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Abstract
The link between Attention-deficit/Hyperactivity Disorder (ADHD) and substance use disorders
(SUD) continues to be an area of great interest. In this report we discuss more recent work
exploring the developmental relationship between ADHD and SUD and associated concurrent
disorders. Recent work highlights the role of treatment of ADHD in children on subsequent
cigarette smoking and SUD in adolescence and adulthood. Recent diagnostic issues examining
ADHD in SUD populations are highlighted. Recent studies in patients with ADHD and SUD
suggest that SUD treatment needs to be sequenced initially with ADHD treatment quickly
thereafter.
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Introduction
The intersection of Attention deficit/Hyperactivity Disorder (ADHD) and alcohol or drug
abuse or dependence (referred to here as substance use disorders [SUD]) in adolescents and
adults has been an area of increasing awareness. ADHD affects from 6 to 9% of children and
adolescents and up to 5% of adults worldwide [1*, 2**]. Longitudinal data suggest that
childhood ADHD persists in 75% of cases into adolescence and in approximately one-half
of cases into adulthood (for review see [1*]). SUD usually onset in adolescence or early
adulthood and affect between 10 to 30% of U.S. adults, and approximately 8.9% of
adolescents manifest a drug use disorder and 6.4% an alcohol use disorder [2**]. The study
of comorbidity between SUD and ADHD is relevant to both research and clinical practice in
developmental pediatrics, psychology, and psychiatry with implications for diagnosis,
prognosis, treatment, and health care delivery.

ADHD in SUD
Higher than expected rates of ADHD are found in populations with SUD. Studies
incorporating structured psychiatric diagnostic interviews assessing ADHD and other
disorders in substance abusing groups have indicated that from one quarter of adults with
SUD and one-half of adolescents with SUD have ADHD. Data ascertained from adult
groups with SUD also show a higher risk for ADHD, as well as earlier onset and more
severe SUD associated with ADHD (for review see [1*, 3*, 4**]).
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ADHD as a Risk Factor for SUD
Since ADHD manifests earlier than SUD, the risk for SUD resulting in ADHD is unlikely
(see Figure 1). Thus, it is important to evaluate to what extent ADHD is a precursor of SUD.
Prospective studies of ADHD children have provided evidence that ADHD itself is a risk for
later cigarette smoking and SUD [4**]. For instance, a recent meta-analysis of 13 studies
showed that ADHD was associated with alcohol and drug use disorders in adulthood and
nicotine use in adolescence. Children with ADHD who also have conduct and/or bipolar
disorders co-occurring with ADHD seem to have the poorest outcome with respect to
developing SUD and major morbidity. For instance, in a longitudinal study of adolescents
with and without ADHD, conduct disorder, and SUD, Brook et al. found that ADHD is
related to SUD, but that the main effect was related to conduct disorder [5*]. Also, as part of
an ongoing prospective study of ADHD we found differences in the risk for SUD in ADHD
adolescents and young adults (mean age 21 years) compared to non-ADHD controls which
were highest in those with comorbid conduct disorder at baseline [6*]. Interestingly, as part
of a 10-year follow-up through adolescence, we did not find that any features within ADHD
such as family history of SUD, cognitive impairment, socialization, or family environment
predicted later SUD [6*]. Similarly, we did not find that operationally defined
neuropsychological abnormalities indicative of executive function deficits predicted SUD in
our ADHD or control youth in older adolescence and young adulthood [7*].

ADHD Treatment and SUD
Controversy continues in the lay and scientific literature about the effects of ADHD
treatment and later SUD. Since prospective studies in ADHD youth are naturalistic, and
hence not randomized for treatment, attempts to unravel positive or deleterious effects of
treatment from the severity of the underlying condition(s) creates serious confounds.
Although concerns of the potential kindling of specific types of abuse (i.e. stimulants)
secondary to early stimulant exposure in ADHD children have been raised, the
preponderance of clinical data do not support such a contention.

Recent work has shed more light on this issue. Biederman et al. [8] and Mannuzza et al. [9]
simultaneously reported that early stimulant treatment did not increase nor decrease the risk
for subsequent SUD in young adulthood. We reported in a sample of adolescent girls with
ADHD that stimulant treatment resulted in an almost two-fold reduction in cigarette
smoking and SUD [10]. Of interest, we did not find that the onset or duration of stimulant
treatment was related to the risk for SUD in distinction to Mannuzza et al. [9]. Interestingly,
in reviewing neuroimaging findings, some have conjectured that ADHD and SUD-related
craving share neurobiological similarities, and that treatment of ADHD may reduce craving
for substances and subsequently reduce the risk for relapse to substance use [3*].

An aggregate of the literature seems to suggest that early stimulant treatment reduces or
delays the onset of SUD and perhaps cigarette smoking into adolescence; however, the
protective effect is lost in adulthood. The loss of the protective effect in adults may be a
reflection of findings in adolescents not spanning through the full age of risk of SUD or that
most adolescents have stopped their ADHD treatment during later adolescence and young
adulthood, thus losing the protective effect of stimulants [11*].

SUD Pathways Associated with ADHD
An increasing body of literature shows an intriguing association between ADHD and
cigarette smoking [12*, 13]. ADHD is a significant predictor of early initiation cigarette
smoking (before age 15), and conduct and mood disorders coupled with ADHD put youth at
particularly high risk for early onset smoking. Data also suggest that smoking kindles youth
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with ADHD for an even higher risk for SUD. This is not surprising given that smoking leads
to peer group pressures and availability of illicit substances and that biologically, nicotine
exposure may make the brain more susceptible to later behavioral problems and SUD.
Furthermore, nicotinic modulating agents are being evaluated for the treatment of ADHD.

The precise mechanism(s) mediating the expression of SUD in ADHD populations remains
to be seen. The self-medication hypothesis is compelling in ADHD considering that the
disorder is chronic and often associated with demoralization and failure, factors frequently
associated with SUD in adolescents. Among substance abusing adolescents with and without
ADHD, ADHD adolescents have reported using substances more frequently to attenuate
their moods and to help them sleep. However, no evidence of differences in types of
substances has emerged between groups [14]. Other important links include family/genetic
contributions [15] and exposure to parental SUD during vulnerable developmental phases
[16].

Diagnosis and Treatment of ADHD and SUD
There has been much debate on the age of onset criteria currently used for diagnosing older
adolescents and adults with ADHD. Barkley has proposed that requiring child-based
symptoms for adults to meet the diagnosis of ADHD is too stringent [17]. Studies have shed
important light on establishing the diagnosis of ADHD in adults with ADHD and SUD who
fail to have clear recollection of symptom onset in childhood. Faraone et al. [18] have
examined differences between groups of adults with ADHD based on age of onset of
symptoms of ADHD. In this study, researchers investigated whether differences existed
between 79 adults who met full current criteria for ADHD but did not have a clear track of
symptoms prior to age 7 years and 127 adults who had their ADHD onset prior to age 7
years [18]. Interestingly, no differences in rates of psychiatric comorbidity, SUD, family
history of ADHD, or impairment were found between groups of adults with full criteria
ADHD and those who had a longitudinal track of ADHD without clear onset in youth,
supporting the growing contention of problems with using the current onset of symptoms
prior to age 7 years stringently, particularly in adults with SUD. In a study examining
symptom prevalence of ADHD in a residential substance abuse treatment program using
contemporary methods, McAweeney et al. [19**] found that the prevalence rate of ADHD
from the program clinical records was 3%, while the prevalence rate from the study
assessments was 44% suggesting that ADHD may be under diagnosed in addiction treatment
programs.

The treatment needs of individuals with SUD and ADHD need to be considered
simultaneously; however, if possible, the SUD should be addressed initially. If the SUD is
active, immediate attention needs to be paid to stabilization of the addiction(s). Depending
on the severity and duration of the SUD, individuals may require inpatient treatment. Self
help groups offer a helpful treatment modality for many with SUD. In tandem with addiction
treatment, SUD individuals with ADHD require intervention(s) for ADHD (and if
applicable, comorbid psychiatric disorders).

The efficacy of various psychotherapeutic interventions for populations with ADHD and
SUD remains to be established. However, data suggests efficacy of cognitive behavioral
therapies for adults with ADHD in both individual [20*] and group settings [21*]—as well
for SUD. It appears that effective psychotherapy for this comorbid group combines the
following elements: structured and goal-directed sessions, proactive therapist involvement,
and knowledge of SUD and ADHD.

Medication serves an important role in reducing the symptoms of ADHD and other
concurrent psychiatric disorders. Effective agents for ADHD include the stimulants,
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noradrenergic agents, and catecholaminergic antidepressants. In general, while open studies
are more encouraging, results from controlled trials with stimulants and/or bupropion
suggest that ADHD pharmacotherapy used in adults with ADHD plus SUD has meager
effects on the ADHD and substance use or cravings. Multiple recent studies shed light on
this issue. A well conducted, pilot, placebo-controlled 12-week study of osmotic-release oral
system methylphenidate (OROS MPH) (72 mg) in 24 adults with amphetamine abuse and
ADHD indicated no significant differences in outcome for neither ADHD nor SUD [22*]. A
multisite, NIH funded placebo-controlled study of stimulants in adult smokers with ADHD
was recently published [23**]. In this 11-week study, OROS MPH/placebo was dosed to 72
mg/day in 255 adults with ADHD who were also treated with the nicotine patch to examine
the effects on cigarette cessation and ADHD. The results of this trial showed improved
ADHD but no effects on rates of cigarette cessation [23**]. Of interest, there was no
increased cigarette smoking in the medicated group and side effects in these adults were
similar to those noted in previous stimulant trials. Data from another NIH multisite study of
treatment of adolescents with ADHD and SUD was also recently reported [24]. In this 16-
week placebo-controlled study, 300 adolescents with mixed SUD received OROS MPH/
placebo to 72 mg/day along with weekly individual cognitive behavioral therapy. Both
treatment arms resulted in significant improvement compared to baseline; however, there
was no significant improvement in ADHD (investigator/parent) or SUD (adolescent self
report) between treatment groups. Side effects were reminiscent of adolescent studies and
the medication was reported to be of low abuse liability.

In ADHD adults with recent SUD, the nonstimulant agents (atomoxetine), antidepressants
(bupropion), and extended-release or longer acting stimulants with lower abuse liability and
diversion potential are preferable [3*]. The broad spectrum of activity in ADHD, lack of
abuse liability, and recent work showing relative safety in the context of active SUD
generate particular interest in studying atomoxetine in adults with alcohol use disorders [25].
In a 12-week multisite study in recently abstinent alcoholics, atomoxetine (compared to
placebo) was effective in treating ADHD, and reducing recurrent episodes of heavy
drinking, but not relapse [25]. In a separate analysis, atomoxetine administration in heavy
relative to light or nondrinkers was associated with more side effects; yet, there were no
serious adverse events nor evidence of impaired liver functioning in the heavy drinkers in
these relatively short terms trials [26]. In a similar 10-week, open-label study, atomoxetine
was effective in treating ADHD symptoms as well as intensity, frequency, and length of
cravings in recently abstinent adults with SUD and comorbid ADHD, and no serious adverse
events were reported [27*]. However, these promising data in abstinent alcoholics need to
be tempered against recent work in currently using adolescents with SUD. Thurstone et al.
[28*] studied 70 adolescents with ADHD and at least one active non-nicotine SUD who
received 12 weeks of atomoxetine or placebo in addition to motivational interviewing/
cognitive behavioral therapy. There were no differences between ADHD scores or in use of
substances between treatment groups that emerged during the study. The authors speculated
that the therapy may have contributed to a larger than expected placebo response. The above
findings linked with an older literature suggest that medications used in adolescents and
adults with ADHD plus active SUD have only a meager effect on ADHD, and an even
smaller effect on cigarette or substance use. It may be that some abstinence may result in
improved outcomes for both ADHD and SUD. Regardless of the pharmacotherapy being
administered, individuals with ADHD and SUD should be monitored frequently. Evaluation
of compliance with treatment, questionnaires, random toxicology screens as indicated, and
coordination of care with addiction counselors and other caregivers are integral components
of effective treatment.
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Issues of Misuse and Diversion
There has been substantial interest in misuse and diversion of stimulants prescribed for
ADHD (for review see [29]). The majority of individuals treated for their ADHD use their
medications appropriately, however survey studies have indicated that approximately 5% of
college students have misused stimulants [29]. This practice is more common in competitive
colleges and the stimulants are more often misused for their pro-cognitive effects than
euphoria. In a secondary analysis of an internet-based survey, young adults with higher
Adult ADHD Self-Report Scale (ASRS) scores were significantly more likely to engage in
non-medical use of ADHD medications, while young adults with lower scores were
significantly less likely to engage in non-medical use [30*]. In a longitudinal study utilizing
the ASRS, significantly higher symptoms of ADHD were observed in college students who
had an ongoing pattern of persistent non-medical use of prescription stimulants [31*]. These
studies suggest that young adult non-medical users are self-medicating undiagnosed or
untreated ADHD. The majority of high school and college students who misuse stimulants
obtain them from friends, with only a minority reporting “scamming” local practitioners to
obtain stimulants. For instance, of high school students who were receiving prescribed
stimulants, 15% had given and 7% had sold their medications to other students [29]. Not
surprisingly, a recent study reported that students with ADHD are often pressured into
selling or letting others have their own stimulants [32*]. Similar to other studies [29], those
to whom the stimulants were diverted misused the stimulants in context with other
substances of abuse and other psychopathology such as depression and conduct disorder.

Basic science and behavioral studies suggest that the preparations of stimulants may have an
impact on misuse and diversion [33]. For instance, less misuse of extended- compared to
immediate-release stimulants has been reported. Likewise, using simultaneous neuroimaging
and self-report queries, less likeability has been reported with extended-release
methylphenidate compared to equipotent doses of immediate-release methylphenidate [34].
Recent work further separates abuse liability among the various extended-release
formulations of methylphenidate [35*]. Work with lisdexamfetamine, a prodrug stimulant
that is metabolized in vivo to d-amphetamine, indicates less likelihood for intravenous or
intranasal abuse compared to equipotent d-amphetamine [36*]. Hence, a growing literature
suggests the consideration of extended-release stimulant preparations in populations at
higher risk to misuse or divert their stimulants.

Conclusion
While the existing literature has provided important information on the relationship of
ADHD and SUD, it also points to a number of areas in need of further study. The
mechanism by which untreated ADHD leads to SUD, as well as the specificity of risk
reduction of ADHD treatment on cigarette smoking and SUD at apparent developmental
points needs to be better understood. Given the prevalence and major morbidity and
impairment caused by ADHD and SUD, prevention and treatment strategies for these
adolescents and adults need be further developed and evaluated.
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Figure 1.
Developmental relationship between ADHD and substance abuse across the lifespan.
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