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Abstract
Background: Cannabis is the most frequently used illicit substance in the United States resulting in high rates of cannabis use
disorders. Current treatments for cannabis use are often met with high rates of lapse/relapse, tied to (1) behavioral health factors
that impact cannabis use such as poor sleep, and (2) access, stigma, supply, and cost of receiving a substance use intervention.
Objective: This pilot study examined the feasibility, usability, and changes in cannabis use and sleep difficulties following
mobile phone–delivered Cognitive Behavioral Therapy for Insomnia (CBT-I) in the context of a cannabis cessation attempt.
Methods: Four male veterans with DSM-5 cannabis use disorder and sleep problems were randomized to receive a 2-week
intervention: CBT-I Coach mobile app (n=2) or a placebo control (mood-tracking app) (n=2). Cannabis and sleep measures were
assessed pre- and post-treatment. Participants also reported use and helpfulness of each app. Changes in sleep and cannabis use
were evaluated for each participant individually.
Results: Both participants receiving CBT-I used the app daily over 2 weeks and found the app user-friendly, helpful, and would
use it in the future. In addition, they reported decreased cannabis use and improved sleep efficiency; one also reported increased
sleep quality. In contrast, one participant in the control group dropped out of the study, and the other used the app minimally and
reported increased sleep quality but also increased cannabis use. The mood app was rated as not helpful, and there was low
likelihood of future participation.
Conclusions: This pilot study examined the feasibility and initial patient acceptance of mobile phone delivery of CBT-I for
cannabis dependence. Positive ratings of the app and preliminary reports of reductions in cannabis use and improvements in sleep
are both encouraging and support additional evaluation of this intervention.
(JMIR Res Protoc 2015;4(3):e87) doi:10.2196/resprot.3852
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Introduction
Cannabis is the most frequently used illicit substance in the
United States [1], with rates of cannabis use disorders rising
among particularly vulnerable populations (eg, veterans [2]).
Recently, rates of use and treatment admissions have increased,
while public perception of harm associated with cannabis use
has decreased. There is clear scientific evidence that long-term,
heavy use of cannabis can result in negative health effects
including addiction [3]. Although a number of interventions are
available for the treatment of cannabis use disorders (eg,
contingency management, cognitive behavioral therapy [4]),
rates of lapse and relapse, particularly among vulnerable
populations, remains remarkably high [5-7].
In light of the relatively poor outcomes associated with standard
cannabis use disorder treatments, there has been increasing
interest in identifying malleable factors associated with
heightened relapse risk among individuals dependent on
cannabis, specifically for the purposes of intervention
development and refinement [8-12]. Indeed, poor sleep quality
has received a considerable amount of recent attention as a
malleable factor implicated in the maintenance of, and relapse
to, cannabis use [8]. Driven by the observation that cannabis
may have acute sleep-promoting effects [13,14] and that
individuals dependent on cannabis experience heightened sleep
difficulties during abstinence [15,16], recent research has
documented that many cannabis users specifically report using
cannabis to cope with or “treat” sleep difficulties [17,18].
From these findings, the evaluation of existing sleep treatments
as clinical tools to aid in the treatment of cannabis use disorders
has been proposed, with the aim of improving sleep and reducing
individual “self-medication” with cannabis [8]. Initial work in
this domain has focused on pharmacological treatments for
sleep. Vandrey et al [19] tested the efficacy of zolpidem for the
attenuation of sleep disturbances (ie, sleep efficiency, total sleep
time, subjective sleep quality) during a cannabis cessation
attempt and found strong evidence for the efficacy of zolpidem
in terms of reducing poor sleep during cannabis withdrawal.
Vandrey’s study was an important first step in determining the
efficacy of sleep treatments for those with a cannabis use
disorder; however, there has yet to be an examination of
behavioral sleep interventions for individuals attempting
cannabis cessation.
Cognitive Behavioral Therapy for Insomnia (CBT-I) is the
leading behavioral treatment for sleep disturbances [20,21].
Although there has been some initial investigation of the efficacy
and clinical benefit of CBT-I among individuals with alcohol
dependence [22,23], there has yet to be an investigation of the
use of CBT-I among individuals with a cannabis use disorder.
Given identified barriers to substance use disorder care that
include access, stigma, supply, and cost [24-27], a mobile phone
app could extend reach and utilization of CBT-I among those
with a cannabis use disorder. Compared with traditional care,
technology can offer personalized treatment for health risk
behaviors such as substance use, while using less counselor
time and increasing availability at moments of great need. For
example, in a randomized trial of 349 alcohol-dependent patients
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leaving residential treatment, those who received a mobile phone
app intervention for 8 months had fewer risky drinking days at
4 months follow-up than those in a usual care control group
(1.39 days vs 2.75 days [28]). In the treatment of cannabis use
disorders, one recent study showed that computerized delivery
of evidence-based psychosocial therapy (Motivational
Interviewing+Cognitive Behavioral Therapy+Contingency
Management) was as effective as the same therapy delivered
by a counselor [29]. There has been one report of an app to treat
cannabis use disorder with promising ratings of ease and overall
usefulness from users [30]. However, there has yet to be an
evaluation of cannabis use outcomes for those receiving
treatment through a mobile phone app.
This pilot study aimed to begin addressing these gaps in the
literature by determining the feasibility of providing CBT-I to
individuals with a cannabis use disorder engaged in a cessation
attempt through a mobile phone app. CBT-I was administered
via mobile app instead of in-person sessions as this would allow
for greater reach of the intervention (ie, rural areas) and
consistent fidelity of the intervention. For the purposes of this
feasibility study, we sought to examine mobile app engagement,
user-friendliness, and use and future interest in use, in order to
provide initial data regarding the feasibility and usability of this
technology among veterans with a cannabis use disorder. As a
secondary aim, we examined preliminary trends in the impact
of app use on cannabis and sleep outcomes. Specifically, we
hypothesized that receiving CBT-I through an app, within the
context of a self-guided cannabis cessation attempt, would be
acceptable to study participants and utilization of the app would
correspond with a reduction in cannabis use and an improvement
in sleep quality.

Methods
Recruitment and Participants
Recruitment
In terms of recruitment, 40 individuals contacted the lab
expressing interest in the study. Individuals leaving a message
were contacted up to four times for the purpose of conducting
an initial phone screening. Of the original 40 individuals, 28
veterans who contacted the lab were screened over the phone.
Of these, 12 individuals were screened out because they did not
report current cannabis use, 6 were not veterans, 5 reported no
interest in quitting, and 1 individual was eligible but refused to
participate. This resulted in a total sample of 4 individuals.

Participants
Study participants (N=4) were adult veterans (18 and over) who
reported (1) current sleep problems, defined as a total score of
5 or greater on the Pittsburgh Sleep Quality Index (PSQI) [31],
(2) a cannabis use disorder, as defined by the Diagnostic and
Statistical Manual of Mental Disorders (DSM), 5th edition
(DSM-5) [32], (3) a self-reported interest in making a cessation
attempt within the next 30 days, and (4) veteran status. The
mean age of the sample was 47 years (SD 16.31; range 27-65
years), and all participants were male. Two participants
self-identified as Caucasian, 1 black/non-Hispanic, and 1
black/Hispanic. All met criteria for cannabis use disorder, 1 had
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posttraumatic stress disorder (PTSD), and 2 had a current alcohol
use disorder.

Measures
The Structured Clinical Interview-Non-Patient Version (SCID
I-N/P) for DSM-IV [33] was administered at baseline to
determine current Axis I diagnostic status. Diagnosis for
substance use disorders was derived from DSM-5 criteria [32],
with additional questions added to account for any changes in
diagnostic criteria between DSM-IV [34] and DSM-5 (eg,
withdrawal for cannabis). Trained research study staff conducted
all interviews, with diagnoses discussed with and confirmed by
the last author.
A Mobile App Use Measure (MAUM) was developed to gather
information about participant use of both the experimental (ie,
CBT-I) and control (mood-tracking) apps between baseline and
2-week follow-up, as neither app recorded use data. The MAUM
prompted participants to report on (1) frequency of app use, (2)
length of use per occasion, (3) components of the app that were
used most often, (4) user-friendliness of the app, (5) helpfulness
of the app, (6) likelihood of future app use, (7) use of the app
for sleep improvement, and (8) use of the app for cannabis
cessation. The MAUM was administered at 2-week follow-up.
Sleep quality at baseline and 2-week follow-up was assessed
with the 19-item Pittsburgh Sleep Quality Index (PSQI) [31].
Participants indicated their usual bedtime, how long it took them
to fall asleep, their usual waking time, and their usual hours of
sleep per night, as well as responding to questions such as,
“During the past month, how often have you had trouble
sleeping because you cannot get to sleep within 30 minutes?”
and “During the past month, how often have you taken medicine
(prescribed or over the counter) to help you sleep?” on a 4-point
Likert-type scale (0=not during the past month, 3=three or more
times a week). At baseline, all questions referred to the past
month; the questionnaire was modified for follow-up assessment
to capture sleep quality only during the time since baseline (ie,
2 weeks). Algorithms were used to generate 7 component scores
and a global total score (for scoring algorithms, see Buysee
[31]). Components of the PSQI include subjective sleep quality
(defined as the overall quality of sleep), sleep latency (amount
of time to fall asleep), sleep duration (number of hours of actual
sleep per night), sleep efficiency (number of hours of sleep
divided by number of hours spent in bed), sleep disturbances
(a non-specific index of nighttime disturbances including
symptoms of sleep apnea, middle insomnia, disturbing dreams,
and physical conditions such as pain), sleep medication (use of
prescribed or over-the-counter sleep medication), and daytime
dysfunction (trouble staying awake and/or decreased energy
during the day). Both component and global scores were
calculated. The global score of the PSQI had a high level of
internal consistency in this sample (Cronbach alpha=.94
baseline, .81 follow-up).
The Timeline Follow-Back Interview (TLFB) [35] was
administered at baseline and 2-week follow-up to obtain data
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on frequency and quantity of cannabis, tobacco, and alcohol
use during the 90 days prior to baseline and between baseline
and 2-week follow-up appointments. Average cannabis use was
calculated as the mean quantity of use across each day of the
given assessment period. As quantity of cannabis used on each
day was indexed by a graphical depiction of varying quantities
that ranged from 0 (lowest amount) to 8 (highest amount [36]),
with the possible range for average cannabis use across any
given period being 0-8. The TLFB has demonstrated good
reliability and validity across cannabis using and veteran samples
[37,38]. Due to an initial variation in the protocol, for Participant
1, the Marijuana Smoking History Questionnaire (MSHQ) [36]
was used to assess baseline cannabis use. The MSHQ is a
self-report instrument that includes items pertaining to cannabis
smoking rate (lifetime and past 30 days). Two questions
assessing (1) frequency of use within the past 30 days, and (2)
quantity of use on each occasion (identical to the graphical
depiction used in the TLFB) were multiplied and then divided
by the total number of days in the assessment period to
determine the participant’s past 30-day mean cannabis use (range
0-8).

Treatment Apps
CBT-I Coach
Cognitive behavioral therapy for insomnia (CBT-I) was
administered via the CBT-I Coach mobile app for iOS [39]. The
content of CBT-I coach mirrors that provided by traditional
CBT-I and includes four main interactive content areas: “My
Sleep”, “Tools”, “Learn”, and “Reminders”. “My Sleep”
provides individualized tracking of sleep and sleep prescriptions
for sleep restriction (see Figure 1). Here, individuals can
complete sleep diaries, update and track sleep prescriptions,
complete sleep assessments to determine patterns in sleep
disruption, and obtain individualized suggestions for improving
sleep. Guidelines for sleep restriction and determining the
prescribed sleep and rise times were completed during the
baseline session with study staff. Sleep and rise times were then
entered into the CBT-I Coach, which created alarms and
reminders as well as tracking wake and rise times for compliance
to the sleep restriction prescription. The “Tools” section provides
(1) psycho-education consistent with CBT-I strategies and
framework including sleep hygiene tips and stimulus control
instructions, (2) guided relaxation tools that can be used in the
moment to assist in treatment outcomes (eg, guided relaxation,
guided worry time, cognitive restructuring exercises), and (3)
individualized recommendations for relapse prevention. The
“Reminders” section includes menus to customize and set
reminders to (1) complete assessments, (2) set alarms for
prescription bed and rise times, and (3) begin wind-down time.
Finally, the “Learn” section includes psycho-education on stages
of sleep, why we sleep, additional sleep disorders, and treatment
including CBT-I. A glossary of terms is also provided as well
as recommended good sleep habits. Participants randomized to
this condition were provided with an iPod touch with CBT-I
coach for the duration of the study.
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Figure 1. Example screenshots from CBT-i Coach.

Mood-Tracking App
A self-monitoring mobile app [40] was provided to those
randomized to the control condition to test the feasibility of
implementing a placebo mobile app. The iOS-based
mood-tracking app is a self-monitoring tool, which allows for
tracking and referencing emotional experiences (ie, sadness,
happiness, stress, anxiety) over time using a visual analogue
rating scale. The design of the mobile app is similar to that of
CBT-I coach, and symptom rating scales are comparable across
apps. Participants randomized to this condition were provided
with an iPod touch with the mood-tracking app for the duration
of the study.

Procedure
Participants were recruited from a VA hospital in the San
Francisco Bay Area via flyers placed throughout the hospital
campus and by referrals from clinical staff. Recruitment
materials were designed to target veterans interested in making
a cannabis cessation attempt. Interested individuals contacted
the research lab and completed a brief phone screen to assess
for initial eligibility. Those meeting initial eligibility criteria
were scheduled for a baseline appointment 1 day prior to the
date that they would be willing to make an independent,
self-guided, cannabis cessation attempt.
On arrival for the baseline appointment, individuals provided
written informed consent. Individuals consented to participate
in a cannabis cessation attempt and to engage with a behavioral
program via mobile app. The inclusion of a sleep intervention
was not discussed in recruitment or consenting procedures.
Following informed consent, participants were interviewed with
the SCID I-N/P and then completed a battery of self-report
measures. Following the completion of the baseline assessment,
participants were randomly assigned, by coin flip, to receive
either the CBT-I (experimental condition) or mood-tracking
app (control condition). Following randomization, participants
http://www.researchprotocols.org/2015/3/e87/
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were then loaned an iPod touch with charger, trained on how
to use their assigned mobile app (which was pre-installed), and
instructed to (1) make a cannabis cessation attempt beginning
the following morning, and (2) use their assigned mobile app
during the first 2 weeks of their cessation attempt. At the end
of the baseline assessment, contact information was obtained
for each participant to allow for reminder calls regarding app
use and follow-up appointment date. Participants were then
scheduled for their 2-week follow-up and compensated US $45
for completion of the baseline appointment.
Two weeks following baseline, participants returned to the
research laboratory to complete a self-report assessment battery
that was similar to the baseline assessment, with the exception
of the SCID I-N/P and addition of the MAUM. Following the
2-week follow-up assessment, participants were instructed to
relinquish their iPod touch devices and were compensated US
$45. All study procedures were approved by the VA Palo Alto
and Stanford Institutional Review Boards.

Data Analytic Plan
Based on the small sample size of this pilot study, study
outcomes (cannabis use, sleep, and metrics of mobile phone
app use) were examined qualitatively for each participant
separately.

Results
Information regarding baseline and follow-up scores on study
variables can be found in Table 1. Below is an overview of
cannabis use and sleep for each participant during baseline and
follow-up assessments.
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Individual Results
Participant 1
Participant 1 was a 42-year-old single Caucasian male veteran
who met DSM-5 criteria for current cannabis use disorder and
alcohol use disorder. Participant 1 was a non-smoker and did
not meet criteria for any mood or anxiety disorders. He was a
novice with mobile technology and did not own a smartphone.
As noted in the Method section, the MSHQ was administered
instead of the TLFB for this participant. Based on the number
of reported days using cannabis during the prior month, coupled
with the quantity reported, we were able to extrapolate this
participant’s cannabis use during the 30 days prior to baseline
(see Figure 2). From this, we were able to determine that the
participant’s mean cannabis use for the 30 days preceding his
baseline appointment was 0.40 (on the 0-8 visual scale [36]).
In terms of baseline sleep, a total PSQI score of 9 was observed,
with a notable impairment in sleep efficiency (ratio of time
asleep to time spent in bed trying to sleep; 58%). He reported
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no use of medications (prescription or over-the-counter) for
sleep.
Participant 1 was randomly assigned to receive CBT-I coach.
He reported using the mobile app daily over the 2-week course
of his cessation attempt. On average, Participant 1 used the app
for 5 minutes at a time and typically interacted with the app in
the morning. He reported the most helpful aspect of the app as
allowing him to track and view his sleep over the 2-week period.
He reported the app as user-friendly and indicated interest in
using it in the future. Participant 1 also reported that the app
helped his sleep because it provided daily accountability to the
intervention components. He also noted that it helped with the
cessation attempt because it made him more aware of when and
how much cannabis he was using. At 2-week follow-up,
Participant 1 had self-reported no cannabis use during the
2-week study period. His total PSQI score did not change from
baseline (total score=9); however, his sleep efficiency increased
from 58% to 80%, bringing it to just below the normal range
(85%). At follow-up he reported using medication (prescription
or non-prescription) less than once a week for sleep.

Figure 2. Quantity of cannabis use during each day of the 90-day (30-days for participant 1) baseline and 2-week follow-up periods for each participant,
as measured by the MSHQ (Participant 1) and TLFB (Participants 2-4). Vertical dashed line indicates the cessation day for each participant. Because
Participant 2 did not complete the follow-up assessment, his data are not presented. Horizontal gray solid lines represent mean cannabis use during the
represented timeframe (baseline, 2-week follow-up).
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Participant 2
Participant 2 was a 54-year-old widowed black/non-Hispanic
male veteran who met DSM-5 criteria for current cannabis use
disorder and alcohol use disorder. He did not meet criteria for
any mood or anxiety disorders. Participant 2 was a tobacco
smoker, consuming an average of 4 cigarettes per day. His mean
cannabis use over the 90 days prior to the baseline appointment
was 0.71 (on the 0-8 visual scale [36]) and his baseline PSQI
total score was 19, with a sleep efficiency of 28%, which
indicates a clinically significant level of sleep disturbance [31].
He reported using medication (prescription or non-prescription)
once or twice a week for sleep.
Participant 2 was randomly assigned to the control condition
(mood-tracking app). This participant dropped out of the study
(ie, did not complete his 2-week appointment), thus follow-up
data are not available.

Participant 3
Participant 3 was a 65-year-old married black/Hispanic male
veteran who met DSM-5 criteria for cannabis use disorder. He
did not meet criteria for any mood or anxiety disorders.
Participant 3 was also a novice with mobile apps and did not
own a smartphone. His mean cannabis use over the 90 days
prior to the baseline appointment was 0.18 (on the 0-8 visual
scale [36]; see Figure 1). The participant’s sleep at baseline was
consistent with significant sleep disturbance (PSQI total
score=17 [31]) and impaired sleep efficiency (29%). He reported
using medication (prescription or non-prescription) less than
once a week for sleep.
Participant 3 was randomized to the control condition. He
reported using the mood-tracking app minimally (less than once
per week) over the 2-week cessation period. Participant 3
reported the app as extremely user-friendly, though he indicated
that he would not use it in the future and felt that it did not help
at all with his cannabis cessation attempt or sleep. On follow-up,
Participant 3 reported an increase in cannabis use (mean use
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0.57; on the 0-8 visual scale [36]), as compared to baseline. A
slight improvement in sleep was observed (PSQI total score=14),
though overall sleep remained indicative of clinically significant
levels of sleep disturbance. Sleep efficiency also improved, with
his self-reported sleep efficiency score increasing from 29% to
41% at follow-up. He also reported that he did not use
medication (prescription or non-prescription) for sleep.

Participant 4
Participant 4 was a 27-year-old divorced Caucasian male veteran
of recent conflicts in Iraq and Afghanistan. SCID I-N/P
assessment indicated that he met criteria for current PTSD and
cannabis use disorder; he was a tobacco non-smoker. Participant
4 had the most experience (of the study participants) with mobile
technology, and owned an Android smartphone. He reported
the highest amount of cannabis use in the 90 days prior to
baseline relative to other participants, with a mean use of 4.51
(on the 0-8 visual scale [36]; see Figure 1). Participant 4’s
baseline sleep met criteria for mild sleep disturbance (PSQI
total=5), with a reported sleep efficiency of 84%. He did not
use medication (prescription or non-prescription) for sleep.
Participant 4 was randomly assigned to the CBT-I coach app.
He reported using the app daily over the course of the 2-week
intervention period. On average, he used the app for 10 minutes
during each use, typically in the morning. He noted the app as
very user-friendly and indicated that he would use it again in
the future. Participant 4 reported that the stimulus control and
sleep prescription components of the app were the most helpful,
highlighting that the app was useful for sleep, but not for his
cannabis cessation attempt. On follow-up, a decrease in mean
cannabis use was observed during weeks 1 and 2 (mean use
1.50 on the 0-8 visual scale [36]; see Figure 1). The participant
also reported improvement in sleep, with an observed follow-up
PSQI total score of 2 and a sleep efficiency increasing from
80% to 100%. In addition, he did not use any medications
(prescription or non-prescription) for sleep at follow-up.
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Table 1. Participant-level cannabis use and sleep data for baseline and follow-up assessments.
Variable

P1: Experimental

P2: Placebo control

P3: Placebo control

P4: Experimental

Time of assessment

Baseline

Follow-up

Baseline

Follow-up

Baseline

Follow-up

Baseline

Follow-up

Cannabis usea

0.40

0.00

0.71

N/A

0.18

0.57

4.51

1.50

Quality

1

1

3

N/A

3

3

1

1

Latency

30 min

10 min

30 min

N/A

120 min

120 min

30 min

15 min

Duration

5 hours

6 hours

2 hours

N/A

2.5 hours

3.5 hours

8 hours

8 hours

Efficiency

58%

80%

28%

N/A

29%

41%

80%

100%

Disturbances

2

2

3

N/A

3

2

1

0

Med use

0

1

2

N/A

1

0

0

0

Daytime dysfunction

0

2

3

N/A

1

0

1

1

Total PSQIc

9

9

19

N/A

17

14

5

2

Sleep b

a

Mean cannabis use was based on both frequency of use (ie, number of days) and quantity of use per day (scores range from 0-8). Quantity of cannabis
used on each day was indexed by a graphical depiction of joints of varying sizes that ranged from 0-8 [36].
b

Sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, daytime dysfunction, and sleep med use represent the 7 components
of the PSQI [31]. Sleep quality, sleep disturbances, and daytime dysfunction range from 0 “best” to 3 “worst.” In terms of sleep medication use, 0=no
use in the past month, 1=less than once a week, 2=once or twice a week, and 3=three or more times a week.
c

PSQI total scores can range from 0 (excellent sleep) to 21 (very poor sleep).

Feasibility
Overview
The current study provided an initial demonstration of using
mobile apps for the delivery of psychological interventions
among veterans. Feasibility was examined in terms of
recruitment, costs, and veteran engagement with the mobile
app.

Acceptability Among Veterans
Overall, participants reported interest in using the mobile apps,
describing them as easy to use and accessible. Importantly, this
feasibility study demonstrated reported app accessibility among
veterans without experience with mobile technology. In addition,
this study demonstrated the feasibility of using mobile apps
among multiple age groups. Indeed, participants ranging from
their mid-20s to mid-60s all reported ease in using the mobile
apps.

Costs
Individuals were compensated up to a total of US $90 for
participation. Additional research costs included iPod touch
devices (only 1 individual in the study had their own iPhone)
and staff costs.

Mobile App Use
Overall, our sample consisted of novices in terms of mobile
technology and mobile app use. Though Participant 4 had
experience with using mobile apps, all other participants
reported not owning a smartphone or having previous experience
with mobile apps. However, all were able to use the apps after
a brief explanation. The responses and engagement with the
mobile apps was found to vary by treatment condition.
Participant 3 (control) reported minimal use of the app (scoring
http://www.researchprotocols.org/2015/3/e87/
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a 1 out of a possible 4). Follow-up assessment of app use found
that this individual did not find the mood tracking app helpful
for sleep (reporting 0 out of 4) or cannabis cessation (reporting
0 out of 4) and therefore reported little interest in engaging with
the app and low likelihood of using it in the future (reporting 0
out of 4). However, for those who received the CBT-I app
(Participants 1 and 4), daily use was reported over the 2-week
study period, with an average of 5-10 minutes spent with the
app per use session.
Participants assigned to the CBT-I app reported that the most
helpful portions of the app were the sleep logs and the exercises
for improving sleep. Both reported the app to be very
user-friendly (scoring 3 out of 4), found that it was very helpful
in improving sleep (scoring 3 out of 4), and reported strong
interest in using an intervention app in the future (scoring 3 out
of 4). All loaned iPod touches were returned to the study team
after completion of the study. Although Participant 2 did not
complete the 2-week follow-up, he did return to the laboratory
to return his iPod touch.

Discussion
Principal Findings
This pilot study served as a feasibility test of mobile-app
delivered CBT-I (and mood-tracking control) for both cannabis
and sleep outcomes among individuals engaged in a cannabis
cessation attempt. This study indicates that individuals who
received the CBT-I app reported daily engagement with the app,
while individuals in the control condition either dropped out of
the study or reported minimal use. Importantly, regardless of
condition, this study provided support for loaning out iOS
devices for the purposes of treatment, as all devices were
returned following study completion.
JMIR Res Protoc 2015 | vol. 4 | iss. 3 | e87 | p.7
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Findings support the initial feasibility of providing CBT-I via
mobile app to improve outcomes among individuals engaged
in a cannabis cessation attempt. Coupled with theoretical and
empirical work that has highlighted the pivotal role of sleep in
the maintenance and treatment of cannabis use disorders [8],
including among vulnerable populations (eg, those with
posttraumatic stress disorder [41]), these data indicate the
clinical importance of continuing to comprehensively understand
the efficacy and effectiveness of CBT-I for cannabis cessation.
Indeed, despite its widespread dissemination [42], CBT-I is not
currently indicated or utilized as a treatment for substance use
disorders, particularly within the Veterans Health
Administration. Although these findings are preliminary, this
study highlights the potential utility and feasibility of providing
CBT-I for patients with a cannabis use disorder. Further, the
observation that CBT-I can be effectively implemented via
mobile app on loaned devices addresses some of the barriers to
care among this population, particularly access and stigma
[24-27] and provides additional evidence for the growing
movement toward technology-based intervention delivery [28].

Limitations
Although our investigation served as a novel extension of prior
empirical and theoretical work, it was not without limitations.
First, the small number of participants, all of whom were male,
enrolled in this preliminary study limits inference regarding
generalizability of findings. Future work would benefit from
the replication and extension of this pilot study to a larger and
more gender diverse sample. Future work would benefit from
focusing recruitment efforts to target female participants.
Second, while we screened 40 individuals, due to our inclusion
criteria, only four were enrolled. This may have biased the
randomness of our sample. Third, given the scope of the study,
follow-up data were collected only 2-weeks post-baseline. As
the impact of cannabis cessation on sleep can last for over
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30-days post-cessation [15], future work should assess patients
within a longer follow-up period to determine whether the
impact of CBT-I on sleep and cannabis outcomes continues to
improve, or begins to abate, as time progresses. Fourth, study
participants with the worst baseline sleep problems were
randomized to the control condition, a function of the small
sample size. Thus, at this point, the efficacy of the CBT-I app
for improving severe sleep problems among treatment-seeking
cannabis users remains to be determined. Fifth, we examined
CBT-I delivery via mobile app and did not include a therapist
delivery condition. Future research should compare both
methods of delivery as well as including cost-effectiveness
analyses. Sixth, while individuals were randomized to groups,
we did not have an appropriate sample size to conduct
group-based analyses. Future work should include age and other
relevant demographic variables as covariates in analyses.
Finally, though many of the measures employed for the
assessment of cannabis and sleep are considered “gold standard”
self-report instruments, the addition of multi-method
assessments in future work, including objective measures of
cannabis use (eg, plasma, urinalysis) and sleep (eg, actigraphy,
polysomnography), would strengthen confidence in self-reported
behaviors.

Conclusions
This study provides initial evidence for the feasibility of CBT-I
for cannabis dependence delivered through a mobile phone app.
Findings support the use of technology to enable easy, affordable
access to treatment for substance use disorders [43-45], and
small sample studies to address the challenges in testing new
technology-based interventions [46]. CBT-I shows promise to
treat cannabis use disorder and associated sleep difficulties. Its
efficacy should be evaluated in a randomized controlled trial
powered to detect treatment effects on cannabis use and sleep.

Acknowledgments
This study was funded, in part, by the following sources: VA Clinical science research and development service funds (Bonn-Miller),
VA Health Services Research and Development Service Funds (Babson), and the National Center for PTSD Dissemination and
Training Division, VA Palo Alto Health Care System (Bonn-Miller), and a career development award from the National Institute
on Drug Abuse (K23 DA032578, Ramo). The views presented in this paper do not necessarily represent those of the Department
of Veterans Affairs.

Conflicts of Interest
None declared.

References
1.

2.
3.
4.

Substance Abuse and Mental Health Services Administration. SAMHSA Results from the 2012 National Survey on Drug
Use and Health: Summary of National Findings. Rockville, MD: Substance Abuse and Mental Health Services Administration;
2013:13.
Bonn-Miller MO, Harris AHS, Trafton JA. Prevalence of cannabis use disorder diagnoses among veterans in 2002, 2008,
and 2009. Psychol Serv 2012 Nov;9(4):404-416. [doi: 10.1037/a0027622] [Medline: 22564034]
Volkow ND, Baler RD, Compton WM, Weiss SRB. Adverse health effects of marijuana use. N Engl J Med 2014 Jun
5;370(23):2219-2227. [doi: 10.1056/NEJMra1402309] [Medline: 24897085]
Budney AJ, Roffman R, Stephens RS, Walker D. Marijuana dependence and its treatment. Addict Sci Clin Pract 2007
Dec;4(1):4-16 [FREE Full text] [Medline: 18292704]

http://www.researchprotocols.org/2015/3/e87/

XSL• FO
RenderX

JMIR Res Protoc 2015 | vol. 4 | iss. 3 | e87 | p.8
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
5.

6.
7.
8.
9.

10.

11.
12.

13.
14.
15.
16.

17.

18.

19.

20.

21.
22.

23.

24.
25.
26.
27.

Heinz AJ, Peters EN, Boden MT, Bonn-Miller MO. A comprehensive examination of delay discounting in a clinical sample
of cannabis-dependent military veterans making a self-guided quit attempt. Exp Clin Psychopharmacol 2013 Feb;21(1):55-65.
[doi: 10.1037/a0031192] [Medline: 23379614]
Marijuana Treatment Project Research Group. Brief treatments for cannabis dependence: findings from a randomized
multisite trial. J Consult Clin Psychol 2004 Jun;72(3):455-466. [doi: 10.1037/0022-006X.72.3.455] [Medline: 15279529]
Moore BA, Budney AJ. Relapse in outpatient treatment for marijuana dependence. Journal of Substance Abuse Treatment
2003 Sep;25(2):85-89. [doi: 10.1016/S0740-5472(03)00083-7]
Babson KA, Bonn-Miller MO. Sleep Disturbances: Implications for Cannabis Use, Cannabis Use Cessation, and Cannabis
Use Treatment. Curr Addict Rep 2014 Mar 18;1(2):109-114. [doi: 10.1007/s40429-014-0016-9]
Bonn-Miller MO, Vujanovic AA, Twohig MP, Medina JL, Huggins JL. Posttraumatic Stress Symptom Severity and
Marijuana Use Coping Motives: A Test of the Mediating Role of Non-Judgmental Acceptance within a Trauma-Exposed
Community Sample. Mindfulness 2010 May 25;1(2):98-106. [doi: 10.1007/s12671-010-0013-6]
Buckner JD, Zvolensky MJ, Smits J, Norton PJ, Crosby RD, Wonderlich SA, et al. Anxiety sensitivity and marijuana use:
an analysis from ecological momentary assessment. Depress Anxiety 2011 May;28(5):420-426 [FREE Full text] [doi:
10.1002/da.20816] [Medline: 21449005]
Irons JG, Babson KA, Bergeria CL, Bonn-Miller MO. Physical activity and cannabis cessation. Am J Addict 2014
Mar;23(5):485-492. [doi: 10.1111/j.1521-0391.2014.12135.x] [Medline: 24629045]
Potter C, Vujanovic A, Marshall-Berenz E, Bernstein A, Bonn-Miller M. Posttraumatic stress and marijuana use coping
motives: The mediating role of distress tolerance. Journal of Anxiety Disorders 2011;25:007-443. [doi:
10.1016/j.janxdis.2010.11.007]
Russo EB, Guy GW, Robson PJ. Cannabis, pain, and sleep: lessons from therapeutic clinical trials of Sativex, a cannabis-based
medicine. Chem Biodivers 2007 Aug;4(8):1729-1743. [doi: 10.1002/cbdv.200790150] [Medline: 17712817]
Schierenbeck T, Riemann D, Berger M, Hornyak M. Effect of illicit recreational drugs upon sleep: Cocaine, ecstasy and
marijuana. Sleep Med Rev 2008;12:381-389. [doi: 10.1016/j.smrv.2007.12.00415]
Budney AJ, Moore BA, Vandrey RG, Hughes JR. The time course and significance of cannabis withdrawal. Journal of
Abnormal Psychology 2003;112(3):393-402. [doi: 10.1037/0021-843X.112.3.393]
Copersino ML, Boyd SJ, Tashkin DP, Huestis MA, Heishman SJ, Dermand JC, et al. Cannabis withdrawal among
non-treatment-seeking adult cannabis users. Am J Addict 2006;15(1):8-14. [doi: 10.1080/10550490500418997] [Medline:
16449088]
Bonn-Miller MO, Babson KA, Vandrey R. Using cannabis to help you sleep: heightened frequency of medical cannabis
use among those with PTSD. Drug Alcohol Depend 2014 Mar 1;136:162-165 [FREE Full text] [doi:
10.1016/j.drugalcdep.2013.12.008] [Medline: 24412475]
Bonn-Miller MO, Boden MT, Bucossi MM, Babson KA. Self-reported cannabis use characteristics, patterns and helpfulness
among medical cannabis users. Am J Drug Alcohol Abuse 2014 Jan;40(1):23-30. [doi: 10.3109/00952990.2013.821477]
[Medline: 24205805]
Vandrey R, Smith MT, McCann UD, Budney AJ, Curran EM. Sleep disturbance and the effects of extended-release zolpidem
during cannabis withdrawal. Drug Alcohol Depend 2011 Aug 1;117(1):38-44 [FREE Full text] [doi:
10.1016/j.drugalcdep.2011.01.003] [Medline: 21296508]
Morgenthaler T, Kramer M, Alessi C, Friedman L, Boehlecke B, Brown T, American Academy of Sleep Medicine. Practice
parameters for the psychological and behavioral treatment of insomnia: an update. An american academy of sleep medicine
report. Sleep 2006 Nov;29(11):1415-1419. [Medline: 17162987]
Morin CM, Culbert JP, Schwartz SM. Nonpharmacological interventions for insomnia: a meta-analysis of treatment efficacy.
Am J Psychiatry 1994 Aug;151(8):1172-1180. [Medline: 8037252]
Arnedt JT, Conroy D, Rutt J, Aloia MS, Brower KJ, Armitage R. An open trial of cognitive-behavioral treatment for
insomnia comorbid with alcohol dependence. Sleep Med 2007 Mar;8(2):176-180. [doi: 10.1016/j.sleep.2006.06.007]
[Medline: 17239658]
Currie SR, Clark S, Hodgins DC, El-Guebaly N. Randomized controlled trial of brief cognitive-behavioural interventions
for insomnia in recovering alcoholics. Addiction 2004 Sep;99(9):1121-1132. [doi: 10.1111/j.1360-0443.2004.00835.x]
[Medline: 15317632]
Booth BM, Kirchner J, Fortney J, Ross R, Rost K. Rural at-risk drinkers: correlates and one-year use of alcoholism treatment
services. J Stud Alcohol 2000 Mar;61(2):267-277. [Medline: 10757138]
Cunningham JA, Sobell LC, Sobell MB, Agrawal S, Toneatto T. Barriers to treatment: Why alcohol and drug abusers delay
or never seek treatment. Addictive Behaviors 1993 May;18(3):347-353. [doi: 10.1016/0306-4603(93)90036-9]
Gates P, Copeland J, Swift W, Martin G. Barriers and facilitators to cannabis treatment. Drug Alcohol Rev 2012
May;31(3):311-319. [doi: 10.1111/j.1465-3362.2011.00313.x] [Medline: 21521384]
Rapp RC, Xu J, Carr CA, Lane DT, Wang J, Carlson R. Treatment barriers identified by substance abusers assessed at a
centralized intake unit. J Subst Abuse Treat 2006 Apr;30(3):227-235 [FREE Full text] [doi: 10.1016/j.jsat.2006.01.002]
[Medline: 16616167]

http://www.researchprotocols.org/2015/3/e87/

XSL• FO
RenderX

Babson et al

JMIR Res Protoc 2015 | vol. 4 | iss. 3 | e87 | p.9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
28.

29.

30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.
41.

42.

43.

44.

45.
46.

Babson et al

Gustafson DH, McTavish FM, Chih M, Atwood AK, Johnson RA, Boyle MG, et al. A smartphone application to support
recovery from alcoholism: a randomized clinical trial. JAMA Psychiatry 2014 May;71(5):566-572 [FREE Full text] [doi:
10.1001/jamapsychiatry.2013.4642] [Medline: 24671165]
Budney AJ, Fearer S, Walker DD, Stanger C, Thostenson J, Grabinski M, et al. An initial trial of a computerized behavioral
intervention for cannabis use disorder. Drug Alcohol Depend 2011 May 1;115(1-2):74-79 [FREE Full text] [doi:
10.1016/j.drugalcdep.2010.10.014] [Medline: 21131143]
Norberg M, Rooke S, Albertella L, Copeland J, Kavanagh D, Lau A. The first mHealth app for managing cannabis use:
Gauging its potential helpfulness. J Addict Behav Ther Rehab 2013:1. [doi: 10.4172/2324-9005.S1-001]
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: A new instrument for
psychiatric practice and research. Psychiatry Research 1989 May;28(2):193-213. [doi: 10.1016/0165-1781(89)90047-4]
Diagnostic and statistical manual of mental disorders. DSM-5. Washington, DC: American Psychiatric Association; 2013.
First M, Spitzer R, Gibbon M, Williams J. Structured Clinical Interview for DSM-IV Axis I Disorders - Non-Patient Edition.
New York: New York State Psychiatric Institute; 1995.
Diagnostic and statistical manual of mental disorders. 4th edition text revision. Washington, DC: American Psychiatric
Association; 2000.
Sobell L, Sobell M. Timeline Follow-back: A technique for assessing self-reported ethanol consumption. In: Allen J, Litten
RZ, editors. Measuring Alcohol Consumption: Psychosocial and Biological Methods. New Jersey: Humana Press,; 1992:41-72.
Bonn-Miller MO, Zvolensky MJ. An evaluation of the nature of marijuana use and its motives among young adult active
users. Am J Addict 2009 Sep;18(5):409-416. [doi: 10.3109/10550490903077705] [Medline: 19874161]
Boden MT, McKay JR, Long WR, Bonn-Miller MO. The effects of cannabis use expectancies on self-initiated cannabis
cessation. Addiction 2013 Sep;108(9):1649-1657. [doi: 10.1111/add.12233] [Medline: 23627879]
Hjorthøj CR, Hjorthøj AR, Nordentoft M. Validity of Timeline Follow-Back for self-reported use of cannabis and other
illicit substances--systematic review and meta-analysis. Addict Behav 2012 Mar;37(3):225-233. [doi:
10.1016/j.addbeh.2011.11.025] [Medline: 22143002]
Hoffman J, Taylor K, Manber R, Trockel M. CBT-I Coach (Version 10). URL: http://www.apple.com/itunes/ [accessed
2015-07-13] [WebCite Cache ID 6ZzxkdHws]
Hoffman J, Wald L, Kuhn E, Greene C, Ruzek J, Weingardt K. Mood Coach (Version 10). URL: http://www.myvaapps.com/
[accessed 2015-07-13] [WebCite Cache ID 6Zzxlnt9S]
Vandrey R, Babson KA, Herrmann ES, Bonn-Miller MO. Interactions between disordered sleep, post-traumatic stress
disorder, and substance use disorders. Int Rev Psychiatry 2014 Apr;26(2):237-247 [FREE Full text] [doi:
10.3109/09540261.2014.901300] [Medline: 24892898]
Manber R, Carney C, Edinger J, Epstein D, Friedman L, Haynes PL, et al. Dissemination of CBTI to the non-sleep specialist:
protocol development and training issues. J Clin Sleep Med 2012 Apr 15;8(2):209-218 [FREE Full text] [doi:
10.5664/jcsm.1786] [Medline: 22505869]
Boyer EW, Fletcher R, Fay RJ, Smelson D, Ziedonis D, Picard RW. Preliminary efforts directed toward the detection of
craving of illicit substances: the iHeal project. J Med Toxicol 2012 Mar;8(1):5-9 [FREE Full text] [doi:
10.1007/s13181-011-0200-4] [Medline: 22311668]
Boyer EW, Smelson D, Fletcher R, Ziedonis D, Picard RW. Wireless Technologies, Ubiquitous Computing and Mobile
Health: Application to Drug Abuse Treatment and Compliance with HIV Therapies. J Med Toxicol 2010 Jun;6(2):212-216
[FREE Full text] [doi: 10.1007/s13181-010-0080-z] [Medline: 20623215]
Marsch LA. Technology-based interventions targeting substance use disorders and related issues: an editorial. Subst Use
Misuse 2011 Jan;46(1):1-3. [doi: 10.3109/10826084.2011.521037] [Medline: 21190400]
Dallery J, Cassidy R, Raiff B. Single-case experimental designs to evaluate novel technology-based health interventions.
J Med Internet Res 2013;15(2):e22 [FREE Full text] [doi: 10.2196/jmir.2227] [Medline: 23399668]

Abbreviations
CBT-I: Cognitive Behavioral Therapy for Insomnia
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, 4th edition
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th edition
MAUM: Mobile App Use Measure
MSHQ: Marijuana Smoking History Questionnaire
PSQI: Pittsburgh Sleep Quality Index
PTSD: posttraumatic stress disorder
SCID I-N/P: Structured Clinical Interview–Non-Patient Version for DSM-IV
TLFB: Timeline Follow-Back Interview

http://www.researchprotocols.org/2015/3/e87/

XSL• FO
RenderX

JMIR Res Protoc 2015 | vol. 4 | iss. 3 | e87 | p.10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Babson et al

Edited by G Eysenbach; submitted 09.09.14; peer-reviewed by E de Bruin, M Zvolensky; comments to author 22.04.15; revised version
received 27.05.15; accepted 24.06.15; published 17.07.15
Please cite as:
Babson KA, Ramo DE, Baldini L, Vandrey R, Bonn-Miller MO
Mobile App-Delivered Cognitive Behavioral Therapy for Insomnia: Feasibility and Initial Efficacy Among Veterans With Cannabis
Use Disorders
JMIR Res Protoc 2015;4(3):e87
URL: http://www.researchprotocols.org/2015/3/e87/
doi:10.2196/resprot.3852
PMID:26187404

©Kimberly A Babson, Danielle E Ramo, Lisa Baldini, Ryan Vandrey, Marcel O Bonn-Miller. Originally published in JMIR
Research Protocols (http://www.researchprotocols.org), 17.07.2015. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org, as well as
this copyright and license information must be included.

http://www.researchprotocols.org/2015/3/e87/

XSL• FO
RenderX

JMIR Res Protoc 2015 | vol. 4 | iss. 3 | e87 | p.11
(page number not for citation purposes)

