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Abstract

Background and Objectives—The prevalence of ADHD is greater in substance use disorders
than the general population, and ADHD and substance use disorders share neurobiological
features such as dysregulation of reward circuitry. We tested the hypothesis that stimulants would
decrease marijuana use in a randomized controlled trial of extended release mixed amphetamine
salts (MAS-XR) for treatment of co-occurring ADHD and cocaine use disorders.

Methods—Marijuana users were defined as participants reporting use in the 30 days before study
initiation, collected with timeline follow-back. The original 14-week trial utilized a 3-arm
randomized design, comparing placebo, MAS-XR 60 mg, and MAS-XR 80 mg. For this analysis,
both MAS-XR groups were combined, leaving /7= 20 in the placebo group and 7= 37 in the
MAS-XR group. The primary outcome was proportion of subjects reporting any marijuana use per
study week. Comparisons between groups were made using a logistic mixed effects model
incorporating multiple predictors and modeling time-by-treatment interactions.

Results—There were no significant baseline differences in marijuana use frequency and quantity.
There was a significant decrease in the proportion of participants using marijuana over time in the
MAS-XR group, but no difference in the proportion of marijuana-use days over time.
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Discussion and Conclusions—Treatment of ADHD and comorbid cocaine use disorders with
MAS-XR is associated with increased weekly abstinence from marijuana but not with a decrease
in the proportion of marijuana using days per week.

Scientific Significance—Stimulant treatment of ADHD and cocaine use disorders may
diminish co-occurring cannabis use.

INTRODUCTION

The prevalence of Attention Deficit/Hyperactivity Disorder (ADHD) in all adults has been
estimated between 2.5% and 5.29%.1-3 In those with substance use disorders (SUD), ADHD
prevalence has been estimated at 10.8%, and patients with adult ADHD are three times as
likely to have any alcohol or drug use disorder compared to the general population.! ADHD
is associated with earlier onset of substance use, increased substance use in adulthood* and
poorer response to treatment.> Furthermore, increased substance use in adolescents with
ADHD has been linked with lower attention scores on neuropsychiatric assessments.6.7
ADHD and SUD may share common pathophysiology, such as dysfunction of the
dopaminergic reward system of the midbrain and basal ganglia, and of frontal cortical
regions involved in executive functioning and response inhibition.8

Given these findings, increased attention has been paid to the consequences of co-morbid
ADHD and substance use for clinical treatment including medication development. Though
there are no FDA-approved medications for cocaine dependence, agents that reverse
dopamine transporter activity and boost dopamine transmission like amphetamines have
shown promise, with dextroamphetamine and methamphetamine shown to reduce cocaine
use in patients with cocaine dependence alone,1%:11 and mixed amphetamine salts shown to
reduce cocaine use in co-occurring cocaine dependence and ADHD.12 Dextroamphetamine
and mixed amphetamine salts are FDA-approved treatments for ADHD, and are believed to
work by boosting dopamine levels in the forebrain. Different drugs of abuse including
cocaine and marijuana have been posited to alleviate aspects of ADHD symptomatology, as
theorized in the self-medication hypothesis of addictive disorders including cocaine3 and
echoed by patient surveys and anecdotal accounts.14.15

Marijuana use and marijuana dependence commonly co-occur with ADHD and SUDs like
cocaine dependence.16-19 The psychoactive component of marijuana, delta-9-
tetrahydrocannabinol (THC) acts as a partial agonist at CB1 receptors, broadly distributed in
the CNS with a variety of generally inhibitory effects on cognitive, affective and attentional
systems, and indirectly increases dopamine levels in the nucleus accumbens.29 Childhood
hyperactivity symptoms have been associated with earlier initiation of cannabis use, while
childhood and current inattentive symptoms are associated more severe cannabis use,
craving, and worse cannabis outcomes in young adults.2> Beyond ADHD, cannabis is
frequently used with other drugs22 often to either enhance intoxication or manage the side
effects of other drugs, which could help to reinforce behaviors with long-term medical and
social consequences, though moderate cannabis use has been associated with treatment
retention in a prior study of the comorbid ADHD and cocaine dependent population.23
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Despite this apparent interrelationship, atomoxetine, an approved non-stimulant
pharmacotherapy for ADHD, has shown no impact on marijuana use in a comorbid ADHD
and marijuana dependent population.?4 In a study of methamphetamine users, however, the
stimulant methylphenidate-SR was associated with fewer marijuana-positive urine drug
screens in the late phase of the trial compared to placebo,2® arguing that stimulants such as
methylphenidate or amphetamines reduce marijuana use in that population. Together, this
suggests that in a comorbid ADHD and marijuana-using population stimulants like
methylphenidate or amphetamines (but not atomoxetine) could potentially reduce marijuana
use as well as ADHD symptoms.

In this study, to begin to examine this question we addressed whether treatment of patients
with co-occurring ADHD and cocaine use disorders with extended-release mixed
amphetamine salts (MAS-XR) also led to reduction in use of marijuana. We conducted a
secondary analysis with data collected from a double-blinded placebo-controlled clinical
trial of patients with co-occurring ADHD and cocaine dependence where participants were
randomized to receive MAS-XR 60 mg daily, MAS-XR 80 mg daily or placebo with 45.2%
of study participants reporting marijuana use, and with the findings of the original trial
notable for reduction of ADHD symptoms in both MAS-XR groups compared to placebo,
and increased likelihood of weekly and sustained abstinence from cocaine compared to
placebo at both doses of MAS-XR. We hypothesized that treatment with MAS-XR would
increase abstinence from marijuana over the course of the study as well as decrease the
quantity and frequency of marijuana use.

METHODS

Participants and Criteria

Procedures

The methods utilized for the antecedent clinical trial and primary analysis have been
described elsewhere.12 Briefly, patients seeking treatment for cocaine use disorders were
enrolled at the Columbia University/New York State Psychiatric Institute (NYSPI)
Substance Treatment and Research Service (STARS) or at the Ambulatory Research Center
(ARC) at the University Of Minnesota Department Of Psychiatry. Inclusion criteria for the
study required participants to be aged 18-60, to meet criteria for adult ADHD and current
cocaine dependence as diagnosed by the Conners Adult ADHD Diagnostic Interview for
DSM-1V26 and the SCID for DSM-IV,27 respectively, and to be medically and
psychiatrically stable. Exclusion criteria included a history of mania, schizophrenia, or any
psychosis beyond transient symptoms related to drug use, evidence of abnormal cardiac
function or any unstable medical or psychiatric conditions. For this analysis, only those
participants who reported marijuana use in the 30 days prior to study enrollment were
included.

Study Design—The original clinical trial was approved by the Institutional Review Board
at both the University of Minnesota as well as at NYSPI. A Data Safety and Monitoring
Board met yearly to review significant adverse events, enroliment, and medication
tolerability. All participants provided written informed consent. Participants were enrolled in
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the trial from December 2007 through March 2013, with study completion in June 2013.
The study was a three-arm, randomized, double-blinded placebo-controlled parallel group
14-week trial comparing placebo, MAS-XR 60 mg daily, and MAS-XR 80 mg daily which
included a placebo lead-in during week 1 for all participants, followed by randomization as
shown in Fig. 1.

Randomization was in fixed blocks of four stratified by baseline cocaine use (measured via
quantitative urine testing) during the lead-in week, supervised by statisticians independent
from the study group at both sites. Participants unable to tolerate the assigned MAS-XR
dose underwent dose reduction based on clinical evaluation and a predetermined schedule.
All participants were tapered off the study medication in the final week of the trial. All
participants received a standardized weekly Cognitive-Behavioral Therapy/Relapse
Prevention Treatment that focused on addressing cocaine use, conducted by experienced
therapists.

Study Measures—Self-reported drug use data were obtained via the timeline follow-back
method, which has been validated for cannabis and cocaine use.28 This information included
reports of all substance use by day for 28 days prior to evaluation and then continuing
weekly throughout the study. Quantity of marijuana used was reported by either estimated
weight or the number of consumable units used (joints, blunts, bowls etc.) by participant
preference. Participants were scheduled for three study visits per week; urine samples to test
for cocaine use were collected at each visit, however, marijuana use was assessed solely by
TLFB. A once weekly assessment of ADHD symptoms, side effects and adverse events,
global clinical status, and medication adherence was also performed. Vital signs, blood
work, electrocardiograms, and pregnancy status were monitored regularly throughout the
study with cutoff parameters for continued participation.

Outcome Measures—We focus on two major outcomes, both assessed for each subject
separately: Weekly abstinence during the trial (marijuana abstinence outcome) and weekly
proportion of marijuana use days during the trial (change in marijuana use). Because no
differences between the 60 mg and 80 mg doses were expected with respect to the two
outcomes in this paper, to simplify our analyses subjects who received MAS-XR medication
(60 mg or 80 mg daily) were combined into one MAS-XR group and compared to the
placebo arm as seen in Fig. 1. All participant-reported marijuana data were standardized to
joints via conversions based on prior measurements of marijuana use practices at STARS,
with 1 blunt = 1.52 joints and 1 bowl/pipe = .60 joints.2? Each week after randomization was
scored as marijuana positive, negative or missing. A marijuana-abstinent week was defined
when all self-reported marijuana use for the week was negative. A marijuana-positive week
was defined as at least 1 positive self-report. Weeks with insufficient data to determine use
was designated as missing.

Statistical Analysis—Both outcomes were analyzed using longitudinal mixed effects
models that allow the existence of missing data; the inference from these models is valid and
unbiased as long as any missing outcome data are missing at random.
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To compare the weekly proportion of subjects abstinent between groups, a longitudinal
logistic mixed effects model was used with predictors including study arm (placebo vs.
combined MAS-XR), study week (continuous), study arm by week interaction, baseline
marijuana days used, baseline marijuana joints per using day, and treatment center (NY SPI
vs. University of Minnesota). The within-subject correlation between weeks was modeled
using an autoregressive AR(1) structure, the differences between subjects were modeled
using random effects. Significant time by treatment interaction indicates differential slopes
over time between treatment groups. To better describe the significant time by treatment
interaction, contrasts were tested at each time point between treatment groups.

To examine the proportion of marijuana use days per week between the groups,a
longitudinal mixed effects model wasused with predictors including study arm, week, study
arm by week interaction, baseline marijuana days used, baseline joints per using day, and
center. The within-subject weekly correlations were again modeled using autoregressive
AR(1) structure, and subjects were modeled using random effects. A non-significant time-
by-treatment interaction was removed from the model and the main effect of treatment and
time were tested.

Additionally, baseline marijuana joints per using day and the number of marijuana using
days in the past 30 were compared between the groups using T-tests. All analyses were
performed using PROC GLIMMIX in SAS 9.3. All statistical tests were 2-tailed and with a
significance level of 5%.

Including only participants with marijuana use in the 30 days prior to enrollment resulted in
two groups, 20 receiving placebo and 37 receiving MAS-XR. At baseline, there were no
significant differences between the groups on the number of marijuana joints per using day
(&5 = .95, p=.3450) or in the number of days of marijuana use in the month prior to
enrollment (&5 = .93, p=.3578) as shown in Table 1. There were no differences between the
groups in age, sex distribution, education level, race or ethnicity. The dropout rate in the
placebo group was 30% compared to a dropout rate of 24.3% in the active arm.

Subject-Wise Weekly Abstinence During Trial

Analysis of the proportion of subjects using marijuana per week revealed significant
interaction between study arm and week (£ gsg = 5.39, p=.0206), indicating significant
differential slopes between treatment groups as seen in Fig. 2. The different trends of
proportion of subjects using marijuana per week for each treatment group resulted in a
significant contrast difference at study week 14 (OR = 4.99, fz5g = 2.00, p=.0454): the odds
of smoking marijuana in week 14 for subjects in the placebo group were almost five times
the odds of those in the MAS-XR group (OR = 4.99). The proportion of subjects using
marijuana per week decreased significantly over the duration of the study for the MAS-XR
group (%sg = —3.72, p=.0002) and no such significant decreasing trend was found for the
placebo group. The proportion of subjects using marijuana per week was not significantly
different between sites (F g58 = .65, p = .4210). Baseline days of marijuana use were
significantly related to weekly marijuana use by subjects (/1 g5g = 16.10, p<.0001)
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indicating that subjects with higher number of days of marijuana use at baseline are more
likely to use marijuana during later study weeks. Number of joints per using day at baseline
was not significantly related to weekly marijuana use by subjects (Fy gsg = 2.46, p=.1173).

Weekly Proportion of Marijuana Use Days During Trial

Analysis of proportion of marijuana use days per week suggested that there were no
significant differences between slopes for each group over time (see Fig. 3), thus the
interaction between study arm and week was not significant (F; gsg = .62, p=.4326) and
was omitted from the final model. Additionally, there was no significant difference between
the MAS-XR group and the placebo group overall (£ gs9 = 1.07, p=.3004), over time
(F1,650 = .02, p=.8809) nor across sites (F1 g59 = .17, p=.6793). Weekly proportion of
marijuana use days were significantly related to baseline days of marijuana use (£ g59 =
42.02, p<.0001) and number of joints per using day (1 g59 = 8.02, p = .0048) with a higher
number of days of marijuana use and a higher number of joints per using day at baseline
significantly related to a higher weekly proportion of marijuana use days during the trial.

DISCUSSION

Our results confirmed our hypothesis that treatment with extended-release mixed
amphetamine salts (MAS-XR) is associated with increased abstinence from marijuana in a
predominantly male population with comorbid ADHD and cocaine use disorders, in contrast
to prior studies of this population with non-stimulant pharmacotherapies for ADHD.24 There
was no difference between the groups, however, in the weekly proportion of marijuana use
days throughout the study. The finding of increased abstinence from marijuana by study
week over time in the MAS-XR group suggests that in this dual use population stimulants
may promote clinically significant durations of marijuana abstinence, increasing over time
with exposure to the medication. Use of stimulants like MAS-XR in this comorbid
population could help to extinguish marijuana use, which could be of significant clinical
importance, as the importance of comorbid substance use in perpetuating other drug use has
been documented in the literature, mostly focusing on tobacco and cannabis3® and tobacco
and other drug use disorders.31:32

Whether this effect is mediated by treatment of ADHD symptoms by the study medication,
treatment of cocaine dependence, dopamine-enhancing effects of stimulants reducing
reinforcing effects of marijuana, or some other factor is unclear, however, and ultimately
beyond the scope of this analysis due to power analysis limitations. Baseline differences in
the amount (joints/day) of marijuana had no significant impact on this association; however,
the number of days of marijuana use at baseline did, implying that frequent users were more
likely to continue use by week throughout the trial. Though marijuana abstinence by week
was increased during the study, weekly proportion of marijuana use days in the MAS-XR
group did not decrease and did not significantly differ from placebo group. Frequent heavier
marijuana users may be more likely to experience withdrawal symptoms with reduction in
use or abstinence, which is associated with relapse risk33 an effect consistent with results for
other substances of abuse such as alcohol.3*
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There are other possible explanations for this effect, however; first, to the extent that
concurrent marijuana use might enhance cocaine use or vice versa, reduction of cocaine use
via a medication intervention could also reduce use of marijuana. Second, decreasing
cocaine use, the result of the primary study, could be associated with decreased marijuana
use due to less need to reduce acute cocaine intoxication or withdrawal effects like agitation,
irritability or insomnia with marijuana rather than any impact of the stimulant on cognitive
or executive control deficits. That those unpleasant symptoms may be mediated by
decreased dopamine transmission after the initiation of cocaine abstinence may help explain
why participants not seeking treatment for marijuana use and using less cocaine on
aggregate, but now on a dopamine-boosting medication like MAS-XR, would also reduce
their use of another dopamine-enhancing substance given the vulnerability to drug craving
after onset of abstinence.3®

Lending credence to this idea is the finding that bupropion, another dopamine enhancer, has
been associated with reduced use of both cocaine and heroin in a methadone-dependent
cocaine-using population in conjunction with contingency management,3® suggesting a
broad impact on substance use from altering dopamine transmission beyond “like for like”
or agonist substitution. Regardless of the precise mechanism of action of our intervention,
our findings suggest the importance of thorough assessment of ADHD and co-morbid
substance use disorders, as stimulant treatment may help patients with comorbid cocaine
dependence and ADHD moderate or extinguish marijuana use that could contribute to an
overall lower level of functioning.

There are several limitations to our findings. As a secondary analysis, our study is not
primarily powered to assess marijuana outcomes in this relatively small sample. As the
primary study was focused on cocaine dependence and ADHD, there was no minimum
baseline of marijuana use or severity among participants, insufficient statistical power to
stratify by the quantity of marijuana used by participants and a lack of data on which
marijuana-using participants categorically met DSM-1V criteria for cannabis dependence. In
addition, because the original analysis focused on cocaine outcomes, urine cannabinoids
were not available for analysis and though self-reported marijuana use has been validated as
an outcome measure in past studies8 this remains a limitation. Due to the complexity of the
study’s longitudinal design and the sample size, mediation analyses to clarify the impact of
changes in ADHD symptoms or cocaine use with stimulant treatment were not performed.
The male predominance in this sample population also reduces the generalizability of our
results. Further research is warranted to duplicate this finding in participants with more
homogenous marijuana use patterns and a more balanced gender representation and to
explore whether any changes in marijuana use are mediated by changes in ADHD
symptomatology, cocaine use or measures of dopamine signaling in the CNS.

CONCLUSIONS

Treatment of ADHD and comorbid cocaine use disorders with extended release mixed
amphetamine salts is associated with increased abstinence from marijuana in those reporting
baseline marijuana use.
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1,614 Assessed for Eligibility

1475 Excluded
437 Did not meet inclusion
criteria
346 No ADHD

A 4

139 Entered Trial
7 lost to follow up
3 Not compliant
1 Sought treatment elsewhere
1 SAE
1 Adverse Event

l

126 Randomized

v

meeting minimum use
criteria
562 Met exclusion criteria
245 Psychiatric
233 Medical
84 Other
476 Refused to participate

91 Not cocaine dependent/or

43 Randomized to placebo
43 Received assigned intervention
20 Used marijuana in the 30 days
pre-trial

40 Randomized to 60mg MAS-XR
40 Received assigned intervention
19 Used marijuana in the 30 days

pre- trial

43 Randomized to 80mg MAS-XR
43 Received assigned intervention
18 Used marijuana in the 30 days

pre-trial

Y

A 4

A 4

14 Marijuana users completed 13
weeks of trial
6 Discontinued trial

15 Marijuana users completed 13
weeks of trial
4 Discontinued trial

13 Marijuana users competed 13
weeks of trial
5 Discontinued trial

20 included in marijuana outcomes
analyses

37 included in marijuana
outcomes analyses

FIGURE 1.
CONSORT flow diagram of participants through the trial.
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FIGURE 2.

Estimated proportion of subjects using marijuana by study week.
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FIGURE 3.
Estimated proportion of days using marijuana by study week.
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TABLE 1

Demographics (/7= 57)
Placebo MAS-XR
(N =20) (N=37)
Demographic characteristics Mean SD Mean SD
Age (years) 366 58 393 88
Education (years) 14.2 2.0 14.1 23
nooet N %”
Male 17 85.0 28 75.7
Race/ethnicity
Hispanic 3 15.0 3 8.1
Black 3 15.0 7 18.9
White 13 650 24 649
Asian 0 0 1 2.7
NA/AN 1 5.0 2 5.4
Clinical characteristics
Marijuana joints per using day 2.3 19 1.9 15
Marijuana days used (past month) 145 11.3 116 113

*
Percentages may not add up to 100 due to rounding.
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