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Objective: A robust and bidirectional co-
morbidity between attention deficit hy-
peractivity disorder (ADHD) and psycho-
active substance use disorder (alcohol or
drug abuse or dependence) has been con-
sistently reported in the extant literature.

Method: First-degree relatives from a
large group of pediatrically and psychiat-
rically referred boys with (112 probands,
385 relatives) and without (105 probands,
358 relatives) ADHD were comprehen-
sively assessed by blind raters with struc-
tured diagnostic interviews. Familial risk
analysis examined the risks in first-degree
relatives for ADHD, psychoactive sub-
stance use disorder, alcohol dependence,
and drug dependence after stratifying
probands by the presence and absence of
these disorders.

Results: ADHD in the proband was con-
sistently associated with a significant risk
for ADHD in relatives. Drug dependence
in probands increased the risk for drug
dependence in relatives irrespective of

Disorders

ADHD status, whereas alcohol depen-
dence in relatives was predicted only by
ADHD probands with comorbid alcohol
dependence. In addition, ADHD in the
proband predicted drug dependence in
relatives, and drug dependence in com-
parison probands increased the risk for
ADHD in relatives. Both alcohol depen-
dence and drug dependence bred true in
families without evidence for a common
risk between these disorders.

Conclusions: Patterns of familial risk
analysis suggest that the association be-
tween ADHD and drug dependence is
most consistent with the hypothesis of
variable expressivity of a common risk be-
tween these disorders, whereas the asso-
ciation between ADHD and alcohol de-
pendence is most consistent with the
hypothesis of independent transmission
of these disorders. Findings also suggest
specificity for the transmission of alcohol
and drug dependence.

(Am ] Psychiatry 2008; 165:107-115)

’I:w co-occurrence of attention deficit hyperactivity
disorder (ADHD) and psychoactive substance use disorder
(alcohol or drug abuse or dependence) has been reported
in a variety of clinical and research settings (1-3). Follow-
up studies have documented a higher than expected risk
for psychoactive substance use disorder in adults who had
ADHD as children (4, 5). Studies of referred and nonre-
ferred adults with ADHD have also documented a high risk
for psychoactive substance use disorder (6, 7). Most re-
cently, Kessler and colleagues (8) reported results from the
National Comorbidity Survey indicating that adults with
ADHD were at significantly higher risk for any substance
use disorder and particularly drug dependence compared
to respondents without ADHD.

Excess rates of ADHD have also been seen in adoles-
cents and adults with psychoactive substance use disor-
der. DeMilio (9) reported that 25% of inpatient adoles-
cents with psychoactive substance use disorder had
ADHD. Results from the Methods for the Epidemiology of
Child and Adolescent Mental Disorders (MECA) study (10)

revealed that increased substance use was associated with
disruptive behavior among children and adolescents.

The available literature shows that adolescent and adult
offspring of parents with psychoactive substance use dis-
order are at increased risk for the disorder as well as abnor-
mal cognitive and behavioral traits suggestive of ADHD as
well as elevated rates of ADHD compared with children of
comparison parents (11-13). Wilens et al. (14) reported
that 23% of children of opioid-dependent parents had
scores on the attention problems subscale of the Child Be-
havior Checklist that were highly suggestive of ADHD.

The link between ADHD and psychoactive substance
use disorder has also been seen in family members of chil-
dren with ADHD. Morrison and Stewart (15) and Cantwell
(16) reported elevated rates of alcoholism in parents and
second-degree relatives of children with ADHD. Similar
findings have been seen in two large double-blind family
genetic studies of ADHD that showed higher rates of psy-
choactive substance use disorder in the relatives of boys
(17) and girls (18) with ADHD.

This article is the subject of a CME course (p. 159), is featured in this month’s AJP Audio, and is discussed in an editorial by Dr. Adler on p. 11.
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Despite the contribution of this literature suggesting a
familial association between ADHD and psychoactive
substance use disorder, several uncertainties remain.
Many studies did not specifically examine the diagnosis of
ADHD, did not use contemporaneous diagnostic criteria,
did not adequately attend to the heterogeneity of psycho-
active substance use disorder, and did not attempt to dis-
entangle the type of familial association that may be oper-
ant between psychoactive substance use disorder and its
subtypes with ADHD.

In one of the few studies of its kind, Milberger et al. (19) re-
ported results from a familial risk analysis of a longitudinal
sample of boys with and without ADHD followed into their
adolescent years. Although the results were suggestive of in-
dependent transmission of ADHD and psychoactive sub-
stance use disorder, variable expressivity could not be ruled
out. However, because the probands in this analysis were
adolescents and they were still transiting through the period
of risk for psychoactive substance use disorder, these find-
ings require replication in older samples.

To this end, we reexamined patterns of familial associa-
tion between ADHD and psychoactive substance use dis-
order in the same group that we previously studied in ad-
olescence (19) at the 10-year follow-up into young adult
years with added attention to subtypes of psychoactive
substance use disorder. We conducted familial risk analy-
ses based on models proposed by Pauls et al. (20), testing
hypotheses about the familial relationship between
ADHD and psychoactive substance use disorder. Specifi-
cally, we tested three competing hypotheses: 1) ADHD and
addiction to drugs and alcohol are etiologically indepen-
dent, 2) ADHD and addiction to drugs and alcohol repre-
sent a distinct familial subtype, and 3) ADHD and addic-
tion to drugs and alcohol share common familial etiologic
factors (variable expressivity hypothesis).

Method

Subjects

Subjects were derived from a longitudinal case-control family
study of ADHD (18, 21, 22). At baseline, we ascertained Caucasian
boys ages 6-17 years with (N=140) and without (N=120) DSM-III-R
ADHD from pediatric and psychiatric clinics. Previously, this
group was followed up at 1 year and 4 years after baseline. The
present study reports on the 10-year follow-up of this group, in
which 112 ADHD and 105 comparison probands were success-
fully reascertained. First-degree relatives of these probands in-
cluded mothers (N=217), fathers (N=216), and siblings (N=310).
The parents were assessed at baseline only (because they had
passed the age of risk for most psychopathology), whereas the
siblings were assessed at baseline (N=243), a 1-year follow-up (N=
251), a 4-year follow-up (N=272), and a 10-year follow-up (N=
296). At baseline, the 1-year follow-up, and the 4-year follow-up,
diagnostic assessments of ADHD were based on the Schedule for
Affective Disorders and Schizophrenia for School-Age Children:
Epidemiologic Version (K-SADS-E) (23) for DSM-III-R. The
sources providing index children and the ascertainment proce-
dures are detailed in previous publications (18, 21, 22). The par-
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ents and adult offspring provided written informed consent to
participate, and the parents also provided consent for offspring
under the age of 18. The children and adolescents provided writ-
ten assent to participate. The human research committee at Mas-
sachusetts General Hospital approved this study.

Follow-Up Assessment Procedures

Lifetime psychiatric assessments at the 10-year follow-up re-
lied on the K-SADS-E (Epidemiologic Version) (24) for subjects
younger than 18 years of age and the Structured Clinical Interview
for DSM-1V (SCID) (25) (supplemented with modules from the K-
SADS-E to assess childhood diagnoses) for subjects 18 years of
age and older. Ten percent of the probands (21 of 217) and 12% of
the relatives (86 of 743) were younger than 18 years of age at their
last assessment. We conducted direct interviews with the subjects
and indirect interviews with their mothers (i.e., the mothers com-
pleted 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.

The interviewers were blind to the subject’s ascertainment
group, the ascertainment site, and all prior assessments. Details
of interviewer training and the reliability of diagnoses are pro-
vided in a previous publication (22).

We considered a disorder positive if DSM-IV diagnostic criteria
were unequivocally met. A committee of board-certified child
and adult psychiatrists who were blind to the subject’s ADHD sta-
tus, referral source, and all other data resolved diagnostic uncer-
tainties. Diagnoses presented for review were considered positive
only when the committee determined that diagnostic criteria
were met to a clinically meaningful degree. Socioeconomic status
was measured with the 5-point Hollingshead scale (26).

Statistical Analysis

First, we compared characteristics (onset, duration, severity,
etc.) of psychoactive substance use disorder (any alcohol abuse,
drug abuse, alcohol dependence, or drug dependence), alcohol
dependence, and drug dependence between the ADHD and
comparison probands with logistic regression, linear regression,
or negative binomial regression depending on the distribution
of the outcome. Second, we conducted three sets of familial risk
analyses. In the first set of analyses, we compared four groups of
relatives defined by the probands’ ADHD and psychoactive sub-
stance use disorder status (i.e., neither, ADHD alone, psychoac-
tive substance use disorder alone, both ADHD and psychoactive
substance use disorder). Using Cox proportional hazards mod-
els, we compared the relatives of the four proband groups on es-
timated rates of ADHD and psychoactive substance use disor-
der. Using Cox models, cosegregation was established if the
presence of ADHD in the relative significantly increased the risk
for psychoactive substance use disorder in the same relative
within the subset of families having a proband with both ADHD
and psychoactive substance use disorder. We tested for nonran-
dom mating of ADHD and substance use disorders with Fisher’s
exact test. In the second set of analyses, we repeated the analy-
tical approach described above except that we used alcohol de-
pendence to define the proband groups and as an outcome in
the relatives. In the third set of analyses, we used drug depen-
dence to define the proband groups and as an outcome in the
relatives. Finally, we assessed whether the risk for alcohol and
drug dependence in the relatives was specific to alcohol or drug
dependence in the proband using Cox proportional hazards
models. To account for the nonindependence of family mem-
bers, we used the Huber (27) correction to produce robust vari-
ances for all statistical tests using family members. All tests were
two-tailed with alpha set at 0.05.
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TABLE 1. Demographic Characteristics of Attention Deficit Hyperactivity Disorder (ADHD) and Comparison Probands and

Their First-Degree Relatives

ADHD Probands Comparison Probands Analysis
Age (years) Age (years)
Variable N Mean SD N Mean SD Test df p
Age at last assessment (years)
Probands 112 21.6 33 105 22.8 4.0 t=2.27 215 0.02
Mothers 112 39.7 5.1 105 40.9 5.1 t=1.83 215 0.07
Fathers 112 42.9 6.2 104 43.1 5.6 t=0.28 214 0.78
Siblings 161 225 7.3 149 21.8 71 t=-0.82 308 0.42
Family socioeconomic status (26) 112 1.8 0.9 105 1.4 0.7 x?=6.99 1 0.008
TABLE 2. Substance Use in Probands With and Without Attention Deficit Hyperactivity Disorder (ADHD)
ADHD Probands Comparison Probands
Variable (N=112) (N=105) Analysis
N % N % z df p
Psychoactive substance use disorder 68 61 59 56 1.29 0.20
Severe impairment 30 44 16 27 2.34 0.02
Mean SD Mean SD Test df p
Onset (years) 16.0 2.4 17.5 2.8 t=-2.59 123 0.01
Duration (years) 4.6 3.2 4.0 3.6 t=2.55 122 0.01
Number of affected relatives in family 1.4 1.1 1.1 0.9 z=2.21 0.03
Onset in affected relatives (years) 20.0 6.8 19.8 6.6 t=0.64 306 0.52
N % N % z df p
Alcohol dependence 29 26 17 16 2.57 0.01
Mean SD Mean SD Test df p
Onset (years) 16.8 2.5 18.0 2.7 t=-1.66 44 0.10
Duration (years) 33 3.0 34 2.9 t=0.59 44 0.56
Number of affected relatives in family 0.7 0.9 0.5 0.7 7=2.33 0.02
Onset in affected relatives (years) 23.1 7.9 223 8.0 t=0.98 147 0.33
N % N % Test df p
Severe impairment 13 45 4 24 z=1.28 0.20
Drug dependence 23 21 11 10 z=2.44 0.02
Marijuana? 22 96 9 82 z=-0.08 0.93
Cocaine/stimulants? 4 17 3 27 z=0.14 0.89
Fisher’s
Sedatives? 2 9 0 0 exact test 1.00
Fisher’s
Ketamine? 0 0 1 9 exact test 0.32
Mean SD Mean SD Test df p
Onset (years) 16.1 2.1 16.7 3.0 t=-0.82 31 0.42
Duration (years) 3.7 3.0 4.4 4.5 t=0.41 30 0.69
Number of affected relatives in family 0.4 0.7 0.2 0.5 7z=2.08 0.04
Onset in affected relatives (years) 18.5 5.3 18.1 5.6 t=0.38 73 0.71
N % N % Test df p
Severe impairment 14 61 5 45 z=1.74 0.08
Alcohol plus drug dependenceP 14 37 5 22 z=1.25 0.21
Fisher’s
Hospitalized for substance use 5 7 0 0 exact test 0.06

a Denominator is number of subjects with drug dependence.
b Denominator is number of subjects with alcohol and/or drug dependence.

Results

Demographic Characteristics

Because probands with ADHD were significantly
younger than comparison probands, proband age was
controlled for in all analyses (Table 1). Details on attrition
are provided in a previous publication (22).

Characteristics of Substance Use in ADHD and
Comparison Probands

Rates of psychoactive substance use disorder (alcohol
abuse, drug abuse, alcohol dependence, or drug depen-
dence) did not differ between ADHD and comparison
probands, but ADHD probands had a significantly earlier
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onset, alonger duration, higher rates of severe impairment
associated with psychoactive substance use disorder, and
more affected first-degree relatives in relation to compari-
son probands (Table 2). Rates of both alcohol and drug de-
pendence were significantly higher in the ADHD probands
than in the comparison probands, as well as the number of
first-degree relatives affected with the same disorder.

Familial Risk for ADHD and Psychoactive
Substance Use Disorder

Four groups were used for the familial risk analysis of
psychoactive substance use disorder and ADHD: the rela-
tives of 46 comparison probands without psychoactive
substance use disorder (comparison probands, N=153),
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FIGURE 1. Risk for Attention Deficit Hyperactivity Disorder and Substance Use in Relatives by Proband Diagnosis
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the relatives of 59 comparison probands with psychoac-
tive substance use disorder (comparison probands plus
psychoactive substance use disorder, N=205), the relatives
of 44 ADHD probands without psychoactive substance
use disorder (ADHD, N=149), and the relatives of 68 ADHD
probands with psychoactive substance use disorder
(ADHD plus psychoactive substance use disorder, N=236).

Risk for ADHD in Relatives

Figure 1 (left) shows that age-adjusted rates of ADHD in
the ADHD plus psychoactive substance use disorder and
ADHD groups were significantly higher in relation to com-
parison probands (16% and 23% versus 5%; hazard ratio=
1.7, 95% confidence interval [CI]=1.3-2.1, p<0.001, and
hazard ratio=1.8, CI=1.2-2.6, p=0.002, respectively). The
ADHD plus psychoactive substance use disorder group
also had significantly higher rates of ADHD in relation to
the comparison probands plus the psychoactive sub-
stance use disorder group (23% versus 8%, hazard ratio=
1.7, CI=1.2-2.5, p=0.004).

110 ajp.psychiatryonline.org

Risk for Psychoactive Substance Use Disorder in
Relatives

The ADHD plus psychoactive substance use disorder,
ADHD, and comparison probands plus psychoactive sub-
stance use disorder groups all had significantly higher
age-adjusted rates of psychoactive substance use disorder
in relation to the comparison probands (48%, 44%, and
45% versus 30%; hazard ratio=1.2, CI=1.1-1.4, p=0.001;
hazard ratio=1.3, CI=1.0-1.7, p=0.02; and hazard ratio=1.7,
CI=1.1-2.7, p=0.02, respectively; Figure 1, left). There was
no evidence for cosegregation in the ADHD plus psycho-
active substance use disorder group (68% psychoactive
substance use disorder in subjects with ADHD versus 48%
psychoactive substance use disorder in subjects without
ADHD, p=0.08).

Familial Risk for ADHD and Alcohol Dependence

The familial risk analysis of alcohol dependence and
ADHD used four groups: the relatives of 88 comparison

Am | Psychiatry 165:1, January 2008



probands without alcohol dependence (comparison
probands, N=294), the relatives of 17 comparison probands
with alcohol dependence (comparison probands plus alco-
hol dependence, N=64), the relatives of 83 ADHD probands
without alcohol dependence (ADHD, N=283), and the rela-
tives of 29 ADHD probands with alcohol dependence
(ADHD plus alcohol dependence, N=102).

Risk for ADHD in Relatives

Figure 1, middle, shows that the rates of ADHD in the
ADHD plus alcohol dependence and ADHD groups were
significantly higher in relation to comparison probands
(18% and 26% versus 8%; hazard ratio=1.6, CI=1.2-2.0,
p<0.001, and hazard ratio=1.6, CI=1.2-2.1, p=0.001, re-
spectively) and comparison probands plus alcohol depen-
dence (18% and 26% versus 4%; hazard ratio=3.1, CI=1.5—-
6.3, p=0.002, and hazard ratio=6.6, CI=1.7-25.0, p=0.006,
respectively).

Risk for Alcohol Dependence in Relatives

The ADHD plus alcohol dependence group had a signif-
icantly higher age-adjusted rate of alcohol dependence in
relatives in relation to comparison probands (42% versus
18%; hazard ratio=1.4, CI=1.2-1.6, p<0.001), comparison
probands plus alcohol dependence (42% versus 21%; haz-
ard ratio=1.5, CI=1.0-2.2, p=0.05), and ADHD groups (42%
versus 23%; hazard ratio=2.4, CI=1.4-4.0, p=0.002; Figure
1, middle). There was no evidence for cosegregation in the
ADHD plus alcohol dependence group (46% alcohol de-
pendence in probands with ADHD versus 40% alcohol de-
pendence in probands without ADHD, p=0.08).

Familial Risk for ADHD and Drug Dependence

The familial risk analysis of drug dependence and ADHD
used four groups: the relatives of 94 comparison probands
without drug dependence (comparison probands, N=321),
the relatives of 11 comparison probands with drug depen-
dence (comparison probands plus drug dependence, N=
37), the relatives of 89 ADHD probands without drug de-
pendence (ADHD probands, N=309), and the relatives of
23 ADHD probands with drug dependence (ADHD
probands plus drug dependence, N=76).

Risk for ADHD in Relatives

Figure 1 (right) shows that the rates of ADHD in the
ADHD plus drug dependence, ADHD, and comparison
probands plus drug dependence groups were significantly
higher in relation to the comparison probands (21%, 20%,
and 22% versus 5%; hazard ratio=1.7, CI=1.3-2.2, p<0.001;
hazard ratio=2.1, CI=1.5-2.7, p<0.001; and hazard ratio=
8.0, CI=2.6-24.9, p<0.001, respectively).

Risk for Drug Dependence in Relatives

Likewise, Figure 1 (right) shows that the rates of drug de-
pendence were significantly higher in the ADHD plus drug
dependence, ADHD, and comparison probands plus drug
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dependence groups in relation to comparison probands
(14%, 12%, and 17% versus 5%; hazard ratio=1.4, CI=1.1-
2.0, p=0.02; hazard ratio=1.5, CI=1.0-2.3, p=0.04; and haz-
ard ratio=5.0, CI=1.2-21.0, p=0.03, respectively). There was
no evidence for cosegregation in the ADHD plus drug de-
pendence group (21% drug dependence in subjects with
ADHD versus 12% drug dependence in subjects without
ADHD, p=0.34).

Nonrandom Rating Among Parents

There was no evidence for nonrandom mating of paren-
tal ADHD and parental psychoactive substance use disor-
der, alcohol dependence, or drug dependence (all p>0.15).

Specific Versus Common Risk for Dependence

The following four groups were used: the relatives of 156
probands without alcohol dependence and without drug
dependence (no dependence, N=528), the relatives of 27
probands with alcohol dependence but without drug de-
pendence (alcohol dependence, N=102), the relatives of 15
probands with drug dependence but without alcohol de-
pendence (drug dependence, N=49), and the relatives of
19 probands with alcohol and drug dependence (alcohol
plus drug dependence, N=64).

Risk for Alcohol Dependence in Relatives

Figure 2 (top) shows that the alcohol dependence and
alcohol plus drug dependence groups had significantly
higher rates of alcohol dependence compared to the no
dependence group (34% and 32% versus 21%; hazard ra-
tio=2.1, CI=1.2-3.7, p=0.009, and hazard ratio=1.2, CI=1.0-
1.5, p=0.02, respectively).

Risk for Drug Dependence in Relatives

Figure 2 (top) shows that the drug dependence group
had a significantly higher rate of drug dependence com-
pared to the no dependence (26% versus 9%; hazard ratio=
1.9, CI=1.4-2.7, p<0.001) and alcohol dependence (26%
versus 10%; hazard ratio=3.0, CI=1.3-6.9, p=0.01) groups.
These associations did not vary significantly by the ADHD
status of the proband (both interaction effects, p>0.05).

Effect of Mood Disorders on Risk for Substance
Use

A secondary analysis was conducted to determine if the
risk for alcohol and drug dependence was mediated by
mood disorders. Independent of proband ADHD and alco-
hol dependence status, neither proband major depression
with severe impairment (p=0.25) nor proband bipolar dis-
order (p=0.09) significantly added to the risk for alcohol de-
pendence in relatives. Independent of proband ADHD and
drug dependence status, proband major depression with
severe impairment did not significantly predict drug de-
pendence in the relatives (p=0.26), but proband bipolar dis-
order significantly added to the risk for drug dependence in
the relatives (hazard ratio=3.4, CI=1.7-7.0, p=0.001).
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FIGURE 2. Risk for Addictions in Relatives by Proband
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Discussion

In a systematic evaluation of the familial relationship
between ADHD and psychoactive substance use disorder
with a well-characterized longitudinal group of ADHD
boys as adults and their first-degree relatives, we found the
following:

1. ADHD in the proband was consistently associated
with a significantly increased risk for ADHD in rela-
tives irrespective of comorbidity with psychoactive
substance use disorder

2. ADHD in the proband also predicted psychoactive
substance use disorder and drug dependence in the
relatives

3. Drug dependence in comparison probands in-
creased the risk for ADHD in relatives

4. Alcohol dependence in relatives was predicted only
by ADHD probands with comorbid alcohol depen-
dence

112 ajp.psychiatryonline.org

5. Both alcohol dependence and drug dependence bred
true in families without evidence of a common risk
between these disorders.

Although probands with and without ADHD did not dif-
fer on the absolute rates of the combined category of any
psychoactive substance use disorder, probands with
ADHD had an earlier onset, a longer duration, and higher
rates of severely impairing psychoactive substance use
disorder as well as higher rates of alcohol and drug depen-
dence. Moreover, probands with ADHD had more first-de-
gree relatives with psychoactive substance use disorder,
alcohol, and drug dependence in relation to comparison
probands. Taken together, these findings indicate that the
type of psychoactive substance use disorder that develops
in the context of ADHD is a very morbid form of the disor-
der and support the hypothesis that ADHD is a familial
risk factor for psychoactive substance use disorder.

The rates of substance use in the relatives of compari-
son probands were consistent with the National Comor-
bidity Survey (28) for psychoactive substance use disorder
(32.1% versus 26.6%, respectively) and alcohol depen-
dence (13.7% versus 14.1%, respectively). The relatives of
comparison probands had a 5.6% prevalence of drug de-
pendence, in between the 7.5% prevalence reported by the
National Comorbidity Survey (28) and the 2.6% preva-
lence recently reported by Compton and colleagues (29).
For comparison probands, the rates of alcohol and drug
dependence were consistent with the National Comorbid-
ity Survey (28), but the rate of the combined category of
psychoactive substance use disorder was twice as high. Al-
though the reasons for this high rate of psychoactive sub-
stance use disorder in comparison probands are not en-
tirely clear, it was driven mainly by elevated rates of
alcohol abuse that may reflect the high risk for binge
drinking in young adults in this age range. For example,
the Harvard School of Public Health 1999 College Alcohol
Study (30) found that 44% of college students were binge
drinkers, which was the same percentage of our compari-
son probands with alcohol abuse (44%, 46 of 105).

ADHD in the proband consistently increased the risk for
ADHD in relatives irrespective of psychoactive substance
use disorder status. The finding that the risk for psychoac-
tive substance use disorder in relatives was increased in
ADHD probands with and without psychoactive sub-
stance use disorder is consistent with the variable expres-
sivity hypothesis that ADHD and psychoactive substance
use disorder share common risk factors.

Evaluation of the subtypes of psychoactive substance
use disorder revealed divergent patterns of familial trans-
mission for alcohol and drug dependence. Findings re-
vealed that the risk for alcohol dependence was only ele-
vated in the relatives of probands with comorbid ADHD
plus alcohol dependence. These results, together with the
absence of cosegregation and nonrandom mating be-
tween ADHD and alcohol dependence, fit best with the
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hypothesis of independent transmission between these
disorders, with the caveat that the risk for alcohol depen-
dence exists only in the context of families with alcohol
dependence and ADHD. In the event that there had been
cosegregation of ADHD and alcohol dependence, the
findings would have better fit with the hypothesis of fam-
ily subtype.

On the other hand, the risk for drug dependence was
consistent with the variable expressivity hypothesis that
the two disorders share common familial determinants.
Specifically, the rates of ADHD were equally elevated in
the relatives of probands with ADHD, drug dependence,
or both and significantly higher than the rate of ADHD in
comparison relatives. Likewise, the relatives of probands
with ADHD, drug dependence, or both had significantly
higher rates of drug dependence compared to the relatives
of comparison probands but similar rates of drug depen-
dence compared to each other. Common risks may in-
volve dopamine genes (31) that affect attention and
arousal as well as the reward pathways associated with
drug dependence. Due to our differential findings for alco-
hol and drug dependence, genetic studies of ADHD may
benefit from understanding the biological and genetic dif-
ferences between alcohol and drug dependence. Alterna-
tively, ADHD and drug dependence may share a common
environmental factor and have distinct genetic causes.

These results are also consistent with findings by our
group (32) showing that in relation to comparison
probands, adult subjects with ADHD exhibited a greater
risk for drug abuse or dependence (8% versus 27%) than
for alcohol abuse or dependence (16% versus 31%). Man-
nuzza et al. (5) also showed that children with ADHD as
adults have a high risk for drug use disorders and not alco-
hol use disorders.

The rates of alcohol dependence and drug dependence
were selectively higher in the relatives of probands with
the same diagnosis. This finding suggests that the risk for
alcohol and drug dependence in relatives is specific to the
type of addiction afflicting the probands and is consistent
with findings from Merikangas et al. (33), Bierut et al. (34),
and Milberger et al. (35), which argue for specific and in-
dependent risks for alcohol and drug dependence. How-
ever, Nurnberger and colleagues (36) suggested that alco-
hol and drug dependence share common mechanisms
within some families. Additional work using community
samples may resolve these differences because discrepant
findings could be due to unique aspects of clinically ascer-
tained samples.

Our findings should be interpreted in the context of
several limitations. Despite significant differences be-
tween ADHD and comparison families in socioeconomic
status, our analyses did not control for socioeconomic
status. Although future studies should help elucidate the
relationship between socioeconomic status, ADHD, and
psychoactive substance use disorder, socioeconomic sta-
tus may not be a true covariate because the outcome
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(substance use disorders) could affect the covariate (fam-
ily socioeconomic status) on a majority of the units of
analysis (parents).

Our secondary analysis further confirmed that alcohol
dependence is independently transmitted because
proband mood disorders did not affect the risk for alcohol
dependence in the relatives. However, the same analysis
suggested that the risk for drug dependence in the rela-
tives could be accounted for by comorbid bipolar disorder
in the probands. Future studies should assist in determin-
ing the precise nature of the variably expressed risk for
drug dependence. In addition, because marijuana was the
preponderant drug of dependence in the probands, our
findings of variable expressivity may not generalize to
other drugs.

Another potential source of bias stems from the indirect
psychiatric assessments with the mothers about the
probands and their siblings. This method may have led to
an underrepresentation of psychopathology in the chil-
dren. In addition, although the probands and their sib-
lings were assessed at baseline and follow-up assess-
ments, the parents were assessed only at baseline. Thus, it
is possible that additional cases of substance use disorders
emerged in the parents during the 10-year follow-up pe-
riod, although the use of Cox models to calculate age-ad-
justed rates somewhat mitigates this concern. Qur group
was ascertained with DSM-III-R criteria, so the findings
may have differed had DSM-IV been used. However, Bie-
derman and colleagues (37) showed that 93% of children
with a DSM-III-R diagnosis also received a DSM-1V diag-
nosis. Finally, community-based studies should deter-
mine if these findings extend to the general population.
Studies should also determine if samples of females with
ADHD would yield consistent results.

In summary, in a group of pediatrically and psychiatri-
cally referred children and adolescents with ADHD, famil-
ial risk analyses suggest that the association between
ADHD and drug and alcohol dependence are substance
specific, and they are most consistent with the hypothesis
of variable expressivity for drug dependence and indepen-
dent transmission for alcohol dependence.
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