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Abstract
Background—Cigarette smoking is common in adolescents with attention-deficit/hyperactivity
disorder (ADHD) and substance use disorders (SUD). However, little is known about the
relationship between cigarette and cannabis use trajectories in the context of treatment for both
ADHD and SUD. To address this research gap, we report collateral analyses from a 16-week
randomized, controlled trial (n=303) of osmotic-release methylphenidate (OROS-MPH) in
adolescents with ADHD concurrently receiving cognitive behavioral therapy (CBT) targeting non-
nicotine SUD.

Methods—Participants completed cigarette and cannabis use self-report at baseline and
throughout treatment. Analyses were performed to explore the relationships between cigarette
smoking, cannabis use, and other factors, such as medication treatment assignment (OROS-MPH
versus placebo).

Results—Baseline (pre-treatment) cigarette smoking was positively correlated with cannabis use.
Negligible decline in cigarette smoking during treatment for non-nicotine SUD was observed in
both medication groups. Regular cigarette and cannabis users at baseline who reduced their
cannabis use by >50% also reduced cigarette smoking (from 10.8±1.1 to 6.2±1.1 cigarettes per
day).

Conclusions—Findings highlight the challenging nature of concurrent cannabis and cigarette
use in adolescents with ADHD, but demonstrate that changes in use of these substances during
treatment may occur in parallel.
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1. Introduction
Cigarette smoking typically begins during adolescence, and is particularly common among
adolescents with substance use disorders (SUD) (Backinger et al., 2003; Eckhardt et al.,
1994; Myers and Brown, 1994; Vega and Gil, 2005). Youth enrolled in treatment for SUD
tend to smoke more heavily and have more negative health consequences, compared to
adolescent smokers without other SUD (Arria et al., 1995; McDonald et al., 2000; Myers et
al., 1994; Myers and MacPherson, 2004). Most smoke daily, and many become highly
dependent, long-term smokers (Chassin et al., 1996; Lindsay and Rainey, 1997).

Despite the common co-occurrence of cigarette smoking in adolescents with SUD, and
expert clinical guidelines calling for integrated treatment (Clinical Practice Guideline
Treating Tobacco Use and Dependence 2008 Update Panel, Liaisons, and Staff, 2008), most
adolescent SUD treatment programs do not specifically incorporate interventions to target
smoking (Myers and Brown, 2005). In the absence of such interventions, it is not clear what
happens to cigarette smoking during treatment, as few prospective studies have examined
this issue. Post-treatment smoking outcomes have been discouraging. Adolescents enrolled
in non-nicotine SUD treatment are at greater risk for persistence of cigarette smoking and
progression to more severe nicotine dependence (Myers and Brown, 1998; Myers and
Prochaska, 2008). The trajectory of cigarette smoking during treatment has potentially
important implications, particularly among adolescent cannabis users. Cannabis is the most
commonly used illicit substance among adolescents, and is typically the primary target
among those enrolled in SUD treatment (Substance Abuse and Mental Health Services
Administration, 2010). Nicotine and cannabis share the same route of administration, and
the use of each fosters initiation, escalation, and prolonged, problematic use of the other
(Agrawal et al., 2008; Agrawal et al., 2009; Amos et al., 2004; de Dios et al., 2009; Highet,
2004; Kandel and Yamaguchi, 1993; Okoli et al., 2008; Patton et al., 2005; Swift et al.,
2008; Timberlake et al., 2007). In the only large-scale study to date that has tracked cigarette
smoking in adolescents enrolled in cannabis treatment, cigarette smokers decreased days of
smoking, but heavy smokers only decreased their smoking minimally and temporarily
(Shelef et al., 2009).

The comorbidity of ADHD adds another smoking risk factor. Individuals with ADHD are
known to initiate smoking at a younger age, possess increased risk for developing nicotine
dependence, and have a more difficult time quitting smoking, compared with the general
population (Fuemmeler et al., 2007; Humfleet et al., 2005; Lambert and Harsough, 1998;
Milberger et al., 1997; Pomerleau et al., 1995; Rodriguez et al., 2008; Tercyak et al., 2002).
Additionally, there has been some evidence suggesting that stimulant medication (first-line
treatment for ADHD) may acutely increase cigarette smoking (Cousins et al., 2001; Rush et
al., 2005; Vansickel et al., 2007), though recent data suggest that it may not increase long-
term smoking in individuals with ADHD (Huss et al., 2008; Winhusen et al., 2010). It is
unclear whether stimulant treatment might impact cigarette use among adolescents with
ADHD who are concurrently enrolled in SUD treatment.

A recently completed 16-week multi-site controlled trial of osmotic release methylphenidate
(OROS-MPH) in adolescents with ADHD (n=303) concurrently receiving cognitive
behavioral therapy (CBT) targeting non-nicotine SUD provided the opportunity to evaluate,
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via collateral analyses, the relationship between cigarette and cannabis use during SUD
treatment.

2. Methods
2.1 Participants

Participants for the parent study were 303 adolescents (ages 13–18) meeting DSM-IV
criteria for current ADHD (Orvaschel and Puig-Antich, 1987) and at least one non-nicotine
SUD (Cottler et al., 1989), recruited by 11 participating substance abuse treatment
programs. Exclusion criteria were current or past psychotic disorder, bipolar disorder,
suicide risk, opioid dependence, methamphetamine abuse or dependence, cardiac illness or
serious medical illness, pregnancy, past month use of psychotropic medications, or
participation in other substance or mental health treatment. All participants (and parents/
guardians for those <18) were given a thorough explanation of the study and signed an
informed consent form that was approved by the Institutional Review Boards of the
participating sites.

2.2 Procedures
See Riggs et al. (2009) for a full description of study procedures. Briefly, the parent study
involved randomizing adolescents with ADHD and SUD to OROS-MPH or placebo. 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. The study included a 16-week
active treatment phase during which participants took OROS-MPH or placebo and were
scheduled for weekly one-hour individual cognitive behavioral therapy (CBT) sessions
targeting SUD. For the present analyses, the investigative team formulated a list of clinically
relevant questions regarding cigarette and cannabis use (see section 2.4).

2.3 Measures
Relevant to the present secondary analysis, participants completed 28-day baseline and
weekly Timeline Follow-Back self-report of cigarette (smoking days, cigarettes per day) and
cannabis (days using, joints per day) use (Sobell and Sobell, 1992). They additionally
completed the DSM-IV ADHD Rating Scale (ADHD-RS) (DuPaul et al., 1998) at baseline
and weekly throughout the 16-week trial. Clinician Global Impression of Improvements
(CGI-I) in ADHD symptoms was assessed weekly by the study physician or medical
clinician (Conners et al., 1985).

2.4 Data Analysis
The analytic approach was designed to address several clinically relevant questions as
detailed below.

a. Are baseline cigarette and cannabis use correlated?

Spearman correlations were conducted to evaluate the association between cigarette
(smoking days, cigarettes per day, smoking status [+/−]) and cannabis use (days
using, joints per day) at baseline among the entire sample (n=303).

b. How does the trajectory of cannabis use compare between those who also regularly
smoke cigarettes and those who do not?

Among baseline regular cannabis users (defined as >14/28 days of use),
longitudinal analyses compared the trajectories of change in cannabis use (days
using, joints per day) in baseline regular cigarette smokers (>14/28 days of use,
n=88) and non-cigarette smokers (≤2/28 days of use, n=28). Population-average
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linear mixed models with AR(1) correlation structure were fitted to estimate change
in use in the presence of missing data, assuming those data were missing at random
(Brown and Prescott, 1999). Predictors in the models were group (cigarette
smoking >14/28 versus ≤2/28 days), time (weeks since baseline), and group by
time interaction. The interaction effect is the parameter of interest for differential
trajectories of change.

c. Among regular cigarette and cannabis users, what is the impact of significant
reduction in cannabis use on cigarette smoking?

Among baseline regular cigarette and cannabis users (>14/28 days of use for both),
longitudinal analyses compared the trajectories of change in cigarette smoking
(smoking days, cigarettes per day) in participants who decreased days of cannabis
use by >50% (n=35) versus ≤10% (n=16) at 16 weeks. Again, population-averaged
linear mixed models with AR(1) correlation structure were fitted, where group
indicator was cannabis use reduction by >50% versus ≤10%.

d. Does change in ADHD symptom severity or psychostimulant treatment impact
change in smoking among regular cigarette smokers?

Population-average linear mixed models with AR(1) correlation structure were
used to identify the differences in the trajectories of change in smoking between
groups (OROS-MPH versus placebo, using all available participants at each time
point; CGI-I ≤2 versus >2, using 16-week completers) among baseline regular
cigarette smokers (defined as >14/28 days of use, n=174).

3. Results
Participant demographics and baseline characteristics, as a function of analysis (see section
2.4) are presented in Table 1.

3.1 Baseline relationship between cigarette and cannabis use (section 2.4 analysis a.)
Significant positive correlations were found between cigarette and cannabis use for all
measures evaluated, including cigarette smoking days and days of cannabis use (ρ
[Spearman’s rho]=0.22, p=0.0001); cigarette smoking days and joints per day (ρ=0.20,
p=0.0005); cigarettes per day and days of cannabis use (ρ=0.20, p=0.0004); cigarettes per
day and joints per day (ρ=0.20, p=0.0004); cigarette smoking status (+/−) and days of
cannabis use (ρ=0.13, p=0.03); cigarette smoking status (+/−) and joints per day (ρ=0.14,
p=0.01).

3.2 Change in cannabis use as a function of baseline cigarette smoking status (section 2.4
analysis b.)

While there was not a significant difference in the linear rate of cannabis reduction, there
was a significant quadratic time effect for cannabis use. Significant differences in initial
decline, with non-regular cigarette smokers more rapidly reducing cannabis use than regular
cigarette smokers (β [slope between baseline and Week 1] = −3.17 vs. −1.33, p<0.0001 for
days of cannabis use; β=−2.34 vs. −1.15, p<0.0001 for joints per day), were estimated in the
models with a spline term for time at Week 1 (Figure 1 top row).

3.3 Change in cigarette smoking as a function of change in cannabis use (section 2.4
analysis c.)

Significant rates of reduction in days per week of cigarette smoking (β[slope during 16
weeks]= −0.13, p=0.0002) and cigarettes per day (β=−0.27, p=0.004) were noted among
those who achieved >50% reduction in cannabis use. Additional paired t-tests confirmed
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reduced cigarette use from baseline to Week 16 (smoking days per week p=0.0008,
cigarettes per day p=0.0007).

There was not a significant difference in cigarette smoking trajectory between those who did
versus those who did not significantly reduce cannabis use (50% versus ≤10% reduction).
However, post hoc t-tests revealed borderline differences for changes from baseline to Week
16 cigarette smoking. Participants with >50% reduction in days per week of cannabis use
went from 6.7±0.1 (mean±SE) to 4.7±0.5 days per week of smoking and from 10.7±1.1 to
6.2±1.1 cigarettes per day, while those with ≤10% reduction in days per week of cannabis
use went from 6.6±0.2 to 6.1±0.5 smoking days per week and from 10.6±1.7 to 10.5±2.1
cigarettes per day. (p=0.08 for both smoking days per week and cigarettes per day) (Figure 1
bottom row).

3.4 Change in cigarette smoking as a function of change in ADHD symptom severity or
psychostimulant treatment (section 2.4 analysis d)

Change in ADHD symptom level (ADHD-RS scores, CGI responders versus non-
responders) and medication assignment (OROS-MPH versus placebo) did not show
significant differences in the trajectories of change in smoking among regular cigarette
smokers. Longitudinal plots confirmed these findings.

4. Discussion
Results indicate that baseline cigarette and cannabis use were positively correlated.
Although cigarette smoking was not targeted during treatment, reduction in cannabis use
was associated with modest but statistically significant reduction in cigarette smoking,
consistent with previous findings (Shelef et al., 2009), suggesting that adolescents do not
increase cigarette smoking to compensate for reduction in marijuana smoking (same route of
administration) during outpatient substance treatment. It is also noteworthy that cigarette
smoking did not increase in participants treated with OROS-MPH. This contrasts with
findings from a laboratory methylphenidate administration study (Rush et al., 2005), but is
consistent with the findings of a double-blind placebo-controlled trial of OROS-MPH in
adult smokers with ADHD (Winhusen et al., 2010).

Although both non-cigarette smokers (smoking ≤2/28 days at baseline) and regular smokers
(>14/28 days) had similar overall reduction in cannabis use, non-smokers reduced cannabis
use significantly earlier (often within the first week of treatment), whereas regular cigarette
smokers showed more gradual reduction. This suggests that significant reduction in cannabis
use may be more difficult in adolescents that also regularly smoke cigarettes, potentially
reflecting priming effects of cigarette smoking and shared route of administration (de Dios
et al., 2009).

These findings should be interpreted in the context of study limitations. Results were
generated by conducting secondary, post-hoc analyses of data from a subsample of
participants in a larger randomized controlled trial. Additionally, cigarette and cannabis use
data were obtained exclusively by adolescents’ self-reports. While several studies support
the validity of youth cigarette and cannabis use self-report (e.g., Buchan et al., 2002; Dolcini
et al., 2003; Post et al., 2005; Solbergsdottir et al., 2004; Williams and Nowatzki; Zaldívar
Basurto et al., 2009), biological verification was not obtained. Also, groups considered for
comparison were determined based on clinical reasoning, since there is no accepted standard
or empirically based definition of “clinically significant” reduction in cannabis use. Lastly,
in order to simplify this initial exploration of the relationship between changes in cigarette
and cannabis use, some longitudinal analyses only included participants who completed 16
weeks. In these cases, comparison groups (e.g., reduction in cannabis use, change in ADHD
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symptom level) were defined using the completers’ sample, thereby introducing some
potential for biased estimates. However, those who completed 16 weeks and those who did
not were not significantly different on demographic and baseline characteristics, as shown in
Table 1.

Despite these limitations, the present findings extend current research, given the lack of
published studies on the relationship between change in cigarette and cannabis use in
adolescent substance treatment. Compared to non-substance-involved youth, adolescents
with SUD are significantly more likely to smoke cigarettes and those with co-occurring
ADHD have even higher rates and earlier onset of smoking. If replicated, these preliminary
findings suggest that cigarette smoking does not increase in adolescents with ADHD during
treatment for cannabis and other non-nicotine SUD with or without psychostimulant
medication, though further work is needed to develop evidence-based interventions targeting
cigarette smoking in this especially vulnerable group. Counter to the concerns of many
clinicians, adult and preliminary adolescent studies have shown that smoking cessation
interventions in the context of SUD treatment not only reduce cigarette use but are also
associated with improved SUD outcomes (Myers and Brown, 2005; Myers and Prochaska,
2008; Prochaska et al., 2004). Given the tremendous public health impact and high
prevalence of cigarette smoking in adolescents with SUD and even higher rates in youth
with co-occurring ADHD (30–50% of adolescents in treatment for SUD) (Horner and
Scheibe, 1997), there is a critical need for larger scale efficacy studies of smoking cessation
interventions in the context of adolescent substance treatment.
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Figure 1.
Cigarette and cannabis use trajectories from baseline through 16-week active treatment.
Overlapping error bars are omitted for visual clarity.
Top Left: Days per week of cannabis use among participants who, at baseline (BL), smoked
cigarettes ≤2 of 28 days versus >14 of 28 days (analysis b. from section 2.4).
Top Right: Joints per day among participants who, at baseline, smoked cigarettes ≤2 of 28
days versus >14 of 28 days (analysis b. from section 2.4).
Bottom Left: Days per week of cigarette use among baseline regular cigarette and cannabis
users (>14 of 28 days using each) who achieved >50% versus ≤10% reduction in days per
week of cannabis use during study participation (analysis c. from section 2.4).
Bottom Right: Cigarettes per day among baseline regular cigarette and cannabis users (>14
of 28 days using each) who achieved >50% versus ≤10% reduction in days per week of
cannabis use during study participation (analysis c. from section 2.4).
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