Effect of Stimulant Medications for
Attention-Deficit/Hyperactivity Disorder
on Later Substance Use and the Potential

for Stimulant Misuse, Abuse, and Diversion

Stephen V. Faraone, Ph.D.; and Timothy E. Wilens, M.D.

The objective of this article is to review literature about the effects of stimulant therapy on sub-
stance use disorders and the potential for misuse and diversion of stimulants. We reviewed published
literature relevant to these objectives, and studies were selected if they were published or accepted for
publication in peer-reviewed journals. Prospective longitudinal studies show that attention-deficit/
hyperactivity disorder (ADHD) is a risk factor for subsequent substance use disorders. These studies
also suggest that ADHD pharmacotherapy in childhood reduces the risk for substance use disorders.
Misuse and diversion of prescribed stimulants occur among a minority of ADHD patients, especially
those with conduct or substance use disorders. Long-acting stimulants may be less likely to be mis-

used or diverted.

A Ithough there is strong evidence that attention-
deficit/hyperactivity disorder (ADHD) is associ-
ated with an increased risk for substance use disorders
(SUDs)," we know relatively little about the causes of the
association. In the drug abuse literature, self-medication
for symptoms of anxiety, depression, and aggression has
been suggested to be an important pathway to SUDs.? No-
tably, each of these symptoms is highly prevalent among
ADHD patients. It is also possible that some ADHD pa-
tients use medications to control their ADHD symptoms.
In support of this, recent work has shown that the majority
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of both ADHD and non-ADHD youth who continue to use
substances of abuse do so to change their mood, to im-
prove sleep, and for other reasons, but not for the sub-
stances’ euphorigenic effects.* Although drug-abusing
ADHD patients do not selectively abuse stimulants, they
are heavy users of nicotine, which is known to have mod-
est therapeutic effects on ADHD symptoms.* The symp-
toms of ADHD may directly increase the risk for SUD. For
example, impulsivity could lead ADHD youth to try drugs
they would not otherwise have tried. Also, chronic ADHD
and its associated social and school failure could create
demoralization, which in turn might fuel substance use.’

This article reviews literature on the effects of stimulant
therapy on substance use disorders and the potential for
misuse and diversion of stimulants. Studies were selected
if they were published or accepted for publication in peer-
reviewed journals.

IS ADHD A RISK FACTOR FOR
SUBSTANCE USE DISORDERS?

Because the onset of ADHD is typically prior to the on-
set of SUDs, it is reasonable to suggest that ADHD is a risk
factor for SUDs rather than that SUDs are a risk factor for
ADHD. Fortunately, we do not need to rely on logic to as-
sess the validity of this statement. Longitudinal studies of
children with ADHD and children who develop SUD have
addressed this issue from an empirical perspective.

Prospective studies of children with ADHD show that
the groups with comorbid conduct or bipolar disorders
are most likely to develop SUD.*® For example, in 5- to
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8-year follow-up studies, more alcohol use was shown
among hyperactive and largely conduct disordered adoles-
cents with ADHD compared to non-ADHD controls.’
Katusic et al.'” followed 363 youth with ADHD and 726
matched controls from age 5 to mid-adolescence. ADHD
predicted a 3-fold risk for SUD and an earlier onset of
SUD. Molina and Pelham,® in a longitudinal study of 142
adolescents and 100 controls, also found that ADHD was
associated with an increased risk for SUD.

If ADHD is a risk factor for SUD, then ADHD should
be common among adolescents and young adults who
later develop an SUD. This idea has been confirmed
by longitudinal studies of children and adolescents with
SUD.'"'? For example, Kellam et al.”* found that aggres-
sion, inattention, and impulsivity in the first grade pre-
dicted an increased risk for substance use in adolescence
and young adulthood.

Although, as shown above, there is substantial evi-
dence that patients with ADHD are at high risk for subse-
quent SUDs, comparatively little is known about the ef-
fects of ADHD on the developmental pathway from drug
abuse to drug dependence and on pathways from use of
licit substances (e.g., nicotine and alcohol) to illicit sub-
stances. Glantz and Pickens'* suggested that there are spe-
cific developmental pathways that prime youth for a wors-
ening course of substance use, abuse, and dependence.

Biederman et al."” evaluated the developmental path-
ways of SUD in adults with ADHD from 2 perspectives.
Consistent with prior reports, adults with ADHD exhibited
a 2-fold increased risk for SUDs. Among adult ADHD
patients with alcohol use disorders, ADHD increased the
risk for subsequent drug abuse or dependence. Also, com-
pared with non-ADHD controls, ADHD patients were at
increased risk for a chronic course of SUD. The effect of
ADHD on these developmental pathways could not be ac-
counted for by psychiatric comorbidity. Thus, in addition
to predicting SUD, ADHD also predicts developmental se-
quences among different types of SUD. This work is par-
ticularly important because the discovery of developmen-
tal SUD pathways associated with ADHD might lead to
improved primary prevention, which could reduce the risk
for SUD in ADHD subjects. Such data could also be used
to justify secondary prevention efforts to stop or mitigate
transitions from milder to more severe SUDs.

DO STIMULANT MEDICATIONS
CAUSE SUBSTANCE USE DISORDERS?

For decades, the stimulant medications methylpheni-
date, dextroamphetamine, and mixed amphetamine salts
have been the most common drugs used in the treatment
of ADHD. The stimulants increase the availability of syn-
aptic dopamine'®'’; reduce the overactivity, impulsivity,
and inattention characteristic of patients with ADHD;

and improve associated behaviors, including on-task be-

16

havior, academic performance, and social functioning.'®
Studies demonstrate robust effects in both children and
adults,' and long-acting formulations extend the action of
these medications over 8 to 12 hours to allow once-daily
dosing.?**

Although stimulants have been the mainstay of ADHD
pharmacotherapy, several nonstimulant medications have
also shown evidence of efficacy. These include tricyclic
antidepressants,” > bupropion,”®* modafinil,”*° mono-
amine oxidase inhibitors,>"*? and atomoxetine.**

A recent meta-analysis of ADHD efficacy outcomes
found that efficacy effect sizes for stimulants were signifi-
cantly greater than those for other medications, even after
correcting for study design features that might have con-
founded the results.***® Although head-to-head trials are
needed to make definitive statements about efficacy differ-
ences, these results were compatible with the efficacy dif-
ferences between atomoxetine and mixed amphetamine
salts reported by Wigal et al.*** and the conclusions of
another review limited to a smaller subset of studies that
excluded short-acting stimulants.*!

Although stimulants are highly efficacious for ADHD,
their use in young children with ADHD and ADHD patients
with SUDs raises concerns about their effects on increas-
ing de novo SUD risk and exacerbating SUD and about the
inherent risk of abuse of the medications themselves. In ad-
dressing the concern about stimulant treatment of ADHD
increasing the risk for SUDs, prospective, naturalistic fol-
low-up studies have provided useful information by track-
ing the development of SUD in ADHD patients who had
and had not been treated with stimulants. These studies
have produced what appear to be contradictory results.
Some suggest that the stimulant treatment of ADHD is a
risk factor for SUDs, others suggest it has no effect, and
some find it protects youth with ADHD against subsequent
substance use. To make sense of these contradictory find-
ings, Wilens et al.*** conducted a meta-analysis, which
identified 2 studies that followed youth with ADHD into
adolescence and 4 that followed youth with ADHD into
adulthood. The analysis showed that stimulant-treated
youth with ADHD were half as likely to develop SUD
as those that had not been treated with pharmacotherapy.
The magnitude of risk reduction was such that the ultimate
risk of SUD in the stimulant-treated group was similar to
the risk in individuals without ADHD. These data clearly
show that, rather than causing SUD, stimulant treatment of
ADHD protects youth with ADHD from developing SUD.

An intriguing finding from the Wilens et al.**** meta-
analysis of longitudinal studies of ADHD is that the effects
of stimulant therapy on subsequent SUDs differed in ado-
lescence and adulthood. Studies reporting follow-up into
adolescence showed a strong protective effect on the de-
velopment of SUD: stimulant-treated subjects were 5.8
times less likely to develop SUDs than untreated subjects.
In contrast, for studies that followed children into adult-
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hood, stimulant-treated subjects were only 1.4 times less
likely to develop SUDs than untreated subjects. Evidence
for lack of a protective effect in adulthood was also re-
ported by Faraone et al.** They used a retrospective strat-
egy to assess the impact that prior pharmacotherapy for
ADHD had on substance use disorders in adulthood in 206
adults with ADHD. Their results showed a high degree
of consistency across substances of abuse in finding no
link between prior pharmacotherapy for ADHD and sub-
sequent substance use, abuse, or dependence. They could
not, however, show a protective effect of stimulants on
subsequent SUDs. In addition to the nearly complete lack
of statistically significant difference among treatment
groups, the nonsignificant differences were very small and
not suggestive of deleterious effects of prior treatment.

We can only speculate as to why the protective effect of
stimulants is not evident in adulthood. One possibility is
that, due to parental monitoring, treatment compliance and
hence efficacy is greater for youth than adults. Moreover,
the exposure to stimulants was more recent for adolescents
compared to adults.* Another possibility is that, because
adolescents have not fully passed through the age of risk
to develop SUD, the protective effect of stimulants may be
to delay rather than stop subsequent SUDs. More research
is needed to understand this developmental effect of
stimulants on substance use and to further clarify protec-
tive mechanisms.

Why does stimulant therapy protect against SUDs?
One possibility is that the effect is indirect. Some ADHD
symptoms may increase the risk for using substances. If
so0, reduction of those symptoms would protect youth from
SUD. For example, impulsivity could lead ADHD youth
to try drugs they would not otherwise have tried. Also,
chronic ADHD and its associated social and school failure
could create demoralization, which in turn might fuel sub-
stance use. Another possibility is that, compared with
other ADHD youth, ADHD youth who are treated with
stimulants have parents who are more concerned and pro-
vide more supervision. Another possibility is that stimu-
lant treatment directly affects the reward circuits of the
brain to reduce the risk for SUD. This idea is intriguing but
must remain speculative in the absence of studies address-
ing that issue.

We have suggested that stimulant therapy reduces clas-
sic symptoms associated with ADHD such as poor self-
esteem, demoralization, and school failure and that, ac-
cordingly, such treatment reduces the risk of SUD.* It
is also possible that stimulants act directly on the reward
system to reduce the reward value of drugs, which in turn
makes them less susceptible to abuse drugs. This latter hy-
pothesis has seen some support in studies of an ADHD
animal model known as the spontaneously hypertensive
rat. The spontaneously hypertensive rat is both a good be-
havioral model of ADHD and an accurate neurochemical
model of the disorder.* Prior work has successfully used
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the spontaneously hypertensive rat to show that repeated
exposure to methylphenidate during the pubertal period
diminishes subsequent sensitivity to the incentive proper-
ties of cocaine.*® If this work generalizes to humans, it
could be that the timing of stimulant exposure is a critical
factor in predicting protective effects on SUDs and how
those effects unfold through adolescence and adulthood.

Regardless of the mechanisms involved, the current
literature provides additional assurance to clinicians that
the use of stimulant therapy will not increase subsequent
risks for SUDs. This is especially important considering
that high efficacy of stimulant medications compared with
alternatives.”®

ARE STIMULANT MEDICATIONS MISUSED,
ABUSED, OR DIVERTED BY ADHD PATIENTS?

Over the last decade, reports of illicit use of stimulant
medications have emerged. A survey study completed
in Wisconsin®’ evaluated whether children had been ap-
proached to give or sell their prescribed medication. While
the actual rates of diversion were not reported, the authors
reported that 16% of children had been approached to sell
or give away their medication.”” Marsh et al.,*® in a ret-
rospective review of adolescents’ medical charts, reported
an increase in methylphenidate misuse, but only among
the Caucasian sample. Along the same lines, another larger
survey study completed by Poulin® in New Brunswick,
Nova Scotia, Canada, in 13,549 students (grades 7—-12) in-
dicated that 8.5% of the sample had used nonprescribed
stimulants in the year prior to the survey. Of those students
who were receiving prescribed stimulants, 15% had given
their medications to others while 7% had sold their medi-
cation to other students. Compared to those receiving pre-
scribed stimulants, students using nonprescribed stimu-
lants had much higher rates of use of cigarettes, marijuana,
and alcohol*—similar to data indicating that adults abus-
ing stimulants typically did so in the context of a myriad of
other SUDs.”

Low and Gendaszek® recently showed in a survey
study of 150 undergraduate students at Bates College that
4% had misused amphetamine compounds, 7% methyl-
phenidate, and 24% both (total of 36%). In contrast, 34%
of those undergraduates surveyed reported using non-
prescribed stimulants including either 3,4-methylene-
dioxymethamphetamine (MDMA, Ecstasy; 15%) or co-
caine (3%) or both (17%). Of interest, the majority of
undergraduates using nonprescribed stimulants noted us-
ing them primarily to enhance academic functioning.’!
Systematic data are lacking on the diversion and misuse of
stimulant agents in adults with ADHD.

Teter et al.”” studied the prevalence of methylphenidate
misuse among 2250 undergraduates using an Internet
survey. Of these students, 3% reported past-year methyl-
phenidate misuse. Compared with prescription stimulant
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users who did not misuse their medication, those who
misused methylphenidate were more likely to use other
substances and to report adverse consequences from sub-
stance use. There were no gender differences.

McCabe et al.” studied the misuse and diversion of pre-
scribed stimulant medication among 1536 middle and high
school students. Misuse or diversion was reported by 4.5%
of the overall sample. Among students reporting prescrip-
tion stimulant use, 23% had been asked by peers to sell,
give, or trade their prescribed stimulant medication. Mis-
use and diversion were lower among African American
students and among students planning to attend college.

The same research group completed 2 studies of the
misuse and diversion of stimulants among undergraduate
college students.”* The first study®* selected a nationally
representative sample of 10,904 randomly selected college
students from 4-year colleges in the United States. The
lifetime prevalence of nonmedical stimulant use was
6.9%. The prevalence during the prior year was 4.1%, and
the prevalence during the prior month was 2.1%. Stimu-
lant misuse was higher among subjects who were male,
were white, were members of fraternities and sororities,
and had lower grades. Misuse was more common at col-
leges located in the Northeast and among colleges with
highly competitive admissions standards. Students who
misused stimulants were also at greater risk for using
alcohol, cigarettes, marijuana, Ecstasy, and cocaine. They
were also more likely to engage in risky behaviors.

The second college study® by this group was based on
a self-administered Internet survey completed by a ran-
dom sample of 9161 undergraduate students attending a
large public midwestern university. The lifetime preva-
lence of stimulant misuse was 8.1%; the 1-year prevalence
was 5.4%. Subjects who misused stimulants reported ac-
quiring them from friends and peers. As the researchers
found in their prior survey, stimulant misuse was more
common among subjects who were male, were white,
were a member of a social fraternity or sorority, and had
lower grades. Subjects who had been prescribed stimu-
lants for ADHD in elementary school were not at higher
risk for stimulant misuse or other drug use during college
compared with subjects who were never prescribed stimu-
lant medication.

Using the same study sample, Teter et al.’® surveyed
motives for stimulant misuse. The most common reasons
given were to (1) help with concentration, (2) increase
alertness, and (3) provide a high. Men were more likely
than women to report stimulant misuse, but there were
no gender differences in motives. Stimulant misuse and
the number of reasons for misuse were associated with
elevated rates of substance use.

Teter et al.”” reported data from a random sample of
4580 college students who had completed an Internet
survey. They found an 8.3% lifetime prevalence of stimu-
lant misuse and a 5.9% past-year prevalence of stimulant
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misuse. Among those that misused stimulants in the past
year, three fourths misused an amphetamine agent and
one fourth misused methylphenidate. Past-year misuse
of stimulants was more common among Caucasians and
Hispanics compared with African Americans and Asians.
The most common reasons for misuse were to help with
concentration, to help with studying, and to increase alert-
ness. Other reasons were getting high and experimentation
(29.9%). Nearly all subjects who misused stimulants did
so orally, and 38% also reported intranasal use.

White et al.”® surveyed 1025 college students. Of these,
16% had misused stimulant medication. Nearly all cases of
misuse involved methylphenidate and did not differ by gen-
der. Most subjects who misused stimulant medication did
so orally; 40% reported intranasal use. Similar to Teter et
al.,”® the main reasons for misuse were improving attention,
partying, reducing hyperactivity, and improving grades.

Wilens et al.”” studied the misuse and diversion of
stimulants in a 10-year longitudinal study of boys with
ADHD. Of 98 subjects receiving psychotropic medica-
tions, 56% were ADHD subjects, and 44% were controls
receiving medications for other purposes. Eleven percent
of the ADHD group reported selling their medications
compared with no subjects in the control group. Twenty-
two percent of the ADHD group misused their medications
compared with 5% of the control group. All of the misuse
could be attributed to subjects having conduct or substance
use disorders and was with immediate-release and not ex-
tended-release stimulants. The authors concluded that the
majority of ADHD patients, particularly those without
conduct or substance use disorders, used their medications
appropriately. They further emphasized the need to moni-
tor medication use in ADHD individuals with conduct and/
or substance use disorders and to carefully select agents
with a low likelihood of diversion or misuse in this group.

Kroutil et al.® examined misuse of stimulants using
data from the National Survey on Drug Use and Health.
The majority of past-year misuse involved drugs other
than methamphetamine. Past-year misuse was more preva-
lent among persons aged 12 to 25 compared with older
adults. It was also greater among Caucasians compared
with other ethnicities. Prevalence did not differ between
large metropolitan areas and less-populated areas. About
13% of past-year stimulant misusers met the survey crite-
ria for dependence or abuse.

One group in which the bulk of studies indicate concern
for misuse and diversion is those with SUD.*>"*? How-
ever, open and controlled studies of adolescents and adults
with ADHD and SUD do not indicate any evidence of (1)
abuse of the stimulant or nonstimulant medication, (2) di-
version of the stimulants, (3) worsening of the underlying
SUD, or (4) drug interaction between ADHD medications
and substances of abuse.®’ It remains to be seen if higher
rates of stimulant abuse occur in clinical practice of the
treatment of ADHD in adolescents and adults with SUD.
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Table 1. Risk Factors for Stimulant Misuse and Diversion

Conduct disorder

Substance use disorder

Use of immediate-release stimulant
Male gender

Caucasian race

Member of fraternity or sorority

Although all of the studies reviewed show evidence for
the misuse and diversion of stimulants, clinicians should
be aware that not all stimulant-treated ADHD patients di-
vert or misuse their medications. Table 1 summarizes risk
factors for misuse and diversion. When working with high-
risk patients, clinicians should discuss the potential for
misuse and diversion of stimulants either with parents or,
for adolescents and adults, with the patients themselves.
Clinicians need to be particularly vigilant in discussing and
monitoring adolescents and young adults with ADHD and
conduct or substance use disorders for the appropriate use
of medications. Such monitoring may include questioning,
specifically about appropriate use or misuse of the medica-
tion, as well as potential diversion of the medicine, and ob-
serving that pill counts are accurate. For patients who have
many risk factors, particularly conduct disorder and SUDs,
use of a nonstimulant alternative should be considered.

ARE LONG-ACTING STIMULANTS LESS LIKELY
TO BE MISUSED OR DIVERTED COMPARED
WITH IMMEDIATE-RELEASE STIMULANTS?

There are both empirical and theoretical reasons to
suggest that long-acting stimulants are less likely to be
misused or diverted compared with immediate release
stimulants. In Wilens and colleagues’59 work, all of the
medications misused or diverted were the immediate-
release preparations of stimulants. Similarly, Jaffe®* ob-
served that extended-release psychostimulants were unsuc-
cessfully misused in a group of adolescents with ADHD
and SUD. Kollins et al.®* compared the acute behavioral
effects of orally administered sustained-release methyl-
phenidate, immediate-release methylphenidate, and pla-
cebo in 10 healthy volunteers. The immediate-release for-
mulation produced stimulant-like drug effects, such as
increased ratings of “good effects,” that were dose depen-
dent. In contrast, the sustained-release formulation pro-
duced only transient effects on these measures. The authors
concluded that the abuse potential of immediate-release
methylphenidate may be greater than that of sustained-
release methylphenidate.

That immediate-release compared to extended-release
stimulants may have more liability for misuse or diversion
in naturalistic samples parallels basic research highlighting
the vital importance on route of administration on the
brain (striatal) kinetics and euphorigenic properties of the
agent.** For example, differences in the pharmacokinetics
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and euphorigenic properties of methylphenidate exist for
intranasal,” oral,®*® and intravenous®**® administration.
Additionally, recent research indicates important dif-
ferences in brain imaging/dopamine transporter occupan-
cies when comparing extended- and immediate-release
methylphenidate.”*® Compared to 40 mg of immediate-
release methylphenidate, 90 mg of osmotic release oral
system (OROS) methylphenidate had a less steep dopa-
mine transporter occupancy curve, lower saturation of the
dopamine transporter, and a prolonged time of dopamine
transporter occupancy. Similarly, in these blinded, non—
drug-abusing subjects without ADHD, lower “feeling the
effect” and “liking the effect” of the drug was noted with
OROS methylphenidate compared to immediate-release
methylphenidate. Given the difficulties in extracting
methylphenidate or amphetamine from beaded or osmotic
extended-release preparations, these stimulant formula-
tions may be less frequently misused and abused than
immediate-release forms. Not only do the osmotic/beaded
systems prevent the immediate extraction of the active
compound, but the mechanisms of release may translate
into different effects at the dopamine transporter,®”*® the
major receptor affected by this class of agents.®”"!

To better understand how the time course of methyl-
phenidate administration affects clinical outcomes, sev-
eral groups have examined the possibility that methyl-
phenidate leads to tachyphylaxis or acute tolerance. Due
to tachyphylaxis, methylphenidate concentrations mea-
sured soon after an initial dose cause a greater pharmaco-
dynamic effect than concentrations present at a later time.
This manifests itself in a clockwise hysteresis in the
plasma concentration-effect relationship. This acute toler-
ance shows no carryover to the next day.

In vivo neuroimaging studies by Volkow et al.”
showed that methylphenidate exerts its pharmacodynamic
effects by binding to dopamine transporters, most of
which are located in striatum. This increases dopamine
levels® and is believed to counteract the excess of dopa-
mine transporter activity observed in some neuroimaging
studies of ADHD patients.”*”

In 2 studies, Aoyama et al.”*” studied the effects of
methylphenidate on dopamine concentrations in rat stria-
tum following intravenous administration of methyl-
phenidate. Both studies reported clockwise hysteresis for
the effects of methylphenidate on dopamine release in
striatum. At early time points, increasing methylphenidate
in striatum led to higher dopamine levels, but at later time
points the same methylphenidate concentrations led to
lower dopamine levels.

Volkow et al.”® used positron emission tomography to
study the pharmacokinetics and pharmacodynamics of in-
travenous methylphenidate in the human brain. This work
tracked the distribution of radioactively labeled methyl-
phenidate ([11C]methylphenidate) in the brain over time.
The uptake of [11C]methylphenidate in striatum was very
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fast, with peak concentrations occurring within 10 minutes.
Clearance was relatively slow (T1/2 = 90 minutes). While
they were being imaged, subjects rated the degree to which
they felt “high,” a “rush,” or “restlessness.” These ratings
were positively correlated with the initial uptake in stria-
tum, but, consistent with tachyphylaxis, the ratings subse-
quently returned to baseline even though striatum showed
the presence of substantial concentrations of methylpheni-
date.”® The authors concluded that there was rapid toler-
ance to the behavioral effects of intravenous methylpheni-
date. Hence, a picture is emerging in which the method
of administration and the mechanism of release of the
stimulants are related to the abuse liability of the stimu-
lants. While intravenous and intranasal stimulant adminis-
tration pose the highest risk for abuse, oral administration
of extended-release stimulants appears to be associated
with the lowest abuse liability.

A new long-acting stimulant approved in February of
2007 by the U.S. Food and Drug Administration is lis-
dexamfetamine dimesylate. Lisdexamfetamine is a prodrug
in which d-amphetamine is covalently bonded to L-lysine,
an essential amino acid. Following rate-limiting hydrolysis
of the bond, the pharmacologically active d-amphetamine
molecule is released. This technology leads to several ad-
vantages as regards abusability. When intranasally or intra-
venously administered to rats,” lisdexamfetamine leads to
minimal blood levels of d-amphetamine. When lisdex-
amfetamine is given orally to humans, the rise in blood
level is less steep than the rise for immediate-release
d-amphetamine,”” which may explain why lisdexamfet-
amine leads to lower likeability scores than d-amphetamine
at equivalent base d-amphetamine doses.”

WHAT CAUSES THE ASSOCIATION BETWEEN
ADHD AND SUBSTANCE USE DISORDERS?

Our review has shown that ADHD appears to be a risk
factor for SUDs and that this link cannot be accounted for
by prior use of stimulant medication. What, then, explains
the link between ADHD and SUD? As noted above, one
simple explanation is that ADHD symptoms, particularly
impulsivity, lead to greater SUD exposure and use, which
would increase the risk for SUDs. Self-medication remains
a major consideration. Wilens et al.> examined if ADHD
individuals were “self-medicating” with cigarettes, alcohol,
or other substances of abuse. As part of a 5- and 10-year
longitudinal controlled study in 90 subjects with ADHD and
96 controls (mean = SD age; 19.7+2.7 and 19.2 2.7
years; 58% male and 52% male; respectively, p values NS),
they examined responses on the Drug Use Severity Index
for evidence of self-medication. Across all groups, 36% of
subjects reported using for self-medication to aid sleep
(3%) or change mood (33%), 25% to get high, and 39%
had other or unknown motivation for use. There were no
differences between ADHD and controls in their motivation
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to use the various substances. Interestingly, ADHD symp-
toms did not differ between ADHD individuals who self-
medicated and those who used medications to get high.
Hence, evidence of self-medication clearly exists, although
such evidence did not differ by ADHD status.

It is also possible that ADHD and SUDs share biologi-
cal risk factors. We know from family studies that there is
a strong familial association between ADHD and SUD,*%!
which suggests that the 2 disorders may share genetic or
other familial risk factors. The offspring of substance-
abusing parents are at increased risk not only for SUDs,
but also for inattention, impulsivity, aggressiveness, hy-
peractivity, and ADHD.* Wilens et al.® studied the chil-
dren of opioid-dependent parents. These children had
Child Behavior Checklist scores consistent with the diag-
noses of ADHD and conduct disorder. Earls et al.** found
an elevated risk for ADHD in the children of alcoholics but
not a matched control group. Roizen et al.%* compared chil-
dren with developmental disabilities to those with ADHD.
The ADHD youth were significantly more likely to have a
parent with alcoholism or other drug abuse, ADHD, learn-
ing disabilities, depression, and delinquency. Two commu-
nity-based epidemiologic studies are consistent with these
findings. Zucker and Noll*® and Rubio-Stipec et al.*’” found
more evidence of ADHD symptoms in children of parents
with an SUD compared to parents without an SUD. A
high-risk study found that the risk for ADHD in children of
parents with SUD was elevated relative to controls.®

Family studies of ADHD also document a familial asso-
ciation between ADHD and SUDs, especially in the family
members of children with ADHD. Both Morrison and
Stewart® and Cantwell” reported elevated rates of sub-
stance use in parents and second-degree relatives of chil-
dren with ADHD. These findings were consistent with a
subsequent report in which higher rates of alcoholism
were found in the adult siblings of adult ADHD probands
compared to the siblings of psychiatric controls.”’ Similar
findings have been seen in 2 large double-blind family-
genetic studies of ADHD including female and male pro-
bands®'*? in which we reported higher rates of SUD in the
relatives of ADHD probands. Taken together, these find-
ings suggest that ADHD and SUDs may share familial
causes. This idea is consistent with our preliminary work
showing a risk for SUDs that was similar among the rela-
tives of ADHD probands with and without SUDs and that
was significantly higher than the risk to relatives of normal
control children.”

In summary, ADHD is a risk factor for SUD, and that
risk is higher in those with comorbid mood and conduct
disorders. Self-medication, family history, and environ-
mental mediators appear to influence that risk in youth
with ADHD. Treatment of ADHD appears to reduce the
risk for SUD. While most patients with ADHD use their
medication appropriately, a growing literature indicates
substantial misuse, abuse, and diversion of the medication
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to non-ADHD subjects, particularly older adolescents and
young adults. Recent findings derived from basic and
clinical work suggest that extended-release preparations
of stimulants may result in less abuse and diversion.

Drug names: atomoxetine (Strattera), bupropion (Wellbutrin and
others), lisdexamfetamine (Vyvanse), methylphenidate (Daytrana
and others), modafinil (Provigil).

Disclosure of off-label usage: The authors have determined that, to the
best of their knowledge, bupropion and modafinil are not approved by
the U.S. Food and Drug Administration for the treatment of attention-

deficit/hyperactivity disorder.

REFERENCES

. Wilens T. ADHD and the substance use disorders: the nature of the

relationship, who is at risk, and treatment issues. Prim Psychiatry
2004;11:63-70

. Khantzian EJ. The self-medication hypothesis of substance use disorders:

a reconsideration and recent applications. Harv Rev Psychiatry 1997;4:
231-244

. Wilens T, Adamson J, Sgambati S, et al. Do individuals with ADHD

self medicate with cigarettes and substances of abuse? results from a
controlled family study of ADHD. Am J Addict. In press

. Rezvani AH, Levin ED. Cognitive effects of nicotine. Biol Psychiatry

2001;49:258-267

. Mannuzza S, Gittelman-Klein R, Horowitz-Konig P, et al. Hyperactive

boys almost grown up, 4: criminality and its relationship to psychiatric
status. Arch Gen Psychiatry 1989;46:1073-1079

. Mannuzza S, Klein RG, Bessler A, et al. Adult outcome of hyperactive

boys: educational achievement, occupational rank, and psychiatric status.
Arch Gen Psychiatry 1993;50:565-576

. Biederman J, Wilens T, Mick E, et al. Is ADHD a risk factor for psycho-

active substance use disorders? findings from a four year prospective
follow-up study. J Am Acad Child Adolesc Psychiatry 1997;36:21-29

. Molina B, Pelham W. Childhood predictors of adolescent substance

use in a longitudinal study of children with ADHD. J Abnorm Psychol
2003;112:497-507

. Satterfield JH, Hoppe CM, Schell AM. A prospective study of delin-

quency in 110 adolescent boys with attention deficit disorder and 88
normal adolescent boys. Am J Psychiatry 1982;139:795-798

. Katusic SK, Barbaresi WJ, Colligan RC, et al. Substance abuse among

ADHD cases: a population-based birth cohort study. Presented at the
annual meeting of the Pediatric Academic Societies; May 3-6, 2003;
Seattle, Wash

. Tarter RE, Edwards K. Psychological factors associated with the risk for

alcoholism. Alcohol Clin Exp Res 1988;12:471-480

. Brook JS, Cohen P, Brook DW. Longitudinal study of co-occurring psy-

chiatric disorders and substance use. J Am Acad Child Adolesc Psychiatry
1998;37:322-330

. Kellam SG, Ensminger ME, Simon MB. Mental health in first grade and

teenage drug, alcohol, and cigarette use. Drug Alcohol Depend 1980;5:
273-304

. Glantz M, Pickens R. Vulnerability to Drug Abuse. Washington, DC:

American Psychological Press; 1992

. Biederman J, Wilens T, Mick E, et al. Psychoactive substance use disorder

in adults with attention deficit hyperactivity disorder: effects of ADHD
and psychiatric comorbidity. Am J Psychiatry 1995;152:1652—-1658

. Volkow ND, Fowler JS, Wang G, et al. Mechanism of action of methyl-

phenidate: insights from PET imaging studies. J Atten Disord 2002;6:
S31-S43

. Volkow ND, Wang G, Fowler JS, et al. Therapeutic doses of oral methyl-

phenidate significantly increase extracellular dopamine in the human
brain. J Neurosci 2001;21:RC121

. Greenhill LL, Pliszka S, Dulcan MK, et al. Summary of the practice

parameter for the use of stimulant medications in the treatment of chil-
dren, adolescents, and adults. ] Am Acad Child Adolesc Psychiatry
2001;40:1352-1355

. Spencer T, Biederman J, Wilens T. Pharmacotherapy of attention deficit

hyperactivity disorder. Child Adolesc Psychiatr Clin North Am 2000;9:
7797

J-Clin Psychiatry 2007;68 (suppl 11)

21.

22.

23.

24.

25.

26.

27.

28.

29.

40.

41.

42.

43.

Effect of Stimulants on Substance Use Disorders

. Greenhill LL, Findling RL, Swanson JM. ADHD Study Group. A double-

blind, placebo-controlled study of modified-release methylphenidate in
children with attention-deficit/hyperactivity disorder. Pediatrics
2002;109:E39

Wolraich M, Greenhill LL, Pelham W, et al. Randomized controlled

trial of OROS methylphenidate QD in children with attention deficit/
hyperactivity disorder. Pediatrics 2001;108:883-892

Biederman J, Lopez FA, Boellner SW, et al. A randomized, double-blind,
placebo-controlled, parallel-group study of S1i381 in children with atten-
tion deficit hyperactivity disorder. Pediatrics 2002;110:258-266

Spencer T, Biederman J, Coffey B, et al. A double-blind comparison of
desipramine and placebo in children and adolescents with chronic tic dis-
order and comorbid attention-deficit/hyperactivity disorder. Arch Gen
Psychiatry 2002;59:649-656

Wilens TE, Biederman J, Baldessarini RJ, et al. Cardiovascular effects of
therapeutic doses of tricyclic antidepressants in children and adolescents.
J Am Acad Child Adolesc Psychiatry 1996;35:1491-1501

Biederman J, Baldessarini RJ, Wright V, et al. A double-blind placebo
controlled study of desipramine in the treatment of ADD, 1: efficacy.

J Am Acad Child Adolesc Psychiatry 1989;28:777-784

Conners CK, Casat CD, Gualtieri CT, et al. Bupropion hydrochloride in
attention deficit disorder with hyperactivity. J Am Acad Child Adolesc
Psychiatry 1996;35:1314-1321

Casat CD, Pleasants DZ, Schroeder DH, et al. Bupropion in children
with attention deficit disorder. Psychopharmacol Bull 1989;25:198-201
Casat CD, Pleasants DZ, Van Wyck Fleet J. A double-blind trial of
bupropion in children with attention deficit disorder. Psychopharmacol
Bull 1987;23:120-122

Taylor FB, Russo J. Efficacy of modafinil compared to dextroamphet-
amine for the treatment of attention deficit hyperactivity disorder in adults.
J Child Adolesc Psychopharmacol 2000;10:311-320

. Rugino TA, Copley TC. Effects of modafinil in children with attention-

deficit/hyperactivity disorder: an open-label study. J Am Acad Child
Adolesc Psychiatry 2001;40:230-235

. Ernst M. MAOI treatment of adult ADHD. In: Program and Abstracts

of the NIMH Conference on Alternative Pharmacology of ADHD;
1996; Washington, DC

. Shekim WO, Davis LG, Bylund DB, et al. Platelet MAO in children with

attention deficit disorder and hyperactivity: a pilot study. Am J Psychiatry
1982;139:936-938

. Spencer T, Biederman J. Non-stimulant treatment for attention-deficit/

hyperactivity disorder. J Atten Disord 2002;6:S109-S119

. Michelson D, Faries D, Wernicke J, et al. Atomoxetine in the treatment

of children and adolescents with attention-deficit/hyperactivity disorder:
a randomized, placebo-controlled, dose-response study. Pediatrics 2001;
108:E83

. Michelson D, Adler L, Spencer T, et al. Atomoxetine in adults with

ADHD: two randomized, placebo-controlled studies. Biol Psychiatry
2003;53:112-120

. Faraone SV, Spencer T, Aleardi M, et al. Meta-analysis of the efficacy of

methylphenidate for treating adult attention-deficit/hyperactivity disorder.
J Clin Psychopharmacol 2004;24:24-29

. Faraone SV. Understanding the effect size of ADHD medications: implica-

tions for clinical care. Medscape Psychiatry & Mental Health 2003;8:1-6

. Faraone SV, Biederman J, Spencer TJ, et al. Comparing the efficacy of

medications for ADHD using meta-analysis. Medscape General Medicine
E Journal 2006;8:1-5

. Wigal SB, Wigal TL, McGough JJ, et al. A laboratory school comparison

of mixed amphetamine salts extended release (Adderall XR) and
atomoxetine (Strattera) in school-aged children with attention deficit/
hyperactivity disorder. J Atten Disord 2005;9:275-289

Faraone SV, Wigal S, Hodgkins P. Forecasting three-month outcomes in
a laboratory school comparison of mixed amphetamine salts extended re-
lease (Adderall XR) and atomoxetine (Strattera) in school-aged children
with attention-deficit/hyperactivity disorder. J Atten Disord. In press
Banaschewski T, Coghill D, Santosh P, et al. Long-acting medications for
the hyperkinetic disorders: a systematic review and European treatment
guideline. Eur Child Adolesc Psychiatry 2006;15:476-495

Wilens T, Faraone SV, Biederman J, et al. Does stimulant therapy of
attention-deficit/hyperactivity disorder beget later substance abuse?

a meta-analytic review of the literature. Pediatrics 2003;111:179-185
Faraone SV, Wilens T. Does stimulant treatment lead to substance use
disorders? J Clin Psychiatry 2003;64(suppl 11):9-13

. Faraone SV, Biederman J, Wilens TE, et al. A naturalistic study of the

21



Faraone and Wilens

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

64.

65.

66.

67.

68.

69.

22

effects of pharmacotherapy on substance use disorders among ADHD
adults. Psychol Med. In press

Sagvolden T, Russell VA, Aase H, et al. Rodent models of attention-
deficit/hyperactivity disorder. Biol Psychiatry 2005;57:1239-1247
Augustyniak PN, Kourrich S, Rezazadeh SM, et al. Differential
behavioral and neurochemical effects of cocaine after early exposure to
methylphenidate in an animal model of attention deficit hyperactivity
disorder. Behav Brain Res 2006;167:379-382

Musser CJ, Ahmann PA, Theye FW, et al. Stimulant use and potential for
abuse in Wisconsin as reported by school administrators and longitudi-
nally followed children. J Dev Behav Pediatrics 1998;19:187-192
Marsh LD, Kay JD, Payne TP. Methylphenidate misuse in substance
abusing adolescents. J Child Adolesc Subst Abuse 2000;9:1-14

Poulin C. Medical and nonmedical stimulant use among adolescents:
from sanctioned to unsanctioned use. CMAJ 2001;165:1039-1044

Drug Enforcement Administration. Methylphenidate Review Document.
Washington, DC: Office of Diversion Control, Drug and Chemical Evalu-
ation Section; 1995

Low KG, Gendaszek AE. Illicit use of psychostimulants among college
students: a preliminary study. Psychol Health Med 2002;7:283-287
Teter CJ, McCabe SE, Boyd CJ, et al. Illicit methylphenidate use in an
undergraduate student sample: prevalence and risk factors. Pharmaco-
therapy 2003;23:609-617

McCabe SE, Teter CJ, Boyd CJ. The use, misuse and diversion of pre-
scription stimulants among middle and high school students. Subst

Use Misuse 2004;39:1095-1116

McCabe SE, Knight JR, Teter CJ, et al. Non-medical use of prescription
stimulants among US college students: prevalence and correlates from a
national survey. Addiction 2005;100:96-106

McCabe SE, Teter CJ, Boyd CJ. Medical use, illicit use and diversion of
prescription stimulant medication. J Psychoactive Drugs 2006;38:43-56
Teter CJ, McCabe SE, Cranford JA, et al. Prevalence and motives for
illicit use of prescription stimulants in an undergraduate student sample.
J Am Coll Health 2005;53:253-262

Teter CJ, McCabe SE, Lagrange K, et al. Illicit use of specific prescription
stimulants among college students: prevalence, motives, and routes of
administration. Pharmacotherapy 2006;26:1501-1510

‘White BP, Becker-Blease KA, Grace-Bishop K. Stimulant medication
use, misuse, and abuse in an undergraduate and graduate student sample.
J Am Coll Health 2006;54:261-268

Wilens T, Gignac M, Swezey A, et al. Characteristics of adolescents and
young adults with ADHD who divert or misuse their prescribed medica-
tions. J Am Acad Child Adolesc Psychiatry 2006;45:408—414

Kroutil LA, Van Brunt DL, Herman-Stahl MA, et al. Nonmedical use of
prescription stimulants in the United States. Drug Alcohol Depend 2006;
84:135-143

Wilens T, Monuteaux M, Snyder L, et al. The clinical dilemma of using
medications in substance abusing adolescents and adults with ADHD:
what does the literature tell us? J Child Adolesc Psychopharmacol 2005;
15:787-798

Jaffe SL. Failed attempts at intranasal abuse of Concerta. J Am Acad
Child Adolesc Psychiatry 2002;41:5

. Kollins SH, Rush CR, Pazzaglia PJ, et al. Comparison of acute behavioral

effects of sustained-release and immediate-release methylphenidate.

Exp Clin Psychopharmacol 1998;6:367-374

Volkow ND, Swanson JM. Variables that affect the clinical use and abuse
of methylphenidate in the treatment of ADHD. Am J Psychiatry 2003;
160:1909-1918

Stoops WW, Glaser PE, Rush CR. Reinforcing, subject-rated, and physi-
ological effects of intranasal methylphenidate in humans: a dose-response
analysis. Drug Alcohol Depend 2003;71:179-186

Markowitz JS, Straughn AB, Patrick KS. Advances in the pharmaco-
therapy of attention-deficit-hyperactivity disorder: focus on
methylphenidate formulations. Pharmacotherapy 2003;23:1281-1299
Spencer T, Biederman J, Ciccone P, et al. A PET study examining pharma-
cokinetics, detection and likeability, and dopamine transporter receptor
occupancy of short and long-acting orally administered formulations of
methylphenidate in adults. Am J Psychiatry 2006;163:387-395

Spencer T, Rosenbaum J, Fischman AJ, et al. A PET study examining
pharmacokinetics, likability, and dopamine transporter receptor occu-
pancy of methylphenidate formulations in adults. Presented at the 43rd
annual meeting of the American College of Neuropsychopharmacology;
Dec 12-16, 2004; San Juan, Puerto Rico

Volkow ND, Ding YS, Fowler JS, et al. Is methylphenidate like cocaine?

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

93.

studies on their pharmacokinetics and distribution in the human brain.
Arch Gen Psychiatry 1995;52:456-463

Volkow N, Wang G, Fowler J, et al. Dopamine transporter occupancies in
the human brain induced by therapeutic doses of oral methylphenidate.
Am J Psychiatry 1998;155:1325-1331

Volkow ND, Wang GJ, Fowler JS, et al. Relationship between blockade
of dopamine transporters by oral methylphenidate and the increases in
extracellular dopamine: therapeutic implications. Synapse 2002;43:
181-187

Dougherty DD, Bonab AA, Spencer TJ, et al. Dopamine transporter den-
sity is elevated in patients with ADHD. Lancet 1999;354:2132-2133
Krause K, Dresel SH, Krause J, et al. Increased striatal dopamine trans-
porter in adult patients with attention deficit hyperactivity disorder: effects
of methylphenidate as measured by single photon emission computed
tomography. Neurosci Lett 2000;285:107-110

Aoyama T, Kotaki H, Sawada Y, et al. Pharmacokinetics and pharmacody-
namics of methylphenidate enantiomers in rats. Psychopharmacology
(Berl) 1996;127:117-122

Aoyama T, Yamamoto K, Kotaki H, et al. Pharmacodynamic modeling
for change of locomotor activity by methylphenidate in rats. Pharm Res
1997;14:1601-1606

Volkow ND, Wang GJ, Gatley SJ, et al. Temporal relationships between
the pharmacokinetics of methylphenidate in the human brain and its
behavioral and cardiovascular effects. Psychopharmacology (Berl)
1996;123:26-33

Boyle L, Moncrief S, Krishnan S. Pharmacokinetics of NRP 104
(lisdexamfetamine dimesylate) following administration of a single intra-
nasal, intravenous, or oral dose in rate [poster]. Presented at the 46th
annual New Clinical Drug Evaluation Unit Meeting; June 14, 2006;
Boca Raton, Fla

Jasinski J, Krishnan S. Abuse liability of intravenous lisdexamfetamine
dimesylate (LDX; NRP104) [poster]. Presented at the 19th annual Psychi-
atric and Mental Health Congress; November 17, 2006; New Orleans, La
Jasinski D, Krishnan S. A double-blind, randomized, placebo- and active-
controlled, 6-period crossover study to evaluate the likability, safety, and
abuse potential of lisdexamfetamine dimesylate (LDX) in adult stimulant
abusers [poster]. Presented at the 19th Psychiatric and Mental Health
Congress; November 18, 2006; New Orleans, La

Morrison JR. Adult psychiatric disorders in parents of hyperactive
children. Am J Psychiatry 1980;137:825-827

Faraone SV, Biederman J, Keenan K, et al. A family-genetic study of
girls with DSM-III attention deficit disorder. Am J Psychiatry 1991;148:
112-117

Steinhausen HC, Nestler V, Huth H. Psychopathology and mental func-
tions in the offspring of alcoholic and epileptic mothers. J Am Acad Child
Psychiatry 1982;21:268-273

Wilens TE, Biederman J, Kiely K, et al. Pilot study of behavioral and
emotional disturbances in the high-risk children of parents with opioid
dependence. J] Am Acad Child Adolesc Psychiatry 1995;34:779-785
Earls F, Reich W, Jung KG, et al. Psychopathology in children of alco-
holic and antisocial parents. Alcohol Clin Exp Res 1988;12:481-487
Roizen NJ, Blondis TA, Irwin M, et al. Psychiatric and developmental
disorders in families of children with attention-deficit hyperactivity disor-
der. Arch Pediatr Adolesc Med 1996;150:203-208

Zucker RA, Noll RB. The interaction of child and environment in the
early development of drug involvement: a far ranging review and a
planned very early intervention. Drugs Soc 1987;2:57-97

Rubio-Stipec M, Bird H, Canino G, et al. Children of alcoholic parents in
the community. J Stud Alcohol 1991;52:78-88

Wilens T, Hahesy A, Biederman J, et al. Influence of parental SUD and
ADHD on ADHD in their offspring: preliminary results from a pilot
controlled family study. Am J Addict 2005;14:179-187

Morrison JR, Stewart MA. A family study of the hyperactive child
syndrome. Biol Psychiatry 1971;3:189-195

Cantwell DP. Psychiatric illness in the families of hyperactive children.
Arch Gen Psychiatry 1972;27:414-417

Manshadi M, Lippmann S, O’Daniel RG, et al. Alcohol abuse and
attention deficit disorder. J Clin Psychiatry 1983;44:379-380

. Faraone SV, Biederman J, Mick E, et al. Family study of girls with atten-

tion deficit hyperactivity disorder. Am J Psychiatry 2000;157:1077-1083
Milberger S, Faraone SV, Biederman J, et al. Familial risk analysis of
the association between attention-deficit/hyperactivity disorder and
psychoactive substance use disorders. Arch Pediatr Adolesc Med
1998;152:945-951

J Clin Psychiatry 2007;68 (suppl 11)



	Table of Contents

