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Abstract
Background—Tobacco withdrawal symptoms may be confounded with attentiondeficit/
hyperactivity disorder (ADHD) symptoms among smokers with ADHD.

Objective—1) to assess overlap between ADHD symptoms and tobacco/nicotine withdrawal
symptoms and craving; 2) to assess the relationship between craving or withdrawal symptoms and
the effect of osmotic-release oral system methylphenidate (OROS-MPH) on ADHD symptoms; 3)
to assess the association of ADHD symptoms, craving, and withdrawal symptoms with abstinence.

Methods—Secondary analysis of a randomized, placebo controlled smoking cessation trial
assessing the efficacy of OROS-MPH taken in addition to nicotine patch among individuals with
ADHD. ADHD symptoms, withdrawal symptoms, and craving were assessed at baseline and 2, 4
and 6 weeks after a target quit day.

Results—Withdrawal symptoms and craving showed limited and modest overlap with ADHD
symptoms prior to abstinence but more extensive and stronger correlation after quit day.
Compared to placebo, OROS-MPH reduced ADHD symptoms; this effect was attenuated by
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controlling for withdrawal symptoms, but not by craving. Craving, but not ADHD symptoms and
withdrawal symptoms, was associated with abstinence during the trial.

Conclusion—When treating smokers with ADHD 1) craving, rather than tobacco withdrawal
symptoms or ADHD symptoms may be the more effective therapeutic smoking cessation targets;
2) careful distinction of craving, withdrawal symptoms, and ADHD symptoms when assessing
withdrawal phenomena is needed.
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1. Introduction
Tobacco smoking, nicotine/tobacco dependence and attention-deficit/hyperactivity disorder
(ADHD) frequently co-occur. Persons with ADHD are more likely to become regular
smokers (Pomerleau et al., 1995; Tercyak et al., 2002), begin smoking earlier, smoke more
heavily (Kollins et al., 2005; Lambert et al., 2000), and may experience greater difficulty
when trying to stop smoking (Humfleet et al., 2005; Covey et al., 2008) compared to persons
without ADHD. Nicotine ameliorates inattentiveness and problems in response inhibition
(Conners et al., 1996; Levin et al., 1996; Potter et al., 2004; Poltavski et al., 2006), which
are core symptoms of ADHD. Nicotine can reduce the demonstrated deficits in
dopaminergic function associated with ADHD (Volkow et al., 2007) suggesting a “self-
medication” rationale for greater tobacco use among persons with ADHD (Gray and
Upadhyaya, 2009).

The increased recognition that tobacco use and nicotine dependence are highly prevalent
among persons with ADHD (Gray and Uphadyaya, 2009) has spurred investigations into
details of the relationship between those disorders, such as the association between their
symptom profiles. The core symptoms of ADHD (inattention, hyperactivity, and
impulsiveness; APA, 2000) are conceptually and clinically similar to symptoms of nicotine
withdrawal, such as difficulty concentrating, restlessness, and impatience (APA, 2000). A
study of adolescent smokers that examined correlations during the non-abstinence phase of a
smoking cessation treatment found significant correlations among several of the ADHD and
the nicotine withdrawal symptoms (Gray et al., 2010). A 12-day abstinence trial conducted
with adult, non-treatment seeking smokers, on the other hand, observed that withdrawal
symptoms, which were experienced more severely by smokers with than without ADHD,
were unrelated to changes in ADHD symptoms (McClernon et al., 2011).

To clarify relationships among smoking-related (i.e., withdrawal symptoms and craving) and
ADHD-related symptoms, as well as their relevance to the efficacy of smoking cessation
treatment for smokers with ADHD, we conducted secondary analyses of data from a trial of
osmotic-release oral system methylphenidate (OROS-MPH) for smokers with ADHD
(Winhusen et al., 2010). The parent trial was a randomized, placebo controlled trial that
evaluated if OROS-MPH to treat ADHD, combined with smoking cessation treatment,
increases smoking abstinence. The main results showed that OROS-MPH reduced ADHD
symptoms but did not improve smoking abstinence rate (Winhusen et al., 2010).

Our objectives in the current analysis were: 1) to assess overlap between ADHD symptoms
and nicotine withdrawal symptoms and craving; 2) to assess the relationship between
craving or withdrawal symptoms and the OROS-MPH effect on ADHD symptoms; 3) to
assess the association of ADHD symptoms, craving, and withdrawal symptoms with
abstinence. Findings from these analyses could impact clinical decisions regarding the
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manner, timing, and type of smoking cessation treatment when the smoker trying to quit also
suffers from ADHD.

2. Methods
2.1. Design of the parent OROS-MPH trial

Briefly, this was a randomized, double-blind, placebo-controlled trial assessing the efficacy
of OROS-MPH compared to placebo for increasing smoking cessation rate among adult
smokers with ADHD when added to nicotine patch and counseling. The study design
consisted of an 11-week treatment phase with a four-week pre-quit phase and seven weeks
of a planned abstinence period. All participants received a thorough explanation of the study
from the investigators and signed an informed consent form. The trial was conducted at six
sites (Cambridge, Massachusetts; Columbus, Ohio; New York City, New York (2 sites);
Portland, Oregon; Rochester, Minnesota) and approved by the Institutional Review Board at
individual participating sites.

Participants were given 21 mg/24 hours nicotine patches from the target quit day (day 27)
through week 11, received 14 mg/24 hours patches for study weeks 12 and 13, and 7 mg/24
hours patches for study week 14. Participants were randomized to OROS-MPH or matching
placebo in a 1:1 ratio, with stratification by site, by a centralized, computerized system. For
OROS-MPH the starting dose of 18 mg/day was escalated during the first two study weeks
to a maximum of 72 mg/day or to the highest dose tolerated. Study participants received $25
($15 at one site) per research visit; at the end-of-treatment visit (week 11) participants
received an additional $25. More details of the study protocol, methods, and procedures are
provided in the main outcome paper (Winhusen et al., 2010).

2.2. Participants
Eligible participants were adults with ADHD who smoked at least 10 cigarettes per day, had
an expired air carbon monoxide (CO) level ≥ 8 ppm, and smoked cigarettes regularly for at
least 3 months prior to inclusion, wished to quit smoking, were in good physical health as
determined by a medical history, electrocardiogram, vital signs and fulfilled DSM-IV
criteria for ADHD as assessed by the Adult Clinical Diagnostic Scale version 1.2 (Adler and
Cohen, 2004). The use of the parent study’s data and analysis was approved by the IRB of
the New York State Psychiatric Institute, Columbia University.

2.3. Measures
The ADHD Rating Scale (ADHD-RS; DuPaul et al., 1998; Adler and Cohen, 2004) was
used to assess DSM-IV ADHD symptoms. This instrument contains 18 individual items, 9
each reflecting inattention and hyperactivity/impulsivity. Each item is rated on a 4-point
scale (never or rarely: 0, sometimes: 1, often: 2, very often: 4). The total score can range
from 0 to 54, the maximum score for both inattention and hyperactivity/impulsivity
subscales is 27. Cronbach’s α for the ADHD-RS at baseline was 0.86 in this study. ADHD
symptoms were assessed at baseline (three to four weeks before a target quit date), and at
weeks 2, 4, and 6 after the target quit date.

Tobacco withdrawal symptoms and craving were assessed with the Minnesota Withdrawal
Symptom Scale (MNWS) (Hughes and Hatsukami 1986) at baseline and at weeks 2, 4, and 6
after quit day. Although DSM-IV does not include craving for smoking as a withdrawal
symptom, we examined the “desire to smoke” item in the MNWS, referred to in the
literature and in this paper as “craving.” Craving was assessed separately from the seven
other MNWS items (anger/irritability, anxiety/nervousness, difficulty concentrating,
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impatience/restlessness, hunger, awakening at night, and depression). Cronbach’s α for the
tobacco withdrawal symptoms at baseline was 0.78.

Smoking abstinence was assessed as 7-day point-prevalence abstinence as reported at clinic
visits on weeks 2, 4, and 6 after quit day by participants’ self-report verified by expired
carbon monoxide ≤8 parts per million. Continuous abstinence (no slips or lapses from quit
day) was treated as a time-varying variable in the models only for completers (showed up at
weeks 2, 4 and 6 after quit day), defined as point-prevalence abstinence at week 2 for post-
quit week 2, abstinence at both weeks 2 and 4 for post quit week 4, and abstinence at weeks
2, 4, 6 for post-quit week 6.

2.4. Data analysis
To assess the relationships between total and individual symptoms of ADHD, withdrawal
symptoms, and craving, we used partial correlation coefficients (Pearson’s r), controlling for
age, gender, race/ethnicity, site, and treatment. We adjusted for gender, based on prior
research that showed its relationship with withdrawal symptoms (McClernon et al., 2011),
and for race/ethnicity (white vs. nonwhite) based on prior evidence of its association with
craving and abstinence (Covey et al., 2010). We applied generalized linear models (GLM) to
investigate the effects of withdrawal symptoms and craving on total ADHD scores across
the weeks of assessment, and time (before quit day vs. post-quit day). We performed
separate models to test the association of withdrawal symptoms and craving with ADHD
symptoms. Because a site effect has been demonstrated (Covey et al., 2011), it was tested as
an additional fixed effect in the models. For the exploratory correlational analyses, p-values
≤ 0.01 were considered as significant to reduce likelihood of type 1 error due to multiple
testing. To investigate their associations with total ADHD scores during the post-quit period,
the effect of treatment, smoking abstinence, withdrawal symptoms and craving was tested
on a stepwise manner in the GLM models, controlling for nicotine patch compliance and
OROS-MPH (vs. placebo) compliance. In order to test whether the associations between
ADHD and withdrawal symptoms or craving differed by treatment, the possible interactions
among treatment and withdrawal symptoms or craving were tested. The association of total
ADHD scores, withdrawal symptoms, and craving with smoking abstinence were also
investigated using GLM models. The GLM methodology was able to handle within-subject
correlations (Little and Rubin, 1987; Diggle et al., 2004). PROC Glimmix in SAS (SAS 9.2)
was used to conduct the analyses.

3. Results
3.1. Characteristics of the sample

The total sample consisted of 255 smokers with ADHD. The mean age was 37. 8 years
(SD=10, range: 19 to 56); 56.5 % of the sample was male, 34.1 % were married, 22.4 %
were divorced or separated and 43.9 % were single; 79.2 % were non-Hispanic Whites, 13.7
% African Americans and 6.3 % Hispanics. The mean age at starting smoking was 13.8
years (SD=3, range: 5 to 27). The mean number of cigarettes smoked per day was 20.2
(SD=10, range: 10 to 60). The mean number of years of education was 14.4 years (SD=2.4,
range: 6 to 24). One hundred eighty four smokers showed up at each post-quit date visit
(weeks 2, 4 and 6) and were defined as a completer sample; the distributions of demographic
and smoking data in the total and the completer samples were similar.

3.2. Associations between total ADHD symptoms, total tobacco withdrawal symptoms, and
craving at baseline and during the post-quit period

Table 1 shows the means and standard deviations at baseline and during the post-quit clinic
visits for the total ADHD symptoms, total nicotine withdrawal scores, and craving, and
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partial correlation coefficients between ADHD symptoms and the withdrawal and craving
measures. Mean scores on the three measures declined during the study. The partial
correlation coefficients between ADHD symptoms and withdrawal symptoms, significant at
all time points, were substantially higher after the quit date than at baseline. For craving, the
correlations with ADHD symptoms were not significant at baseline, but increased to
statistical significance at weeks 2 to 6 after quit day.

A Glimmix model on ADHD symptoms did not show significant effects of age, gender, or
race/ethnicity (all p-values >0.10). The association between withdrawal symptoms and
ADHD symptoms after quit day was significantly stronger than before the quit day (β =0.46,
s.e.=0.11, p < 0.0001). As in the correlational analysis, the Glimmix model showed a
significant association between ADHD-RS scores and withdrawal symptoms at baseline (β
= 0.36, s.e.= 0.09, p < 0.0001) and after quit day (β = 0.82, s.e.= 0.07, p < 0.0001). Also
consistent with the correlational analysis, there was no association between craving and
ADHD symptoms at baseline (β =0.34, s.e.=0.77, p = 0.66) but a significant association
occurred after quit day (β =1.74, s.e.=0.32, p<0.0001). However, the effect of the time by
craving interaction term was not significant (β =1.40, s.e.=0.81, p =0.09).

3.3. Associations between individual withdrawal symptoms, individual ADHD symptoms,
and craving

Table 2 explores the correlations of individual ADHD symptoms with craving and
withdrawal symptoms at baseline and on the second week after quit day (similar correlations
as seen at week 2 were seen at weeks 4 and 6). At baseline, significant correlations of
individual ADHD symptoms with craving as well as with individual withdrawal symptoms
were few and small in magnitude. These included correlations between impatience/
restlessness with five of the hyperactivity/ impulsivity symptoms, and between anger/
irritability with difficulty sustaining attention. At the second week after quit day, more
numerous significant and stronger correlations between withdrawal and ADHD symptoms
were evident. These included significant correlations between individual withdrawal
symptoms and several ADHD items, i.e., all 18 ADHD symptoms with impatience/
restlessness, 17 with difficulty concentrating, 16 with anxiety/nervousness, 14 with anger/
irritability, 10 with depression, and 5 with awakening at night. Hunger, a withdrawal
symptom not putatively associated with ADHD, did not show a correlation with any ADHD
symptom at any time during the trial. No correlations between craving and any of the
ADHD symptoms were observed at baseline; after quit day, a number of significant
correlations between craving and several ADHD symptoms (5 inattentive and 1
hyperactivity symptoms) were observed.

3.4. Withdrawal symptoms, craving, and treatment effects on ADHD symptoms during the
post-quit period

The basic Glimmix model on ADHD symptoms (Table 3) during the post-quit period
showed a significant treatment effect, i.e., ADHD scores decreased more on OROS-MPH
than on placebo (β = −6.05, s.e. = 1.38, p <0.001). Abstinence status was not associated with
ADHD scores. Addition of withdrawal symptoms to the basic model showed that both
withdrawal symptoms and treatment were significantly associated with ADHD symptoms.
In order to test whether the associations between ADHD and withdrawal symptoms or
craving differed by treatment, interaction terms were entered in a Glimmix model. The only
significant interaction was that between treatment and withdrawal symptoms (F(1, 378) =
7.12, p<0.01). The association of withdrawal symptoms with ADHD scores was
significantly stronger among patients on OROS-MPH (β =0.73, s.e.=0.09, p<0.0001) than
among patients on placebo (β =0.38, s.e.=0.13, p<0.01).
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Compared to OROS-MPH’s effect on ADHD scores in the absence of withdrawal
symptoms, inclusion of withdrawal symptoms was associated with a decreased effect of
OROS-MPH of about 26% (=(−6.05-(−4.50))/(−6.05)) on ADHD symptoms. Addition of
craving to the basic model continued to show a treatment effect on ADHD symptoms (β =−
5.98, s.e.=1.36, p<0.001), but no significant effect of craving (β =0.35, s.e.=0.30, p=0.25)
was observed.

3.5. Association of craving, withdrawal symptoms, and ADHD symptoms with smoking
abstinence

When craving, withdrawal symptoms, and ADHD symptoms were included in a model that
controlled for all potential confounders and also for compliance with nicotine patch and
OROS-MPH/placebo treatment (Table 4), the only variable significantly and inversely
associated with abstinence status was craving (β= −0.79, s.e.=0.14, p<0.0001). In a stepwise
analysis, withdrawal symptoms appeared to influence abstinence (β= −0.08, s.e.=0.03, p=
0.0075), but when the effect of craving was controlled for, the association of withdrawal
symptoms with abstinence was no longer significant (p=0.97). The same results were
observed for continuous abstinence among completers (data not shown).

4. Discussion
This secondary analysis of data from a smoking cessation trial demonstrated little
correlation between ADHD symptoms and the tobacco-related symptoms of craving and
withdrawal before quit day. However, during the post-quit period, significant overlap
between ADHD symptoms and nicotine withdrawal symptoms, and to a lesser extent,
craving, became apparent. As reported earlier (Winhusen et al., 2010), we observed an effect
of OROS-MPH on ADHD symptoms; in the present analysis we found that OROS-MPH
also reduced nicotine withdrawal symptoms, but not craving to smoke. Confirming results
from a previous analysis (Covey et al, 2010), craving, but not symptoms of ADHD or
nicotine withdrawal was associated with abstinence. Assessment of compliance with the
treatment regimen (nicotine patch and OROS-MPH/Placebo) did not alter the observed
relationships.

Studies have shown that smokers with ADHD experience withdrawal symptoms more
severely than do smokers without ADHD (McClernon et al., 2008; 2011). The present study
revealed significant correlations between ADHD and withdrawal symptoms during the post-
quit phase and, thus, the differences previously reported between smokers with and without
ADHD may reflect a confounding between ADHD and withdrawal symptoms.

The present analysis has demonstrated that in adult smokers with ADHD who undergo
smoking cessation treatment, nicotine withdrawal symptoms and ADHD symptoms weakly
overlap prior to abstinence but may be confounded during the post-quit period. This finding
implies the need for careful interpretation of nicotine withdrawal symptoms, both before and
after the quit day, as the reported symptoms may be indicative of a co-occurring condition,
such as ADHD. As suggested byGray et al. (2010), it may be necessary to develop specific
measures that are not confounded by ADHD symptoms to accurately assess smoking
cessation progress in the presence of ADHD. Our two-fold finding of increased correlation
between withdrawal symptoms and ADHD symptoms following quit day, and the lack of
predictive effect of withdrawal symptoms on abstinence (upon controlling for craving)
contrasts with findings by McClernon and colleagues (2011). These authors observed that
withdrawal symptoms were associated with abstinence, and this association was unrelated to
ADHD symptoms. The difference in observations could result from methodological
differences between the 12-day trial (McClernon et al., 2011) and our parent OROS-MPH
trial (Winhusen et al., 2010): 1) the post-quit period was 7-weeks in our study and only 12
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days in the study by McClernon et al.; 2) study participants in our study had entered the trial
seeking to stop smoking whereas only smokers who were not planning to stop smoking
entered the 12-day trial; 3) a specific association of craving with withdrawal symptoms and
their combined association with abstinence was not evaluated in the 12-day trial, 4) the
withdrawal measure used by McClernon and colleagues (2011), the Shiffman-Jarvik
Withdrawal Questionnaire (SJWQ), described as a “32-item measure of craving,” may have
captured elements of the addiction process that were better reflective of craving than the
items included in the MNWS.

There was a significant interaction effect of treatment and withdrawal symptoms on ADHD
symptoms but no treatment by craving interaction effect was observed. Thus, ADHD
symptoms were associated with both OROS-MPH and withdrawal symptoms but not with
craving. The irregular association of craving with ADHD symptoms (no craving-ADHD
symptoms association at baseline, inconsistent association after quit day) may simply reflect
the parallel evolution of craving with withdrawal symptoms. The association between
withdrawal symptoms and ADHD symptoms was stronger with OROS-MPH than with
placebo, which likely reflects reduced variance from OROS-MPH acting on similar ADHD
and withdrawal symptoms.

Amelioration of the ADHD and withdrawal symptoms with OROS-MPH did not result in
successful smoking cessation among the participants in the present study (Covey et al.,
2010; Winhusen et al., 2010); rather, it was reduction in craving to smoke, which was
irregularly associated with both withdrawal symptoms and ADHD symptoms (as shown in
Tables 1 and 2) that facilitated smoking cessation. Withdrawal symptoms showed significant
correlation with ADHD symptoms and abstinence but inclusion of craving nullified the
withdrawal symptoms – abstinence association. Withdrawal symptoms may be uncertain
predictors of abstinence because their association with smoking abstinence is confounded by
craving. This may explain also why ADHD symptoms, which do not tap craving, were not
associated with abstinence status.

The limited correlation between craving and ADHD symptoms, along with the demonstrated
influence of craving on abstinence (Covey et al., 2010), may help to explain why, despite its
record as an efficacious medication for alleviating symptoms of ADHD (McBurnett and
Starr, 2011), OROS-MPH did not increase smoking cessation rates in the present sample of
smokers with ADHD (Winhusen et al., 2010). Nicotine has been found to reduce ADHD
symptoms (Gehricke et al., 2009) and ADHD medications reduce nicotine withdrawal
symptoms in smokers with ADHD (Gehricke et al., 2011). However, ADHD medications do
not seem to reduce craving to smoke (Gehricke et al., 2011), a core predictor of successful
smoking cessation (Dawkins et al., 2009; Berlin et al., 2010). The lack of a significant
OROS-MPH effect on craving may not generalize to the effects that would be observed with
immediate release methylphenidate (IR MPH). Specifically, laboratory findings have shown
that IR MPH significantly increases smoking in adult smokers without ADHD who are not
trying to quit smoking (Rush et al., 2005; Vansickel et al., 2007) and, thus, might serve to
increase craving. Thus, medications acting on craving may be a promising smoking
cessation for smokers with ADHD.

A primary strength of the present study is the evaluation of smokers with ADHD who
wanted to quit smoking and were studied prior to and after their quit attempt, which more
closely reflects the clinical setting compared to the studies byGray et al. (2010)
andMcClernon et al. (2011) that sought to evaluate the relationship between nicotine
withdrawal and ADHD. However, this was a secondary, post-hoc analysis of a randomized
therapeutic trial; thus, further studies specifically planned for investigating the overlap
between ADHD and nicotine withdrawal symptoms are needed to confirm the current
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findings. Similarly, prospective studies are needed to confirm the lack of association
between ADHD symptoms and smoking abstinence and the potential predictive role of
craving in successful quitting in this specific population. The generalizability of the findings
warrant caution because of the evident selection bias characterizing clinical therapeutic
trials.

In conclusion, among smokers with ADHD, ADHD symptoms and nicotine withdrawal
symptoms may overlap, in particular, after quitting smoking. Craving to smoke but not
ADHD or nicotine withdrawal symptoms is associated with smoking abstinence. Reduction
of craving may help smokers with ADHD quit.
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Table 4

Association of ADHD symptoms score, treatment, nicotine withdrawal symptoms and craving to smoke with
smoking abstinence after target quit date (weeks 2, 4 and 6 post-quit).

Basic modela

Basic model
plus withdrawal

symptoms

Basic model
plus withdrawal

and craving

β (s.e.)

Total ADHD symptoms −0.01 (0.01) 0.01 (0.01) 0.004 (0.01)

OROS-MPH (vs. placebo) 0.17 (0.34) 0.02 (0.34) 0.08 (0.34)

Withdrawal symptoms −0.08 (0.03)* −0.002 (0.04)

Craving −0.79 (0.14)**

*
p<0.01,

**
p<0.0001

a.
Adjusted for age, gender, race, treatment, week of assessment, site, nicotine patch compliance, and osmotic-release oral system methylphenidate

(vs. placebo) compliance.

ADHD: attention-deficit/hyperactivity disorder
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