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Abstract
Objective—Individuals with ADHD are more likely than those without ADHD to initiate
smoking and develop nicotine dependence. Recent research indicates that adults with ADHD
experience more severe nicotine withdrawal symptoms than those without ADHD. However, little
is known about nicotine withdrawal in adolescent smokers with history of ADHD.

Methods—Among a sample of 134 nicotine-dependent adolescents entering a smoking cessation
research study, participants completed the Minnesota Nicotine Withdrawal Scale (MNWS) and
lifetime diagnostic assessment for ADHD during the baseline visit. Responses on individual items
and MNWS total score were compared between participants with and without history of ADHD.
Additionally, correlations between MNWS responses and current ADHD symptoms were
investigated among participants with history of ADHD.

Results—Forty-eight participants (36%) met lifetime ADHD criteria. Adolescent smokers with
history of ADHD scored significantly higher on MNWS than those without history of ADHD.
Among participants with history of ADHD, responses on the MNWS difficulty concentrating,
restlessness/impatience, and anxiety/nervousness items each correlated positively with several
current ADHD symptoms.

Conclusion—Treatment-seeking adolescent smokers with history of ADHD are more likely to
endorse nicotine withdrawal symptoms than those without history of ADHD. However, it does not
appear that the symptoms reported in this sample represent a valid “withdrawal syndrome,”
particularly because these smokers had not yet formally attempted to quit. Rather, the data likely
reflect common features between ADHD and nicotine withdrawal. Smoking research, particularly
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among adolescents in whom ADHD is so common, should carefully consider the complex issue of
comorbid ADHD and nicotine dependence.
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Introduction
Smoking initiation typically occurs in adolescence. In the United States, the average age of
first cigarette use is 16.9 years, while 19% of 16–17 year olds and 33% of 18–20 year olds
have smoked in the last month (1). Recent research indicates that adolescents may be more
vulnerable than adults to developing nicotine dependence upon smoking initiation (2–5).

Among adolescents, those with Attention-Deficit/Hyperactivity Disorder (ADHD) may be at
particularly high risk for nicotine dependence. Individuals with ADHD become regular
smokers at an earlier age, and are about twice as likely to develop nicotine dependence when
compared with their non-ADHD counterparts (6,7). Genetic, neurobiological, behavioral,
environmental, and psychopathological mechanisms have been proposed to account for
shared vulnerability to ADHD and nicotine dependence (8,9).

Of additional concern is that individuals with ADHD may have more difficulty quitting
smoking (10,11). It has been suggested that smokers with ADHD may be “self-medicating”
with nicotine to reduce ADHD symptoms (12,13). Withdrawal from nicotine may therefore
be complicated by re-emergence of ADHD symptoms. Among adult smokers, those with
ADHD demonstrate more severe irritability, difficulty concentrating, and decreased
response inhibition, compared with those without ADHD, upon withdrawal from nicotine
(14–15). Complicating this issue is that there may be significant overlap between symptoms
of ADHD and nicotine withdrawal, including difficulty concentrating and restlessness/
impatience. While increasing attention has focused on adolescent nicotine withdrawal (16–
22), notably absent from the literature are studies examining ADHD and nicotine withdrawal
in adolescent smokers.

The purpose of the present analysis was to examine the relationship between lifetime
diagnosis of ADHD and self-reported nicotine withdrawal symptoms within a group of
treatment-seeking adolescent smokers. Data came from a larger randomized clinical trial
(N=134), which examined placebo-controlled bupropion +/− contingency management (2×2
design) for adolescent smoking cessation (results forthcoming).

Methods
Participant Eligibility and Recruitment

The parent treatment study required adolescents to a) be 12 to 21 years old, b) smoke at least
5 cigarettes per day, c) have baseline urine cotinine > 100 ng/mL, d) be non-pregnant and
use birth control to avoid pregnancy, e) lack current substance abuse/dependence aside from
nicotine, f) have no history of serious psychiatric or medical illness, g) have no suicide
attempts in the past year or suicidal ideation in the past month, and h) not be taking current
pharmacotherapy for smoking cessation treatment.

Recruitment occurred primarily through local secondary schools, colleges, universities, and
community media advertisements. If an initial telephone screen suggested potential
eligibility, participants were scheduled for an informed consent and baseline assessment
visit. Parental consent was obtained for all adolescents below age 18.
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Assessments
Several measures were collected at the baseline assessment visit. Only those measures
relevant to the current analysis are presented below.

ADHD—The Childhood Symptoms Scale (23), a validated, DSM-IV-based instrument,
combined with confirmatory clinical interview, was used to determine lifetime history of
ADHD (as part of diagnostic assessment). Among participants determined to have a positive
history of ADHD, the ADHD-Rating Scale (ADHD-RS) (24) was additionally used to
evaluate self-reported current ADHD symptoms (as part of baseline symptom evaluation).
The ADHD-RS is comprised of 18 individual items (nine each reflecting inattention and
hyperactivity/impulsivity), each rated on a 4-point scale (never or rarely=0, sometimes=1,
often=2, very often=3). Thus, the total possible range for the ADHD-RS is 0–54 (0–27 for
each of inattention and hyperactivity subscales).

Nicotine Withdrawal—Participants provided self-report of nicotine withdrawal symptoms
using the Minnesota Nicotine Withdrawal Scale (MNWS) (25). The MNWS is comprised of
eight individual items, each rated on a 5-point scale (none=0, slight=1, mild=2, moderate=3,
severe=4). Thus, the total possible range for the MNWS is 0–32. The MNWS items are
based on the seven DSM-IV symptoms of nicotine withdrawal, with an added craving item.

Other Baseline Assessments—On the basis that the relationship between ADHD status
and withdrawal might be confounded by other variables, we also ascertained basic
demographic and smoking history data, and assessed craving (Questionnaire of Smoking
Urges—Brief (QSU-B) (26)) and nicotine dependence (Fagerström Test for Nicotine
Dependence (FTND) (27) and the Hooked on Nicotine Checklist (HONC) (28)).

Data Analysis
Descriptive statistics were used to characterize demographic variables and other variables of
interest. Differences in continuous variables were assessed using a Two Sided Wilcoxon
Rank Sum Test. Differences in categorical variables were assessed using a Two Sided Fisher
Exact Test. The following variables were considered as adjustment variables in all adjusted
regression models: a) age, b) age the participant became a regular smoker, and c) years of
regular smoking. These variables were sufficiently collinear to allow age (most associated
with ADHD status) to represent the construct in all regression models.

For all statistical comparisons between participants with and without history of ADHD,
individual MNWS responses were dichotomized in two ways: a) 0 (absent) versus ≥ 1
(present) and b) < 3 versus ≥ 3 (high level). The first approach was used to detect the
presence versus absence of withdrawal symptoms, and the latter was used to detect a higher
(i.e., more clinically significant) symptom severity. To test the hypothesis that participants
with history of ADHD endorse greater baseline withdrawal symptoms than those without
history of ADHD, logistic regression models were used to determine the association
between ADHD status and response to each item on the MNWS while controlling for age at
study entry.

To evaluate potential overlap between symptoms of ADHD and nicotine withdrawal among
participants with history of ADHD, correlations between ADHD-RS and MNWS (total
scores and individual item scores) were tested using Spearman’s Rho.

All statistical analyses were performed using SAS v.9.1.3 (SAS Institute, Cary, NC).
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Results
Sample Characteristics

Upon enrolling in an adolescent smoking cessation study, 134 participants (78 males and 56
females) were assessed for history of ADHD. Characteristics of participants with (n = 48)
and without (n = 86) history of ADHD are shown in Table 1. Participants with history of
ADHD were significantly younger (mean age: 17.6 versus 18.9), initiated smoking at an
earlier age (14 versus 15), and scored significantly higher on MNWS (10.9 versus 6.3) than
those without history of ADHD.

Relationship Between Lifetime ADHD Status and Withdrawal
The univariate analysis of ADHD status association with MNWS individual item scores was
initially performed without control for possible covariates (see Data Analysis). Participants
with history of ADHD had significantly higher odds of endorsing depressed mood, difficulty
concentrating, restlessness/impatience, and increased appetite on MNWS.

When the analysis was adjusted for possible covariates, there was some diminution of the
effect of ADHD status on MNWS individual item scores as measured by the odds ratio and
the overall level of significance. No items gained further significance, but the depressed
mood item lost statistical significance. Participants with history of ADHD were more likely
to endorse (score ≥ 1; see Table 2) difficulty concentrating, restlessness/impatience, and
increased appetite than those without history of ADHD. Additionally, participants with
history of ADHD, relative to those without, were more likely to endorse high-level (score ≥
3) insomnia (p = 0.045; OR = 3.0; 95% CI = 1.0–8.6), anxiety/nervousness (p = 0.039; OR =
2.9; 95% CI = 1.1–8.2), difficulty concentrating (p = 0.014, OR = 4.8; 95% CI = 1.4–16.7),
restlessness/impatience (p = 0.004; OR = 4.9; 95% CI = 1.6–14.8), and increased appetite (p
= 0.002; OR = 9.6; 95% CI = 2.3–39.8).

Relationship Between ADHD Symptoms and Withdrawal Symptoms—Adolescent Smokers
with History of ADHD

Participants with history of ADHD (i.e., either past or current) completed the ADHD-RS to
self-report current ADHD symptoms. Among these 48 participants, MNWS total score did
not correlate significantly with number of total symptoms endorsed on ADHD-RS (Rho =
0.194; p = NS), ADHD-RS total score (Rho = 0.199; p = NS), ADHD-RS inattentive score
(Rho = 0.205; p = NS), or ADHD-RS hyperactive/impulsive score (Rho = 0.131; p = NS).
However, several individual MNWS and ADHD-RS items correlated significantly, as
illustrated in Table 3. The MNWS difficulty concentrating, restlessness/impatience, and
anxiety/nervousness items demonstrated significant positive correlation with many ADHD-
RS items. Specifically, the MNWS difficulty concentrating item correlated highly with the
ADHD-RS total score and individual items fails to give close attention to details or makes
careless mistakes in schoolwork, has difficulty sustaining attention in tasks or play
activities, has difficulty playing or engaging in leisure activities quietly, talks excessively,
and loses things necessary for tasks or activities.

Discussion
Despite the prevalence of ADHD and nicotine dependence in adolescents, little work to date
has explored symptom associations between these disorders in this age group. Past research
in adults has revealed that individuals with ADHD may have a more difficult time quitting
smoking (10,11,29). Worsened severity of nicotine withdrawal symptoms may contribute to
this difficulty (14,15). The present study sought to determine if lifetime diagnosis with
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ADHD in treatment-seeking adolescent smokers was associated with heightened report of
nicotine withdrawal symptoms.

The prevalence of lifetime ADHD in the sample is notable, with 36% meeting diagnostic
criteria, despite no specific recruitment efforts targeting individuals with ADHD.
Approximately 3–10% of adolescents have ADHD (30), and it has been estimated that
nicotine dependence is twice as common in individuals with ADHD (6). Even with this
elevated risk, the present sample represents a remarkable proportion of adolescent smokers
with history of ADHD. This finding underscores the potential for interactions between
ADHD and nicotine dependence (31), and the need for clinicians and researchers to assess
for ADHD among treatment-seeking adolescent smokers.

Interestingly, adolescent smokers with history of ADHD, relative to those without, reported
significant elevation in nicotine withdrawal symptoms on MNWS. This was at the baseline
assessment visit, prior to any attempts to quit. There are several potential explanations for
this finding. The first and most likely explanation is that symptoms endorsed on MNWS,
particularly during non-abstinence, may not reflect actual withdrawal phenomena. They may
instead reflect significant overlap between ADHD symptoms and items of the MNWS (e.g.,
difficulty with concentration, restlessness/impatience). It may be that such symptoms are
present at higher levels across all adolescents with history of ADHD, regardless of nicotine
use. This explanation is supported by the significant correlation between individual ADHD-
RS and MNWS item scores summarized in Table 3. While nicotine withdrawal symptoms
have been reported in adolescents (16,17,19,20), some studies have questioned their severity
and clinical relevance, particularly among lighter smokers (18,21,22). Prokhorov and
colleagues hypothesized that some “withdrawal symptoms” might instead be natural
developmental characteristics of adolescents (18). The present findings may support this
interpretation, but suggest that this hypothesized overlap might be particularly attributable to
adolescents exhibiting symptoms of ADHD.

Another potential explanation for the present findings is that adolescent smokers with
history of ADHD may be more acutely prone to nicotine withdrawal symptoms, even within
a relatively short span of time since last cigarette. Significant neurobiological interactions
between ADHD and nicotine dependence have been observed, providing a possible rationale
for such a finding (9). However, the finding that ADHD status did not predict cigarette
craving, a hallmark of nicotine withdrawal, argues against this explanation.

A third potential explanation is that adolescent smokers with history of ADHD may be more
likely to “over-endorse” a variety of non-specific symptoms, perhaps owing to impulsivity
and inattention to detail when completing self-report measures. This explanation appears
unlikely, though, considering that participants with and without history of ADHD scored
similarly on several other self-report measures at the baseline visit.

Regardless of the underlying explanation, the present results suggest the need for caution
when interpreting reports of nicotine withdrawal symptoms in adolescents with history of
ADHD. It may be necessary to develop an assessment measure for nicotine withdrawal that
is not confounded by the ADHD status of smokers. At minimum, clinicians and researchers
are urged to consider the symptomatic overlap between ADHD and nicotine withdrawal
symptoms when treating co-morbid patients.

The present study contains limitations that may temper interpretation of the findings. Most
notably, the parent study was not designed specifically to parse associations between ADHD
and nicotine withdrawal. As such, the present analysis depended on the serendipitous
finding that a significant minority of participants had a history of ADHD; thus, power
limitations are noteworthy. Another consideration is that the time since last cigarette was not
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standardized during the baseline visit. Participants may have been in varying states of acute
nicotine deprivation, though all were non-abstinent at the time of assessment. Additionally,
the present study relied on self-report of current symptoms of ADHD and nicotine
withdrawal, and would have benefited from corroborative objective report/observation.
Future studies should prospectively assess ADHD and nicotine withdrawal symptoms in
adolescent smokers with and without history of ADHD in a controlled observation
environment across a variety of smoking behavior states (e.g., non-abstinence, acute
deprivation, chronic abstinence).

Conclusions
Adolescent smokers with history of ADHD, compared to those without history of ADHD,
endorse heightened levels of nicotine withdrawal symptoms on self-report, even under non-
abstinent conditions. While the underlying explanation for this finding remains unclear, the
present results reveal significant overlap between ADHD and nicotine withdrawal
symptoms, suggesting the need for caution in the interpretation of self-reported nicotine
withdrawal symptoms among adolescent smokers with history of ADHD.
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