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Objective Although attention-deficit hyperactivity disorder (ADHD) is a well-known risk factor for cigarette smok-
ing, prospective studies aimed at reducing smoking risk in this population are critically needed.
Study design This was a 2-year, prospective, open-label clinical trial of extended-release methylphenidate for
smoking prevention in adolescents with ADHD (n = 154). Smoking outcomes were assessed with the Fagerstrom
Tolerance Questionnaire. Comparisons were made using data from a historical, naturalistic sample of ADHD
(n = 103) and non-ADHD comparators (n = 188) of similar age and sex assessed with the same assessment battery
as that used in subjects participating in the clinical trial.
Results The smoking rate at endpoint (mean, 10 months of methylphenidate treatment) was low in the clinical trial
subjects and not significantly different from that in the non-ADHD comparators or the ADHD comparators receiving
stimulants naturalistically (7.1% vs 8.0% vs 10.9%; P > .20). In contrast, the smoking rate was significantly lower in
the clinical trial subjects than in the naturalistic sample of ADHD comparators who were not receiving stimulant
treatment (7.1% vs 19.6%; P = .009 [not significant], adjusting for comorbid conduct disorder and alcohol and
drug abuse).
Conclusion Although considered preliminary until replicated in future randomized clinical trials, the findings from
this single-site, open-label study suggest that stimulant treatment may contribute to a decreased risk for smoking
in adolescents with ADHD. If confirmed, this finding would have significant clinical and public health impacts.
(J Pediatr 2013;162:22-7).

B
ecause the majority of smokers begin in adolescence, cigarette smoking is considered a pediatric disease.1,2 Approxi-
mately 4000 US youths try their first cigarette each day.3 This rate is particularly concerning given contemporary
models of nicotine dependence in youth that show symptoms of addiction within 1 month after first cigarette use,

even in the context of nondaily use.4

One well-documented risk factor for cigarette smoking and nicotine dependence is attention-deficit hyperactivity disorder
(ADHD). A disproportionately large number of individuals with ADHD smoke, and those that do have earlier initiation of
smoking, a greater risk of rapid progression to regular smoking, and greater difficulty quitting smoking compared with their
non-ADHD counterparts.5-7 Consistent with these findings, the National Comorbidity Survey Replication study found that
among psychiatric disorders, childhood externalizing disorders (principally ADHD) were most strongly predictive of nicotine
use and dependence in young adulthood.8 Estimated smoking rates in adolescents with ADHD are variable,7,9 to an approx-
imate doubling of the population rate.3

Drug treatment for ADHDmay result in reduced impulsive experimentation with cigarettes or in unhealthy attempts at self-
medication.9,10 However, an alternate hypothesis is that stimulants may actually increase the risk of smoking owing to a putative
sensitization of the dopamine system, leading to heightened reinforcing effects of nicotine.11,12

In a previous attempt to address smoking prevention in adolescents with ADHD, Monuteaux et al13 conducted a double-
blind randomized clinical trial of bupropion hydrochloride (an adult smoking cessation aid) in ADHD youth who were allowed
to receive concomitant open-label treatment with stimulant medication, thereby not compromising the treatment of ADHD
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not receive stimulants, the effect of nonpharmacologic fac-
tors (ie, positive psychosocial and familial factors) could
not be ruled out.

The main aim of the present study was to assess the ef-
fects of rigorous, long-term stimulant treatment on smok-
ing rates in adolescents with ADHD. Although a long-term
randomized, double-blind, placebo-controlled study would
be ideal for evaluating this issue, such a study might not
be feasible or ethical because it would deprive ADHD
youth of effective treatment for a highly morbid disorder
during a critical developmental period. Therefore, we con-
ducted a long-term (2 years) open-label clinical trial of
extended-release methylphenidate (OROS MPH) in a large
sample of adolescents with ADHD (as defined in the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition [DSM-IV]), and compared smoking outcomes
with those derived from an opportunistic, naturalistic
Figure 1. Clinical trial flowchart. *Based upon N = 14 completed e
length of OROS MPH treatment for the sample = 10 months.
sample of youth of similar age and sex with and without
ADHD who received the same assessment measures. Our
primary hypothesis was that long-term OROS MPH treat-
ment would be associated with lower rates of cigarette
smoking in ADHD youth participating in the clinical trial
compared with untreated ADHD comparators and non-
ADHD controls.

Methods

Clinical trial subjects were ascertained from clinical referrals
and advertisements in the local media (Figure 1). Eligible
subjects, aged 12-17 years, met the diagnostic criteria for
DSM-IV ADHD as determined by a clinical interview with
a child and adolescent psychiatrist with expertise in
ADHD. Subjects with clinically significant or unstable
medical or psychiatric comorbidities based on this clinical
valuation and laboratories before ending participation. **Mean
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evaluation were excluded. We decided a priori to not exclude
current cigarette smokers, feeling that excluding these cases
would limit the generalizability of our findings in part by
selecting a sample with less severe ADHD at lower risk for
smoking.

The psychiatrist evaluationwas supplemented with a struc-
tured diagnostic interview (Schedule for Affective Disorders
and Schizophrenia for School-Aged Children) that included
a DSM-IV-based module inquiring about frequency of ciga-
rette use and problems associated with smoking. Previous
pharmacotherapy for ADHD was discontinued during the
evaluation process, before starting study medication at base-
line. A group of subjects (n = 25) judged by the evaluating
psychiatrist to be responders to OROS MPH, as defined by
a Clinical Global Impression Improvement score of 1 or 2
(ie, much or very much improved), entered the study already
on OROS MPH. Informed consent was ascertained from
a parent/guardian, and assent was obtained from each sub-
ject. Subjects were compensated for study visits completed.
The study was approved byMassachusetts General Hospital’s
Institutional Review Board and registered with ClinicalTrials.
gov (NCT00181714). Subjects were active between 2004
and 2011.

After evaluation and baseline assessments, study physi-
cians prescribed OROS MPH under open-label conditions.
Subjects were followed on a weekly basis for 6 weeks, then
monthly thereafter for up to 24 months. Daily doses were
clinically adjusted during the 6-week acute phase in incre-
ments of 9-18 mg/day (maximum, 1.5 mg/kg/day, or
126 mg/day), according to tolerability and efficacy, based
on physician interview of subject and parent/guardian.
Mean OROS MPH exposure for the sample was 10 months
(endpoint), with a mean OROS MPH daily dose at study
endpoint of 61 � 25 mg (0.97 � 0.36 mg/kg/day). The
mean clinician-rated ADHD rating scale score of 27 � 10
at baseline decreased significantly, to 11 � 9.0 at endpoint
(t = 18; P < .01). There were no serious adverse effects re-
lated to the study medication; observed adverse effects were
consistent with the well-documented safety profile of
OROS-MPH. (Detailed information on adverse effects is
available on request.) Early dropouts (ie, before the mean
follow-up time of 10 months) were significantly more likely
to be female (34% vs 15%; P = .01) and older (14.9 years vs
13.6 years at baseline; P < .001). However, early dropout
was not associated with baseline multiple anxiety disorders,
major depression, bipolar disorder, oppositional defiant
disorder, conduct disorder, or any substance use disorder
(all P > .20).

Comparator Subjects
The comparator samples consisted of opportunistic samples
of youth of similar age and sex with and without ADHD,
from naturalistic longitudinal studies of youth with and
without ADHD.14-16 As for the clinical trial subjects, diagno-
sis was based on structured diagnostic psychiatric interviews
(using the Schedule for Affective Disorders and Schizophre-
nia for School-Aged Children), including a DSM-IV-based
24
module inquiring about frequency of cigarette use, and prob-
lems associated with its use. ADHD comparators were either
currently on medication (n = 46) or not on medication
(n = 57) at time of assessment. One-half (49%) of the
ADHD comparator group not currently on medication did
have a previous history of ADHD pharmacotherapy; the av-
erage time elapsed since last dose of medication for ADHD
was 2.6 years.

Smoking Assessment
Cigarette smoking was assessed by subject self-report using
a modified version of the Fagerstrom Tolerance Question-
naire (FTQ).17 The FTQ and modifications thereof offer
short, reliable, valid self-report measures of smoking be-
haviors (eg, cigarettes per day) and physiological depen-
dence to nicotine (eg, time to first cigarette after
awakening), with application in adolescent psychiatric
samples.18 Rates of smoking were determined from the ini-
tial question from the modified FTQ; “Do you currently
smoke (since the last visit)?” (yes/no). For the few
(n = 5) clinical trial subjects who did not complete the
FTQ at baseline, information on smoking obtained at
the same time point from the DSM-IV-based smoking
module was used. In addition, subjects in the clinical trial
also underwent urine assays for cotinine, the major metab-
olite of nicotine.

Data Analysis
Our primary hypothesis was that OROS MPH treatment
would be associated with a lower rate of cigarette smoking
in clinical trial subjects compared with untreated ADHD
comparators. The clinical trial subjects included in this anal-
ysis included those adolescents who took at least one dose of
OROS MPH after baseline assessment (n = 154), with the
last observation carried forward for subjects who did not
complete the full study schedule of 24 months (Figure 1).
The prevalence of current smoking at endpoint in the
clinical trial sample was compared with the prevalence of
current smoking in the comparator youth with and
without ADHD using the Pearson c2 test. Potential
confounders, such as IQ and psychiatric comorbidities,
were controlled for using multivariate logistic regression.
The McNemar c2 test and a Kaplan-Meier failure function
were used to estimate the rate of smoking initiation in
clinical trial subjects who were not smoking at baseline.
Although the Kaplan-Meier failure function accounts for
the censored data (ie, subjects who dropped out of the
study early), it assumes that early dropout is not related
to smoking outcome; thus, we conducted an analysis of
early dropouts (ie, before the mean follow-up time of
10 months).

Results

The majority of clinical trial and comparator subjects were
male and in mid-adolescence; mean age and sex frequency
did not differ meaningfully among the 3 groups (Table I).
Hammerness et al
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IQ was significantly higher in the historical comparators
compared with the clinical trial subjects. Although there
were no significant differences in rates of psychiatric
comorbidity between the clinical trial subjects and ADHD
comparators currently on medication, rates of comorbidity
with major depression, conduct disorder, and alcohol and
drug abuse were significantly lower in the clinical trial
subjects (Table I).

Smoking Outcomes: Clinical Trial Subjects versus
Comparators
The rate of current smoking (as assessed by the FTQ) in clin-
ical trial subjects was similar to the rate observed in non-
ADHD comparators and in ADHD comparators currently
on medication (7.1% vs 8.0% vs 10.9%; P > .20)
(Figure 2). In contrast, the rate of smoking in clinical trial
subjects was significantly lower than that in the ADHD
comparators currently not on medication (7.1% vs 19.6%;
P < .01). This latter finding remained significant when
controlling for IQ, anxiety disorders, major depression,
bipolar disorder, oppositional defiant disorder, alcohol
dependence, and drug dependence (all P < .05), but not
when controlling for conduct disorder and alcohol and
drug abuse (all P > .05). For the ADHD comparators
currently not on medication, past history of any ADHD
medication (vs never treated) did not significantly affect
the age of onset of first-time smoking or smoking rates.

Smoking Initiation. The rate of new onset of smoking was
low in clinical trial subjects as assessed by the FTQ self-report
(Table II) and urine cotinine measurements (Table III;
available at www.jpeds.com) at endpoint. There was no
single temporal pattern of smoking initiation in these
subjects throughout the study period. Owing to the
variable follow-up times, we used a Kaplan-Meier failure
function. At endpoint we found a smoking rate of 2.8% in
the 141 nonsmoking subjects entering the study; this rate
Table I. Characteristics of clinical trial subjects and compara

OROS MPH
clinical trial

subjects (n = 154)

ADHD comparators
currently receiving
medication (n = 46)

Age, years, mean � SD* 15.3 � 1.8 15.1 � 3.3
Male sex, n (%) 114 (74) 31 (67)
IQ score, mean � SD 102.1 � 11.8†,z 106.9 � 16.1
Psychiatric comorbidity, n (%)x

Multiple ($2) anxiety 21 (14)† 3 (7)
Major depression 7 (5){ 5 (11)
Bipolar disorder 5 (3)† 5 (11)†

Oppositional defiant disorder 40 (26)† 17 (40)†

Conduct disorder 2 (1){ 0 (0){

Alcohol abuse 1 (1){ 2 (4)
Alcohol dependence 0 (0) 0 (0)
Drug abuse 1 (1){ 1 (2)
Drug dependence 1 (1) 1 (2)

*Age at endpoint (clinical trial subjects); age at assessment (comparators).
†P < .05 vs non-ADHD comparators.
zP < .05 vs ADHD currently on medication comparators.
xCurrent, last month comorbidity according to structured diagnostic interview at baseline (clinical t
{P < .05 vs ADHD currently not on medication comparators.

Do Stimulants Reduce the Risk for Cigarette Smoking in Youth wit
A Prospective, Long-Term, Open-Label Study of Extended-Relea
was estimated to be 7.5% if all subjects completed the
2-year study.

Smoking Persistence. Of self-reported smokers (with
a positive FTQ at baseline and at endpoint), no quantitative
changes in patterns of smoking (ie, cigarettes per day, days
smoking per week) or symptoms of nicotine dependence
(eg, difficulty controlling use) were seen throughout the
study period. These subjects included intermittent smokers
as well as regular daily users, generally smoking less than
one-half of a pack per use.

Discussion

Results from this prospective, open-label, long-term clinical
trial of OROS MPH in adolescents with ADHD found that
treatment with OROS MPH (mean duration, 10 months)
was associated with a low rate of cigarette smoking, similar
to the rates seen in non-ADHD and treated ADHD compar-
ators and significantly lower than the rate seen in non-treated
ADHD comparators. Although this study is limited by its
open-label design, preliminary findings suggest that long-
term treatment with OROS MPH may contribute to a de-
crease in the risk for smoking in adolescents with ADHD.
If confirmed, this finding would have significant clinical
and public health relevance.
Our finding showing an association between treatment

with OROS MPH monotherapy and a low rate of smoking
is consistent with results from a previous prospective study
conducted by our group to assess the efficacy of bupropion
for smoking prevention in youth with ADHD receiving con-
comitant treatment with stimulants for ADHD.13 Although
results from that study failed to support a role for bupropion
in preventing smoking initiation, youth who were prescribed
a concomitant stimulant medication had a lower rate of
smoking initiation (hazard ratio, 0.2; 95% CI, 0.08-0.89;
z = �2.2; P = .03) and a lower rate of smoking continuation
tor subjects

ADHD comparators
currently not receiving
medication (n = 57)

Non-ADHD
comparators
(n = 188) Test, P value

16.1 � 3.2 15.4 � 2.6 F(3,441) = 1.88; P = .13
36 (63) 126 (67) c2(3) = 3.13; P = .37

105.7 � 15.3x 110.6 � 13.4 F(3,426) = 10.74; P < .01
Fisher exact test

6 (11)† 4 (2) P < .01
10 (18)† 7 (4) P < .01
4 (7)† 0 (0) P < .01
17 (30)† 9 (5) P < .01
6 (11)† 2 (1) P < .01
6 (11)† 6 (3) P < .01
1 (2) 2 (1) P = .38
5 (9)† 3 (2) P = .01
3 (5)† 0 (0) P < .01

rial subjects); at assessment (comparators).

h Attention-Deficit Hyperactivity Disorder?
se Methylphenidate
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Figure 2. Rates of current smoking onOROSMPHcompared
with non-ADHD and ADHD comparators. Omnibus test,
c2(1) = 8.29, P = .04.
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(hazard ratio, 0.3; 95% CI, 0.11-0.85; z =�2.3; P = .02). As in
the present study, the possible effect of nonpharmacologic
factors (ie, positive psychosocial and familial factors) on
smoking outcomes could not be ruled out.

The small number of smokers in the clinical trial limited
our ability to detect associations between smoking and other
variables. Nonetheless, we can speculate that stimulants
might exert a protective effect in part by reducing core symp-
toms of ADHD and associated comorbid disorders.19 Al-
though in this study the statistically significantly lower rate
of smoking in clinical trial subjects versus nontreated
ADHD comparators remained significant when controlling
for oppositional defiant disorder and alcohol and drug
dependence, it was no longer statistically significant when
controlling for conduct disorder and alcohol and drug abuse.
Therefore, observed smoking outcomes might have been
more related to between-group differences in these respective
comorbidities than to a protective effect of stimulant treat-
ment. More work is needed to further elucidate the contribu-
tions of comorbid disruptive disorders (ie, diagnoses and
symptoms of oppositional defiant disorder, conduct disor-
der) and alcohol and drug abuse on smoking in youth with
ADHD.9,10 In addition, future prospective studies should ex-
amine whether stimulant dose, formulation (ie, short- or
long-acting), response to treatment, or tolerability (eg, ad-
verse effect profile, cardiovascular changes) may influence
smoking outcomes in youth with ADHD.9,10,20

Given the open-label design of our trial, our results cannot
refute a theoretical association between ADHD medication
exposure and increased tobacco use.11,12 However, studies
testing this hypothesis have typically been conducted outside
Table II. Rates of current smoking before and after treatmen

Endpoint

Baseline

No current smoking

No current smoking 137 (89%) remain nonsmoking
Current smoking 4 (3%) start smoking

26
the context of ADHD, examining the impact of nontherapeu-
tic doses of immediate-release stimulants on smoking in
adult smokers12 and intravenous/intraperitoneal administra-
tion in animal models.21 Laboratory studies of oral OROS
MPH administration do not support behavioral sensitization
or cross-sensitization to nicotine, consistent with the docu-
mented importance of the speed (ie, slow speed with oral
administration vs high speed with nonoral) at which stimu-
lants reach the brain for abuse liability risk.22 Recent prospec-
tive studies23,24 and retrospective reports25,26 of adolescent
and adult smokers with ADHD have shown no increase in
cigarette use in the context of stimulant therapy. Yet, consis-
tent with other reports,23,24 examination of smoking trajecto-
ries in the few clinical trial subjects who smoked at baseline
revealed no decrease in cigarette use.
Strengths of this study include the long-term systematic

assessment of smoking outcomes in a large cohort of adoles-
cents with ADHD rigorously treated with OROS MPH. Our
results must be viewed in light of some methodological lim-
itations, however. The main limitation stems from the
study’s uncontrolled, open-label design. Thus, we cannot as-
sert a causal relationship between lower smoking rates and
OROSMPH administration. Although a long-term, random-
ized, double-blind, placebo-controlled study of stimulant
monotherapy would be ideal for evaluating this issue, such
an approach would be unfeasible and perhaps unethical
because it would deprive adolescents with ADHD of an effec-
tive treatment for a highly morbid disorder during a critical
developmental period. The only previous attempt to address
smoking prevention in adolescents with ADHD was the
placebo-controlled study by Monuteaux et al13 that tested
the efficacy of bupropion in ADHD youth receiving open-
label treatment with stimulants, thereby not compromising
the treatment of ADHD itself. Our trial’s open-label design
also affected our analytic approach, because for ethical rea-
sons, we required participants to be medication responders
at 6 weeks to continue into the 2-year long-term treatment
phase.
In addition, we cannot rule out the possibility that our

findings reflect an atypical clinical trial subject pool with
an unusually low baseline rate of smoking, rather than the ef-
fect of OROS MPH. Consistent with this notion is the higher
rate of smoking (36%) in subjects screened for the clinical
trial who chose not to participate or were ineligible to partic-
ipate. Conversely, the relatively elevated smoking rates in
nontreated comparator ADHD youth might be related to
other factors than the lack of medication per se. Families
who successfully participate in clinical trials or who success-
fully obtain and maintain medication treatment for their
t with OROS MPH: FTQ results

Current smoking

6 (4%) stop smoking McNemar c2 (1) = 0.40; P = .53
7 (5%) keep smoking

Hammerness et al
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ADHD-affected children may create a host of protective fac-
tors against smoking. Another limitation is the inclusion of
only a small number of smokers at baseline. Ideally, future
studies will be limited to smoking-naive youth. Our conclu-
sions are tempered by the high rate of attrition over the
24-month study duration. Early dropouts were more likely
to be female and older, but they did not have a greater degree
of baseline psychiatric comorbid illness than the remainder
of the sample. Finally, given that the sample was referred
and mostly Caucasian, our results might not generalize to
nonclinical samples or other ethnic groups.

Further examination of the impact of stimulant treatment
on smoking risk in youth with ADHD is clearly warranted.
Given that youth who continue to smoke through adulthood
may shorten their life expectancy by 5-10 years,27 any reduc-
tion in smoking risk would have significant clinical and pub-
lic health impacts. n
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Table III. Rates of current smoking before and after treatment with OROS MPH: urine cotinine results*

Endpoint

Baseline

No current smoking Current smoking

No current smoking 130 (84%) stay nonsmoking 2 (1%) stop smoking McNemar c2 (1) = 1.29; P = .26
Current smoking 5 (3%) start smoking 4 (5%) keep smoking

*n = 132 at baseline and n = 135 at endpoint owing to missing cotinine levels in some subjects.
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