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Abstract

This study evaluated the effects of atomoxetine on the symptoms of attention deficit/hyperactivity
disorder (ADHD) and marijuana use in marijuana-dependent adults. In conjunction with
motivational interviewing, participants received either atomoxetine (n=19) or matching placebo
(n=19) for 12 weeks. Participants randomized to atomoxetine had greater improvement in ADHD
on the Clinical Global Impression-Improvement scale than participants treated with placebo. No
treatment group differences in self-rated ADHD symptoms, overall Wender-Reimherr Adult
Attention Deficit Disorder Scale scores, or marijuana use outcomes were noted. These results
suggest that atomoxetine may improve some ADHD symptoms but does not reduce marijuana use
in this population.

INTRODUCTION

Marijuana is the most commonly used illicit drug in the United States. The 2006 National

Survey on Drug Use and Health indicates that 97.8 million (39.8%) of Americans 12 years
of age or older have tried marijuana at least once in their lifetime and 25.4 million (10.3%)
have used marijuana in the past year.1 Lifetime prevalence rates of marijuana dependence
have been estimated at 4% of the population.2

Marijuana has also been reported in several studies to be the most commonly used drug by
adults with attention deficit hyperactivity disorder (ADHD).3+4:5 Attention deficit
hyperactivity disorder (ADHD) is now recognized not just as a disease of childhood as
symptoms may persist into adulthood in as many as 65% of cases.6 The prevalence rate of
current adult ADHD is estimated at 4.4%.7 Adults with ADHD have an approximately two-
fold higher lifetime risk of developing a substance use disorder (SUD) compared to adults
without ADHD.8 Individuals with ADHD may use substances for a variety of reasons
including impulsivity, impaired social and occupational functioning, and self-medication.9
Of clinical importance, individuals with ADHD have been noted to have a shorter transition
time from drug abuse to dependence, a longer duration of SUD, and a slower rate of
remission.10:11-12 In adolescents with ADHD, treatment with stimulant therapy has been
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shown to decrease risk for later substance abuse.13:14:15 However, trials evaluating the
efficacy of stimulant treatment in adults with substance use disorders and ADHD have had
primarily negative results.16:17

Atomoxetine is a highly selective inhibitor of the presynaptic norepinephrine transporter
which has been shown to be efficacious in reducing ADHD symptoms in adults.18 By
inhibiting reuptake of norepinephrine, atomoxetine increases levels of both dopamine and
norepinephrine in the prefrontal cortex but does not appear to increase dopamine in
subcortical areas where there are few noradrenergic nerve terminals.19 As a result,
atomoxetine appears to improve cognition with little risk of abuse potential. An evaluation
of atomoxetine treatment on ADHD symptoms and drinking outcomes in recently abstinent
individuals with alcohol use disorders found improvements in ADHD measures and a
reduction in heavy drinking days.20 The purpose of this study was to explore the safety and
efficacy of atomoxetine for reducing substance use and improving ADHD symptoms in
marijuana dependent adults. The primary hypothesis was that atomoxetine treatment would
decrease marijuana use and craving as compared to a placebo-treated group, and the
secondary hypothesis was that atomoxetine treatment would improve ADHD symptoms as
compared to a placebo-treated group.

METHODS

The study was a 12-week, double-blind, placebo-controlled trial of a flexible dose of
atomoxetine (up to 100 mg/day) in marijuana-dependent individuals with ADHD, conducted
between November 2005 and June 2008. Patients were recruited primarily through media
advertisements and fliers. All procedures were conducted in accordance with Good Clinical
Practice Guidelines and the Declaration of Helsinki and received approval from the Medical
University of South Carolina Institutional Review Board. All participants gave written,
informed consent prior to study participation.

To be eligible for participation, subjects had to be between 18 and 65 years of age and meet
DSM-IV criteria for marijuana dependence. Participants also had to meet DSM-IV criteria
for Attention-Deficit Hyperactivity Disorder with the exception of the criterion that the age
of onset of symptoms had to be prior to seven years of age. This adjustment was made based
on the DSM-1V field trial which found that the use of the seven years of age criterion
diminished the reliability of clinical diagnosis.21 Further, data suggests that late-onset
ADHD (in which individuals meet all DSM-IVV ADHD criteria with the exception of age of
onset), especially when the age of onset is no later than age 12, have similar patterns of
functional impairment and psychiatric comorbidity as individuals meeting all criteria for
childhood-onset ADHD.22:23 Participants were therefore included if symptoms of ADHD
were present prior to the age of 12. Exclusion criteria included dependence on any other
substance (with the exception of caffeine or nicotine); history of psychotic disorder; current
major depression or eating disorder; current treatment with a psychoactive medication;
major medical illnesses; cognitive impairment; and pregnancy, nursing, or inadequate birth
control. All potential subjects received a medical history and an evaluation for medical
exclusions. The medical work-up included a routine physical exam, blood chemistries, test
of liver function, pregnancy test as indicated, and urine drug screen.

The Structured Clinical Interview for DSM-IV (SCID-1V)24 was used to assess for
psychiatric exclusions, and the Mini Mental Status Exam25 was administered to assess
absence of cognitive impairment. The Conners’ Adult ADHD Diagnostic Interview
(CAADID; 26) was used to determine ADHD diagnosis. ADHD symptom ratings were also
obtained from someone who knew the subject well, such as a spouse/partner, parent, sibling,
or close friend, through completion of the Conners’ Adult ADHD Rating Scale-Observer
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(CAARS-0;26). Marijuana use for the ninety days prior to study entry was estimated using
the Time-Line Follow-Back (TLFB),27 and TLFB data were collected weekly throughout
the study. Weekly assessments included the Marijuana Craving Questionnaire (MCQ);28)
and the Clinical Global Impression of Severity and Improvement Scales (CGI-1 and CGI-S;
29) to rate ADHD symptoms and marijuana use. The Hamilton Anxiety Scale (HAM-A;30),
Hamilton Depression Scale (HAM-D;31), and Wender-Reimherr Adult Attention Deficit
Disorder Scale (WRAADS;32) were administered at baseline and weeks 1, 2, 4, 6, 8, and 12.
The CAARS-Self was completed by the participant at baseline and weeks 2, 4, 6, 8, and 12.
Semi-quantitative urine drug screens for marijuana were performed at baseline and at each
weekly visit.

The motivational interviewing intervention was modeled after the Drinker’s Check-Up33
and involved three sessions. The first session occurred prior to medication initiation, and a
second session occurred approximately one week later. These sessions incorporated use of a
personalized feedback report summarizing the participant’s frequency of marijuana use,
problems related to use, reasons for quitting, and high-risk situations for use. A third session
occurred at week 4, and was used to follow-up on action plans (if any) and formation of
short-and long-term goals.

Simple randomization was used to assign treatments to participants using a 1:1 allocation
ratio. Matching atomoxetine and placebo capsules were provided by the manufacturer of
atomoxetine (Eli Lilly and Company). Medication dosage was started at 25 mg atomoxetine
or placebo daily. The dose was increased to 40 mg atomoxetine or matching placebo daily
during the second week, and to 80 mg atomoxetine or matching placebo during the third
week as tolerated. During the fourth week, the dose could be increased to 100 mg
atomoxetine or matching placebo daily. Medication side effects were evaluated weekly
using a standard medication side effects checklist. Compliance was assessed by patient
report and pill count. Subjects received nominal monetary reimbursement for completion of
study assessments.

STATISTICAL CONSIDERATIONS

Sample Size Estimation

This study assumed there would be a 33% reduction in self-reported use in the placebo arm.
This estimate was based on the 25% reduction observed in the delayed treatment control
(DTC) arm of a previous report34 and an assumption that the motivational interviewing
would provide an additional 10% reduction in use. Based on preliminary data,35 it was
estimated that a 77% reduction in use would occur in participants receiving atomoxetine and
motivational interviewing. Using summaries of the number of times marijuana was used per
day,34 these estimated percent changes produced an effect size of approximately 1.0, with
this effect size based on an estimated treatment difference of 1.092 times used per day with a
common standard deviation of 1.1. Sample size formula for a two-tailed t-test (90% power;
alpha=0.05) indicated 23 subjects per arm were necessary. An attrition rate up to 30% was
anticipated, so the inflation factor of 1/(1-d), where d represented the anticipated dropout
rate, was used to adjust the sample size for attrition.36 Thus, a total of 35 subjects per arm
were determined to be sufficient, but enrollment was increased because there was a higher
than anticipated attrition rate.

Outcome Measures

The primary efficacy outcome for this study was the mean self reported use during Week 12
of the study. Secondary efficacy endpoints included longitudinal self-reported use, weekly
semi-quantitative urine drug screens, and ADHD symptoms as measured by the WRAADS
and CGI improvement scale.
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Primary Statistical Analysis

The protocol specified an analysis of covariance (ANCOVA) model examining the effects
of treatment on the Week 12 average self-reported marijuana use while controlling for the
90 days pre-treatment average marijuana use. Last observation carried forward (LOCF) was
used to impute the Week 12 value when the subject did not complete the trial (n=22). The
variance of the Week 12 results was proportional to the amount of use at baseline (i.e.,
heteroscedasticity, a violation of the constant variance assumption), so weighted least
squares was used.37. The weights for each observation were set at the reciprocal of the
baseline use value. To address the inherent limitations of the LOCF imputation method,38
sensitivity analyses on the weekly self-reported marijuana use were conducted using mixed
effects modeling and generalized estimating equations. Longitudinal trajectories of the
weekly self-reported use were modeled using generalized linear model (normal distribution,
identity link).39 A GLM, as the name implies, is a robust modeling framework that allows
for non-normally distributed dependent variables and alternative ways of “linking” the
dependent variable to the independent variables of interest. For this model, the distribution
was specified as normal and the identity link was used; however, the normality assumption
(of the residuals) was questionable, so the robust (sandwich) variance estimator was used to
correct for the potentially misspecified model.40

The between group difference in percentage of positive UDS results (i.e., risk difference)
was also estimated using a generalized linear model (GLM) framework.39 To estimate the
risk difference directly, the GLM was configured with the identity link, a binomial
distribution for the dependent variable, and a systematic component of an intercept and an
indicator variable for the main effect of the randomized treatment group. Configured in this
manner, the beta-coefficient associated with the main effect of the treatment group was the
primary parameter of interest. That is, a test of this beta-coefficient equal to zero is a test of
the null hypothesis that there was no difference in the percentage of positive UDS results
between the two groups. Generalized estimating equations40 were used to account for the
clustering of UDS results within a participant.

The last reported CGl measurements were compared between groups using the t
approximation of the Wilcoxon Rank Sum Test. Final improvement ratings and changes
from baseline in the severity rating were analyzed separately for substance abuse and ADHD
symptoms and were also tested using the Wilcoxon Rank Sum Test. Safety data were
summarized using standard categorical data techniques. The denominator for the analyses
was the number of subjects in the modified ITT sample. Participants that experienced the
same event more than once were only counted as one case. Relative risk, as a measure of
association, was used to quantify the differences in the proportion of participants
experiencing the adverse events between treatment groups. In the event no adverse events
were observed in a particular group, the relative risk was not computed.

All primary analyses were conducted on the modified intention-to-treat (ITT) sample. This
analysis set included all participants that were randomized and provided at least one post-
randomization assessment. For comparative purposes, demographic summaries of the full
ITT sample (Figure 1, n=46) were computed. All analyses were conducted using the SAS
System (version 9.1.3, Cary, NC). The type | error rate was established a priori at 0.05, and
no corrections for multiple comparisons have been applied to reported p-values.

A total of 126 patients were consented. After initial eligibility was confirmed, 78 (n=39
placebo, n=39 atomoxetine) participants were randomized at the central pharmacy; however
only 46 (n=22 placebo, n=24 atomoxetine) received study medication. The majority (63%)
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of the randomized participants who did not receive study medication failed to return to the
second baseline examination, but 10 of the remaining 12 randomized participants did not
pass the comprehensive medical examination at the second baseline visit and were not
continued in the study. The remaining two randomized participants not included in the full
ITT sample withdrew consent prior to administration of study medication. The modified ITT
sample included the 38 participants (n=19 placebo, n=19 atomoxetine) who returned for at
least one post-baseline assessment. Sixteen participants (42% of the modified ITT sample)
completed the 12 week intervention. Participant flow through the study is summarized in
Figure 1.

The majority of the modified ITT sample was male (76%) and Caucasian (92%) (Table 1).
The mean (SD) age of the participants was 29.9 (11.5) years, and the majority (71%) had
onset of ADHD before the age of 7. The mean baseline ADHD severity rating based on the
CGI-S was 4.7 (SD=0.7). The use profile during the 90 days prior to baseline indicated that
marijuana was used, on average, on 87% of the previous days. The mean times used per
using day in this sample was 4.1 (SD=2.7). No statistically significant differences in
baseline characteristics were found between treatment groups, but there was a trend that the
placebo subjects had higher self-reported CAARS scores (p=0.06).

Primary Substance Abuse Efficacy Results

In weighted least squares analysis, the main effect of the randomization group was not
significant (B =—0.34, SE=0.44; p=0.44) at predicting the Week 12 mean self-reported use
after adjusting for the mean use over the 90 days prior to randomization (Table 2). As
expected, higher baseline use was associated with higher Week 12 mean self-reported use (
=0.51, SE=0.12; p<0.001), and this variable explained 36% of the residual variation in the
Week 12 mean self-report use after controlling for the randomized treatment assignment. In
contrast, the randomized treatment assigned only explained 1.7% of the residual variance
after adjustment for baseline use.

In unadjusted longitudinal analyses (only the main effect of study week or “time’), no
temporal trends were detected in self-reported use when visit week was treated as a factor
(degrees of freedom=11, p=0.23) or a continuous variable (df=1, p=0.14). Further, when the
main effect of the randomized treatment assignment and its interaction with the continuous
time were added to the model, neither parameter estimate reached statistical significance
(p=0.73, p=0.19; respectively). Similar findings were observed using the semi-quantitative
UDS results. In particular, the main effect of treatment, when modeled as the sole predictor
in the GLM/GEE framework, was not significant (p=.83). In the more traditional
longitudinal setting, the treatment assignment by study week assignment was also non
significant (p=0.77; the log-odds, or logit, link was used for this analysis). Change in
absolute rating and improvement rating on the CGI for substance abuse did not differ
between groups (p=1.0, p=0.65; respectively).

ADHD Efficacy Results

Participants randomized to atomoxetine had greater improvement on the CGI-I scale than
those participants treated with placebo (Atomoxetine M(SD): 2.6 (0.7), Placebo: 3.3 (0.9);
p=0.022) (Table 2). The change in absolute severity ratings from baseline, while not
statistically different, supported these findings (Atomoxetine: —1.22 (0.9), Placebo: —0.89
(1.3); p=0.21). The longitudinal linear trajectories of the WRAADS and CAARS-SELF did
not differ between groups (p=0.80, p=0.73; respectively). There was some indication of
separation between the two treatment groups early in the study for the WRAADS; however,
this finding may not be clinically significant due to the delayed onset of atomoxetine’s
therapeutic effect. Specifically, the atomoxetine participants had a greater rate of decline in
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ADHD symptoms measured by the WRAADS over the first 4 weeks (p=0.023), but the
treatment by time interaction was not significant after week 4 (p=0.38).

In post hoc analysis, growth curve models of the WRAADS and CAARS-Self measures
over the course of the study were examined using a random intercept and slope mixed
model. For these exploratory models, only the main effect of study week was included (i.e.,
treatment and the treatment by time interaction were not included). Both models suggested
that ADHD symptoms decreased significantly over the course of the treatment (p<0.001 for
both dependent variables); however as was reported previously, no significant treatment
effects on the rates of decline were found in these measures over the course of the entire
treatment period.

Exploratory Analyses

In exploratory analyses, the rates of heavy use while on study were examined. Heavy use
was defined post hoc as use beyond the 75™ percentile of baseline use, and for this study, six
standard marijuana units was determined to constitute heavy use. The median percentage of
study days reported with heavy use for the atomoxetine group was 0% of study days
(interquartile range-IQR: 0% to 1.2%) and 2.1% (IQR: 0% to 6.0%) for the placebo group
(p=0.46). Further, the percentages of subjects with no heavy use days while on study were
68% (13/19) and 47% (9/19) for atomoxetine and placebo treated participants, respectively
(p=0.32).

An exploratory analysis evaluating the association of improvement in WRAADS score with
a reduction in marijuana use was conducted. Participants were categorized as either reducing
the percent days in which they had a positive cannabinoid UDS during the study from the 90
days prior to entering (n=29) or not reducing their percent days positive (n=9). Participants
who reduced use had a mean reduction (SD) in WRAADS score of 14.5 (9.9) points
compared to a reduction of 8.6 (6.6) points observed in participants who did not reduce their
marijuana use during the study. Although these findings are suggestive of a relationship
between a reduction in marijuana use and improvement in ADHD symptomatology, the
findings were not statistically significant (p=0.11).

Safety and Tolerability

The majority of adverse events were mild to moderate in severity. Two subjects (one subject
receiving placebo and one subject receiving atomoxetine) were removed from the study for
medical reasons unrelated to study participation. All (19 of 19) of the atomoxetine-treated
participants experienced at least one adverse event compared to 84% of placebo-treated
participants (Table 3). Due to the small sample size, all of the confidence intervals for the
relative risk were wide and none supported the conclusion that the adverse event profile
differed between the two treatment groups; however, there were several known adverse
effects of atomoxetine that were unobserved in the placebo group rendering the calculation
of relative risk as undetermined. Notably, 26% of atomoxetine-treated participants
experienced sexual dysfunction compared to 0% in the placebo arm. Gastrointestinal side
effects have been commonly reported in patients receiving atomoxetine; this study suggests
that the risk of such side effects were 2.25 times higher for subjects treated with atomoxetine
relative to placebo (95% CI for Relative Risk: 0.83 to 6.06; p>0.05).

DISCUSSION

The results of this study suggest atomoxetine may have some utility in improving ADHD
symptomatology in marijuana-dependent adults. In particular, significant differences were
observed in the clinician rated level of ADHD improvement with atomoxetine treatment.
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However, no statistically significant between group differences in self-reported ADHD
symptoms or overall WRAADS scores were observed, and there was no statistically
significant improvement in marijuana use outcomes.

Consistent with the caution by Kraemer et al,41 the effect sizes of this initial investigation
across multiple potential efficacy measures were highly variable. In particular, the ADHD
effect sizes based on the pooled standard deviation ranged from as high as 0.80 for the CGlI
Improvement rating to as low as 0.31 for the change in CGI severity ratings over the course
of the study. The median ADHD effect size was 0.39, which is similar to the effect size
reported in studies of atomoxetine in adults with ADHD without comorbid substance use
disorders (0.35 and 0.40).42 Thus, the improvements in ADHD symptomatology seen in this
sample of marijuana-dependent adults are comparable to improvements in ADHD
symptomatology among non-substance dependent adults; however, this study was not
designed to detect an effect size of this magnitude.

The lack of improvement in several of the ADHD rating scales may be reflective of the
effects of marijuana on attention and cognitive processing. Laboratory experiments where
controlled doses of marijuana were administered have shown acute effects of marijuana on
attention processes,43 free recall, and other memory functions.44 Several studies have also
examined neuropsychological functioning in groups with varying levels of marijuana use
after some period of abstinence. Pope and Yurgelun-Todd45 reported that after one day of
abstinence from marijuana, participants with a history of heavy marijuana use showed
deficits in memory and mental flexibility when compared with infrequent marijuana
smokers. A follow-up study found that individuals with heavy marijuana use exhibited
cognitive deficits at least seven days following use; however, by day 28 of abstinence, there
were no significant differences on test performance among groups of current heavy users,
former heavy users, and a control group.46 These studies suggest that the
neuropsychological impairments associated with marijuana use may be more reflective of
residual rather than long-term effects. In the current investigation, the majority of the
subjects did not achieve abstinence from marijuana; hence, it is possible that the therapeutic
benefit of atomoxetine on attention was overshadowed by the acute effects of marijuana use.

There was no improvement in either self-reported marijuana use or urine drug screen
outcomes among participants receiving atomoxetine compared to those receiving placebo,
with an effect size based on the observed Week 12 self reported use of <0.1. A lack of
improvement in marijuana use measures is congruent with a recent open-label study of
atomoxetine in marijuana dependent adults without ADHD.47 Further, a recent open-label
trial of atomoxetine in cocaine-dependent individuals with ADHD also failed to find
improvements in substance use outcomes.48 Wilens and colleagues reported a reduction in
heavy drinking days in atomoxetine-treated individuals with comorbid alcohol use disorders;
however, no differences in mean drinks per day, drinks per drinking day, or proportion of
drinking days was observed.20 To note, in the study by Wilens and colleagues, a brief
period of abstinence was required of participants, which may suggest that atomoxetine is
more effective when initiated when individuals are not actively using. Thus, evidence across
multiple studies and multiple drugs of abuse suggests that atomoxetine, while beneficial to
non-drug outcomes, has minimal effect on drug use behavior.

This study has several limitations. The sample size was small, and a significant number of
participants did not complete the 12-week trial period. Poor retention has also been reported
in an open-label study of atomoxetine in cocaine-dependent individuals with ADHD.48 A
limitation of the study’s efficacy findings stems from the modified ITT definition. The
modification came from including only those subjects with at least one post-randomization
assessment instead of including all randomized subjects. Screening was completed over two

Am J Addict. Author manuscript; available in PMC 2011 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

McRae-Clark et al.

Page 8

baseline study visits; however, randomization was completed prior to the second baseline
visit. As Figure 1 illustrates, 32 randomized participants did not receive study drug at the
second baseline visit. An additional eight participants did return to the second baseline visit
to receive study medication but failed to return to any subsequent visits. Under ITT, these
participants should be included in the analysis, but these participants did not contribute to
the preliminary description of safety and efficacy in this population. As such, these
participants were excluded from this preliminary investigation (i.e., their data were not
imputed for the primary analysis).

The analysis of this data also included numerous comparisons of the group effect. In a
confirmatory setting, these analyses are widely known to inflate the Type I error rate;
however, in the current pilot study setting, these exploratory analyses were important to
better understand whether atomoxetine should be further tested in this comorbid population.
While most of the results were not statistically significant (i.e., the conclusions reached
would not change with the addition of multiple testing correction factors), caution is still
warranted when interpreting the findings. The overall impression is that while atomoxetine
treatment provided some improvement in ADHD symptoms, its efficacy in treating
marijuana dependence was far less pronounced. As marijuana dependence and ADHD
commonly co-occur and present treatment challenges, additional research on this topic is
needed.
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FIGURE 1.
Progress of patients in the study
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