family Environment Scale (FES)

| 0.02 % 0.80 | 0.05 + 0.69

Full 1IQ

| 108.83 +12.33 | 105.72 + 13.76

Digit Span

| 9.41+284 | 8.67 +3.10

WRAT Arithmetic Scaled Score

| 97.82+ 14.71 | 95.10 + 15.84

Lifetime Sum Inattentive Symptoms

| 5.74 £2.04 | 6.14 £ 2.04

Lifetime Sum Hyperactive/lImpulsive Symptoms

| 6.00 + 1.89 | 5.9+ 183

Note: WRAT = Wide Range Achievement Test

a2 subjects with any SUD did not have a subtype; 8 subjects without any SUD did not have a subtype
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