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Background: Ecological momentary interventions (EMIs) influence behavior in real time, in real life. We 
evaluated trial feasibility and preliminary efficacy of MOMENT, a counseling-plus-EMI to reduce frequent 
marijuana use in youth in primary care. 
Methods: Primary care patients age 15–24 years using marijuana at least 3 times/week were randomized 
to MOMENT [motivational enhancement therapy (MET)/smartphone-based momentary assessment/
responsive motivational messaging] vs. No-messages (MET/momentary assessment) vs. MET-only. In 
MOMENT, two MET sessions were followed by 2 weeks of momentary assessment of marijuana use and 
factors related to use, with motivational messaging displayed after report of marijuana triggers, desire, use, 
and effort to avoid use. We evaluated study feasibility (recruitment, retention, and response rates; feedback 
survey responses) and explored intervention effects on marijuana desire and use at three months with linear 
mixed effects modeling.
Results: Seventy youth [mean (M) =20.7 years, 60% female] were assigned to MOMENT (n=27), No-
messages (n=15; assignment suspended to enrich other arms), or MET-only (n=28). Most attrition occurred 
during baseline, before MET. Of those completing MET session 1, 82% completed their assigned treatment 
and 79% provided 3-month data. Participants highly rated acceptability; comments reflected changing 
motivation and behavior. Across arms, participants reported significantly lower marijuana use, desire, and 
problems at follow-up vs. baseline. Momentary marijuana desire declined more in MOMENT vs. MET-only. 
Marijuana use following a targeted context or behavior was less likely in MOMENT and No-messages, vs. 
MET-only. 
Conclusions: The MOMENT intervention is feasible to deliver, acceptable, and potentially efficacious in 
reducing marijuana desire and use among adolescent and young adults in primary care. A larger randomized 
trial to evaluate efficacy is warranted.
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Introduction

By 12th grade, 44.5% of adolescents have tried marijuana, 
12% have used daily, and 6% report current daily use (1). 
Marijuana is the leading drug of abuse among adolescents 
aged 12–17 years, contributing to 87% of their admissions 
for substance use treatment (2). Adolescents are at 
considerably higher risk for cannabis use disorder (CUD) 
than both younger and older adults (3), although young 
adults have a higher prevalence of daily use (e.g., 7.8% in 
19–22 years old) (4). Heavy exposure to marijuana during 
brain development (into the late 20s) has adverse effects on 
white and gray matter in regions associated with cognition, 
sensitivity to social influence, addiction-related processes 
(e.g., reward), and psychiatric disorders, and is associated 
with other substance use, mental health problems, and 
poor educational, occupational, financial, and other social 
outcomes (5-12). As public discourse and state laws have 
shifted toward greater acceptability of marijuana, perceived 
risk of regular use among youth has declined to an all-time 
low (1,4), raising concerns about future increases in regular 
marijuana use in this vulnerable population. Most affected 
youth are not in treatment programs, but may be seen in 
primary care, where resources and expertise to address 
problematic marijuana use in young patients are limited. 

Screening, Brief Intervention, and Referral to Treatment 
(SBIRT) is a structured approach to addressing substance 
use in primary care. SBIRT guidelines often include 
recommendations for brief motivational interviewing 
(MI) when problematic substance use is identified (13,14). 
Although motivational interventions for youth can be 
effective in reducing marijuana use and, to a lesser extent, 
achieving abstinence, evidence is mixed (15-17). Effects 
following treatment may not be sustained, reflecting that 
change is a process needing ongoing work in daily life. 
Integrating motivational interventions with other treatment 
modalities (e.g., cognitive behavior therapy) may produce 
better or longer-term improvements in outcomes (18), 
but multiple-session intensive interventions may not be 
practical in primary care.

Ecological momentary interventions (EMIs) (19) 
provide an alternative means of extending and enhancing 
clinic-based interventions. Using mobile technology (e.g., 
smartphones), EMIs deliver interventions in daily life and 
thus can be responsive to emotional and social experiences 
as they are occurring. EMIs can encourage practice of 
new skills and behaviors in real-life contexts, theorized to 
be necessary for behavior change (20). EMIs integrated 

with face-to-face counseling may be more effective than 
stand-alone EMIs (21). We developed Momentary Self-
Monitoring and Feedback + Motivational Enhancement 
Therapy (MOMENT), an intervention to reduce marijuana 
use that combines brief motivational enhancement therapy 
(MET) provided in clinic followed by EMI (self-monitoring 
and messaging responsive to context and behaviors) 
delivered via mobile technology (22,23). A small single-
group pilot suggested that MOMENT is feasible and 
acceptable to adolescent and young adult primary care 
patients who report frequent marijuana use (22). If effective, 
MOMENT could facilitate greater integration of marijuana 
use treatment into primary care SBIRT to reach youth not 
currently served by existing treatment paradigms.

The primary aim of this pilot trial was to evaluate the 
feasibility of implementing a larger-scale randomized trial 
of the MOMENT intervention in primary care settings 
serving adolescents and young adults. The specific primary 
objectives were: (I) to determine recruitment, retention, 
and response rates during the baseline, intervention, 
and 3-month follow-up phases of the study, and (II) to 
further evaluate the acceptability of the intervention. The 
secondary objectives were: (I) to assess safety concerns 
and technical issues and (II) to measure key variables and 
explore key relationships hypothesized to be important in 
evaluating intervention efficacy in a future trial. 

Methods

Study design

We conducted a pilot parallel-group trial with 1:1 
assignment to three arms via simple randomization. All 
participants were offered two MET sessions; groups differed 
by whether they proceeded to mobile self-monitoring with 
feedback messages (MOMENT), mobile self-monitoring 
alone (No-messages), or no further treatment (MET-only). 
Because we were identifying youth with frequent marijuana 
use, we chose to offer active treatment to all participants 
rather than include a standard-of-care control. 

Participants and procedures

We recruited from five clinics providing primary care to 
adolescents and young adult patients of an urban children’s 
hospital. The recruitment sites included three clinics on 
the hospital campus —an adolescent/young medical clinic, 
a pediatric primary care clinic, and a clinic for teen parents 
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and their young children—serving patients 40–50% black or 
African American, 12–35% Hispanic/Latino, and majority 
low-income. The other two clinics, an adolescent/young 
adult medical clinic and a pediatric primary care clinic, 
are based in a hospital-operated community health center 
serving patients primarily of Hispanic/Latino ethnicity and 
low-income. Eligibility criteria included age 15–24 years, 
marijuana use ≥3 times/week, ability to read/understand 
English, and availability for the 4-month study. Patients 
were excluded if they were medically or emotionally 
unstable, intoxicated, or otherwise unable to consent; 
reported past-30-day heavy/dangerous use of substances 
other than marijuana; or were living with a participant. 
Initially, individuals without their own smartphone were 
excluded. To expand enrollment, we revised eligibility 
to permit individuals age 18 and older use of a study 
smartphone. The second change to eligibility, excluding 
parenting youth, followed safety concerns for a participant’s 
children. The hospital institutional review board approval 
waived parental permission and the National Institute on 
Drug Abuse provided a Certificate of Confidentiality.

Between May, 2013 and January, 2016, during routine 
care, clinicians introduced the study to 15-to-24-year-
old patients who used marijuana. Additionally, a Clinic 
Research Coordinator contacted age-eligible patients who 
had indicated interest in research and patients could self-
refer. A research assistant (RA) screened interested patients 
and obtained informed consent from those eligible using a 
video to illustrate study procedures.

Participants provided baseline data on a computer tablet 
survey and a 30-day timeline follow-back (TLFB) calendar, 
and received training on the ecological momentary 
assessment (EMA) phone application (app; mEMA, Ilumivu, 
Inc.). For one week, participants received 4–6 signals/day 
at random times, prompting report of marijuana-related 
momentary states, contexts, and behavior. Participants 
also completed self-scheduled daily diaries, summarizing 
marijuana withdrawal symptoms, cigarette and marijuana 
use, and motivation to reduce or cease marijuana over the 
past 24 hours.

Participants then met with a study counselor in clinic 
for two 1-hour MET sessions separated by one week. 
In the first session (MET1), the counselor established 
rapport; discussed marijuana history, behaviors, reasons, 
and expectancies; elicited personal goals and values; and 
developed discrepancy between use and the values and 
goals. Participants identified triggers for use from lists of 
affective states and social contexts, and then selected their 

top 3 triggers. In the second session (MET2), participants 
received and discussed a personalized feedback report on 
their use. The counselor evoked motivation for reducing or 
ceasing marijuana use and helped participants to develop 
a change plan. One investigator (PJ Burke) trained two 
study counselors in MI through didactic sessions and mock 
interviews. The trainer monitored fidelity to MI principles 
and the MET manual (12 participants’ sessions according 
to a pre-determined schedule) by: (I) the counselor 
and the trainer each rating the audio recorded sessions 
using an adapted Behaviour Change Counselling Index  
[BECCI (24); 14 items, 0 = not at all to 4 = a great extent; 
a =0.92]; (II) the trainer rating each session using the 
Global Ratings and Behavior counts of the Motivational 
Interviewing Treatment Integrity Code version 3.1.1 
then 4.0 (25); and (III) the trainer meeting with the 
counselor to review the ratings and provide coaching. 
These coaching meetings enabled the trainer to provide 
ongoing feedback and qualitatively demonstrated that the 
counselors maintained high fidelity to MI and the manual. 
Median BECCI item scores from both trainer evaluations 
and counselor self-evaluations were all 3s (a good deal) or 
higher, indicating competence in brief MI counseling.

MOMENT arm
For part ic ipants  ass igned to  MOMENT, the RA 
programmed the app to display motivational messages 
following momentary report of a personal top-3 trigger for 
use, marijuana desire, use, or effort to avoid use. Messages 
were developed with input from key informants (23). 
MOMENT participants completed reports and received 
messages for 2 weeks. The RA sent a check-in text message 
after 48–72 hours. For participants with a response rate 
of <70%, the message advised seeking technical help and 
reminded them to respond. We provided an app “cheat 
sheet” and a trouble-shooting guide accessible via secure 
online file-sharing.

No-messages arm
Participants in the No-messages arm completed 2 weeks of 
smartphone reports without messages. After assigning 15 
participants to No-messages, we discontinued this arm to 
enrich assignment to MOMENT and MET-only for the 
remainder of the funding period.

MET-only arm
Participants in the MET-only arm did not receive any 
intervention following MET2. 
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At a visit 2 weeks after MET (at the end of any EMA/
EMI), all participants were asked to recall marijuana and 
other substance use and provide study feedback. In a visit 
three months later, participants completed a follow-up 
survey and 30-day TLFB calendar, then one week of EMA. 
At the final visit we elicited study feedback. After the first 
9 months, to optimize retention, we allowed participants 
to do the post-intervention, 3-month follow-up, and final 
visits via mobile survey and call. We mailed phones to 
participants who chose the remote option and did not 
have an app-compatible phone. We offered participants 
remuneration (up to $175 total), initially following each 
phase and then, to improve retention, following each visit. 
Remuneration was graded over the study and commensurate 
with completion of study assessments, including study visits 
($15–25) and EMA reports ($10–15 for responding to at 
least 50% of prompts and $20–25 for responding to at least 
80% of prompts). Participants were not paid according to 
whether they used marijuana or whether they completed 
reports during the intervention phase (for participants in 
the No-messages and MOMENT arms).

Measures

Feasibility
We determined monthly recruitment and enrollment 
rates, and examined retention by visit, phase, and arm. We 
calculated momentary and daily response rates for each 
phase.

Acceptability
Following each MET session, participants indicated 
agreement on a 5-point Likert-type scale to 21 items (e.g., 
discussing my personal goals was helpful; the counselor 
respected me); one item assessed session quality overall 
(poor, fair, good, excellent). After the intervention and 
follow-up phases, we assessed acceptability of procedures 
(e.g., usability, likability, perceived effect, and burden; 
15 items), and study usefulness overall (poor, fair, good, 
excellent), and asked participants to write in their most and 
least favorite parts of the study, what they would change, 
and any additional comments. On all four acceptability 
assessments, participants were invited to complete the 
statement, “As a result of taking part in this study, I….”.

Key variables
We examined response patterns and preliminarily tested 
relationships between key momentary variables for 

which there has been limited evaluation (22). Momentary 
marijuana desire was assessed by, “At the time of the 
signal, how strong was your desire to use marijuana?” (0, 
no desire to 9, very strong desire). Recent marijuana use 
was assessed by, “Since the last signal you answered, have 
you used marijuana?” (yes/no). Top-3 trigger context was 
determined by indicating a self-identified top-3 trigger for 
use at the signal, determined from responses selected from 
8 locations (e.g., home, friend’s house), 11 companions (e.g., 
alone, with parents), 9 main activities (e.g., work or chores, 
hanging out), and 10 affective states (5 positive, e.g., happy, 
confident, and 5 negative, e.g., bored, stressed) (22). 

Baseline and 3-month follow-up past-30-day percent 
days abstinent (PDA) was calculated from the TLFB. 
Problems with substance use, in general and with marijuana, 
were assessed with the 17-item (yes/no) Problem-Oriented 
Screening Instrument for Teenagers (POSIT) Substance 
Use/Abuse scale (26).

Sample characteristics
Sociodemographic and historical items were adapted 
from the Adolescent Diagnostic Interview (27) (Table 1). 
Responses to questions on use of marijuana and other drugs 
and associated problems were used to generate substance 
use disorder diagnoses. 

Analysis

We computed descriptive statistics for recruitment, 
retention, and response rates, and responses on the feedback 
surveys. We conducted bivariate analyses (appropriate to 
variable distribution) to examine retention by baseline 
characteristics and arm. 

To evaluate intervention effects on the key outcomes, 
we used linear or generalized mixed effects modeling, 
with repeated measures nested within participants, 
treating phases as fixed effects, and intercepts of individual 
trajectories as random effects. We modeled covariance 
structure as first-order autoregressive and used the Bayesian 
Information Criterion to identify the best fitting model 
for a given outcome distribution and corresponding link 
function. Models included arm, phase, and arm-by-phase 
interaction, and adjusted for age of initiating marijuana 
use ≥3 times/week (differed across arms). For momentary 
outcomes, we adjusted for within-phase average reports/
day (to control for potential response rate bias) and percent 
reports of a top-3-trigger context (to control for variability 
attributable to level of exposure). To compare change in 
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Table 1 Baseline characteristics of participants, by study arm

Characteristic MOMENT No-messages MET-only
Test for group 

differences

Age (years), M (SD) 20.6 (2.2) 21.1 (1.8) 20.6 (1.6) F=0.40, P=0.67

15–19 years, N [%] 12 [44] 3 [20] 10 [36] χ2 =2.51, P=0.29

Female sex, N [%] 13 [48] 10 [67] 19 [68] χ2 =2.56, P=0.28

Racial/ethnic group, N [%] χ2 =6.70, P=0.35

Black/African-American, non-Hispanic 12 [44] 8 [53] 13 [46]

White/Caucasian, non-Hispanic 3 [11] 0 [0] 5 [18]

Other or more than one race, non-Hispanic 1 [4] 3 [20] 3 [11]

Hispanic 11 [41] 4 [27] 7 [25]

In school, N [%] 15 [56] 10 [67] 14 [50] χ2 =1.10, p =0.58

Not in school because quit, N [%] 2 [7] 0 [0] 4 [14] χ2 =5.61, p =0.47

Living with parents, N [%] 21 [78] 8 [53] 18 [64] χ2 =2.78, P=0.25

Family history of alcohol or drug abuse, N [%] 13 [48] 6 [40] 13 [46] χ2 =0.39, P=0.98

Family history of mental health problems, N [%] 9 [33] 2 [13] 7 [25] χ2 =2.06, P=0.72

Personal history of alcohol or drug abuse, N [%] 4 [15] 1 [7] 7 [25] χ2 =2.48, P=0.29

Personal history of treatment for alcohol or drug 
problem, N [%]

2 [7] 0 [0] 1 [4] χ2 =1.35, P=0.51

Personal history of treatment for mental health 
problems, N [%]

9 [33] 2 [13] 8 [29] χ2 =2.00, P=0.37

Duration of marijuana use (years), M (SD) 5.4 (2.8) 5.3 (2.1) 6.1 (2.7) F=0.70, P=0.50

Age first used marijuana (years), M (SD) 15.2 (3.4) 15.7 (1.9) 14.4 (2.6) F=1.13, P=0.33

Age started using marijuana regularly (years), M (SD) 16.3 (2.4) 16.9 (2.1) 15.6 (2.5) F=1.51, P=0.228

Age started using marijuana at least 3 times a week, 
on average (years), M (SD)

16.8 (2.3) 18.2 (2.1) 16.5 (2.3) F=2.82, P=0.07*

Tried to quit marijuana, N (%) 18 (66.7) 7 (46.7) 13 (46.4) χ2 =2.72, P=0.26

Number of times tried to quit, Mdn (IQR) 3 (1–4.25) 4 (1–7) 2 (1–3.5) H =0.71, P=0.70

Average marijuana use per week (times), Mdn (IQR) 10 (5–20) 10 (5–20) 7 (3–24.25) H(2) =0.14, P=0.93

30-day percent days abstinent, Mdn (IQR) 7 (0–37) 27 (0–57) 33 (4.75–54.5) H(2) =2.79, P=0.25

POSIT score, Mdn [IQR] 4 [1–6] 5 [0–6] 3 [1–5] H(2) =0.58, P=0.75

POSIT score—marijuana, Mdn [IQR) 3 [1–6] 5 [0–6] 3 [1–5] H(2) =0.77, P=0.68

Cannabis use disorder symptoms, M (SD) 6.3 (1.9) 6.1 (2.6) 5.6 (2.2) F = 0.74, P=0.48

Smoked cigarettes in past week, N [%] 7 [26] 6 [40] 12 [43] χ2 =1.87, P=0.39

Drunk in past week, N [%] 4 [15] 3 [20] 6 [21] χ2 =0.42, P=0.81

Used other drugs in past month, N [%] 0 [0] 0 [0] 0 [0] –

*, No messages > MET-only, P=0.03. M, mean; SD, standard deviation; Mdn, median; IQR, interquartile range. MOMENT, Momentary Self-
Monitoring and Feedback + Motivational Enhancement Therapy; MET, motivational enhancement therapy.
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momentary marijuana use reports, we analyzed all data, 
then the subset of reports made within 6 hours following an 
EMI-targeted context or behavior to narrow the window of 
temporal precedence.

Results

Feasibility

Recruitment/enrollment
Of 319 patients expressing interest or referred for screening, 
191 (59.9%) were screened [mean (M) =6/month] and 139 
(73% of those screened) were eligible (Figure 1). Seventy 
(50%) were enrolled and randomized (M =2.2/month); 27 
were assigned to MOMENT, 15 to No-messages, and 28 to 
MET-only. Enrollment was closed after 70 participants to 
provide time for follow-up and analysis during the project 
period.

Sample characteristics
Table 1 shows participant baseline characteristics by arm. 
Participants were M (SD) =20.7 (1.9) years of age (36% 
adolescents aged 15–19 years), 60% female, and of diverse 
race/ethnicity. They reported using marijuana for median 
(Mdn) =5.6 years, with current use Mdn =9.5 times/week. 
More than one-half (56%) had tried to quit marijuana at 
least once (Mdn =2.5 times). All but 3 met criteria for CUD 
(2 in MET-only, 1 in No-messages). Participants assigned to 
No-messages vs. MET-only were significantly older when 
they started using marijuana at least 3 times/week (Mdn 
=18.2 vs. 16.5 years, U=126.5, P=0.03). We found no other 
significant differences in baseline characteristics between 
arms.

Retention
Sixty-six percent of the sample completed their assigned 
treatment (46/70) and 63% (44/70) completed at least one 
3-month assessment. Most attrition occurred before MET1 
[14/70 (20%); 10.7% MET-only, 20.0% No-messages, 
29.6% MOMENT, χ2 =3.07, P=0.22]. Participants who 
dropped out vs. completed MET1 were more likely to have 
previously attempted to quit marijuana (85.7% vs. 46.4%,  
χ2 =6.97, P=0.008) and tended to have more CUD 
symptoms (Mdn =7.5 vs. 6, U=264.5, P=0.058); there 
were no other differences in baseline characteristics 
between those starting the treatment phase and those who  
dropped out.

Of the 56 who completed MET1, 46 (82%) completed 

their assigned treatment and 44 (79%) completed at 
least one 3-month assessment. Most frequent reasons for 
withdrawal were “can or already has cut back or quit on 
own”, difficulty scheduling study activities, and too many 
reports. There were no significant differences in baseline 
characteristics between participants completing MET1 who 
did vs. did not return at 3 months. 

Response rates
Momentary response rates were Mdn [interquartile 
range (IQR) =63.5% (46.6–74.8%) at baseline and 57.1%  
(29.4–73.5%) at 3-month follow-up. Diary response rates 
were Mdn (IQR) =85.7% (71.4–100%) at baseline and 
71.4% (57.1–87.5%) at follow-up. During the intervention 
phase (MOMENT and No-messages arms), response rates 
were Mdn (IQR) =35.1% (24.6–60.4%) of the momentary 
reports and 57.1% (39.3–85.2%) of the diaries. Response 
rates were similar across arms in each phase.

Acceptability

Participants rated overall quality of the MET sessions as 
excellent or good (MET1, 93%; MET2, 94%). In general, 
participants agreed or strongly agreed that the assessments 
and tools were easy to use and the questions were clear 
and understandable (Table 2). Nearly all participants 
completing the post-intervention feedback survey indicated 
that they found the study interesting and would participate 
in a similar study again. Two-thirds (65%) enjoyed using 
the smartphone. Although approximately one-half of 
respondents felt the smartphone signals were too frequent 
(54%) or annoying (49%), less than one-third (32%) found 
participation burdensome. Most found that participating 
motivated them to reduce marijuana use (76%) or helped 
them to actually reduce use (65%). Most participants 
assigned to MOMENT read the smartphone messages 
(89%) and felt that the messages motivated them not to use 
marijuana (62%). At study conclusion, participants gave 
similar feedback, although lower proportions perceived 
an effect of study participation on their marijuana use. 
Post-intervention, 91% rated overall study usefulness as 
“excellent” or “good”; at 3 months, 36% did so. There were 
no significant differences in acceptability by study arm.

Free text comments illustrated changes in motivation 
and behavior. After MET1, participants wrote statements 
consistent with preparing to change, e.g., that they were 
“better able to weigh the pros and cons of smoking 
marijuana,” had become “more driven towards pursuing my 
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Interested or referred to be screened (n=319)

Screened for eligibility (n=191)

Randomized (n=70)

Allocated to MOMENT (n=27)

	Survey (n=27);

	TLFB calendar (n=27); 

	Momentary reports (n=25);

	Daily diaries (n=24).

Received MET1 (n=19);

Received MET2 (n=15).

	Momentary reports (n=15);

	Daily diaries (n=15);

	Survey (n=14);

	TLFB calendar (n=14).

Survey (n=15);

TLFB calendar (n=14);

Momentary reports (n=13);

Daily diaries (n=13).

Received MET1 (n=12);

Received MET2 (n=9).

	Momentary reports (n=9);

	Daily diaries (n=9);

	Survey (n=10);

	TLFB calendar (n=10).

Survey (n=8);

TLFB calendar (n=8);

Momentary reports (n=8);

Daily diaries (n=8).

Received MET1 (n=25);

Received MET2 (n=22).

	Survey (n=23);

	LFB calendar (n=23).

Survey (n=21);

TLFB calendar (n=21);

Momentary reports (n=21);

Daily diaries (n=20).

Withdrew (n=3);

Lost to follow-up (n=5)

Withdrew (n=1);

Lost to follow-up (n=3).

Withdrew (n=2);

Lost to follow-up (n=1).

Withdrew (n=2);

Lost to follow-up (n=2).

Withdrew (n=1);

Lost to follow-up (n=2).

Withdrew (n=1);

Lost to follow-up (n=3).

Allocated to No-messages (n=15)

	Survey (n=15);

	TLFB calendar (n=15);

	Momentary reports (n=15);

	Daily diaries (n=15).

Allocated to MET-only (n=28)

	Survey (n=28);

	TLFB calendar (n=28);

	Momentary reports (n=28);

	Daily diaries (n=27).

Declined to be screened (n=40);

Not contacted/scheduled (n=88).

Excluded (n=121)

	Not meeting inclusion criteria (n=52);

	Refused (n=23);

	Not contacted/scheduled (n=46).
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Figure 1 Study flow diagram.
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goals”, and felt “more confident” and “better equipped” to 
reduce use. After MET2, participants indicated increased 
confidence and commitment to change, e.g., they felt ready 
or had already begun to use less marijuana. Comments 
after the intervention phase referenced raised awareness of 
triggers and patterns of marijuana use (e.g., “[I] was able 
to notice trends of marijuana use habits and try to avoid 
them”). Many youths favored the counseling sessions, 
while others preferred the smartphone (“being able to keep 
track of how much I was using marijuana”, “how you get a 
motivational message when you’re alone in order to not be 
tempted to use marijuana”). Negative comments referred to 
too-frequent signals and repetitive messages. 

Safety

No safety concerns arose directly from the intervention. A 
counselor breached confidentiality to clinicians per study 
protocol when a participant’s marijuana use raised concerns 
for her children’s well-being.

Technical issues

Owing to software malfunctions interfering with signaling 
and changes during updates, we elected not to continue 
with updates and thus required participants to use phones 
compatible with our version of the software. We loaned 
phones to 55 participants, with a return rate of 85%.

Key variables analyses

At follow-up vs. baseline, participants overall reported 
s ignif icantly higher PDA (Mdn  =50% vs .  18.5%,  
Z = −4.01, P<0.0001) and lower POSIT scores (Mdn =1 
vs. 4 all substances, Z = −2.73, P<0.0001; 1 vs. 3 marijuana, 
Z = −3.71, P<0.0001); these effects did not differ by arm. 
Momentary marijuana desire overall decreased from 
baseline to follow-up (change in desire rating 1.34, time 
main effect F=37.2, P<0.0005). There was a significant 
arm-by-phase interaction effect, with a greater decline in 
momentary marijuana desire with MOMENT, compared 
to MET-only (F=4.14, P=0.006; Figure 2). Marijuana 
use on momentary reports also decreased over the study 
(time main effect F=12.22, P<0.0005), with odds of use 
in the intervention and follow-up phases significantly 
lower than in the baseline phase [adjusted odds ratio (95% 
confidence interval): 0.46 (0.28–0.76) and 0.31 (0.19–0.51), 
respectively]. The arm-by-phase interaction was non-

significant (P=0.71). However, in reports within 6 hours 
following an EMI-targeted context or behavior, post-hoc 
comparisons showed significant decreases from baseline to 
follow-up in MOMENT and No-messages, but not MET-
only (adjusted use proportion difference −0.24, P=0.01  
and −0.20, P=0.02 vs. −0.12, P=0.18; Figure 3). 

Discussion

This pilot randomized trial demonstrated that the 
MOMENT intervention is feasible to deliver in primary 
care, acceptable, and potentially efficacious in reducing 
marijuana desire and use among frequently-using adolescent 
and young adults. Most participants who started treatment 
completed it and were retained at three months, similar 
to our single-group pilot (22) and other youth marijuana 
intervention studies (28,29). Most attrition occurred prior 
to any treatment and was higher among more-affected 
youth. These youth may have been deterred by study 
burden or had lower motivation to reduce or quit marijuana 
use (not determined because motivation was assessed at 
MET1). Insofar as change is a process and motivation can 
vary (30), youth in primary care may need repeated offers 
of treatment. Alternatively, as some participants’ comments 
suggested, considering or starting a study to reduce 
marijuana use may have motivated them to cut down or quit 
on their own. Momentary and daily response rates varied 
widely, but overall were similar to those reported in other 
EMA studies of marijuana use (31-33) and were improved 
from our single-group pilot (22). In general, youth highly 
rated the MET, enjoyed using the smartphone, and found 
study participation interesting, motivating, and helpful in 
reducing marijuana use.

Most participants were using marijuana at least daily and 
for many years, and had not received prior treatment. More 
than one-half had previously attempted to self-discontinue 
use. Brief interventions for primary care, where these youth 
may be engaged in care, are needed. Participants in all three 
conditions received MET and overall days of abstinence 
increased, and problems associated with substances 
generally and marijuana specifically decreased over the 
study. MOMENT’s brief manualized MET provides 
an evidence-based treatment approach while limiting 
the burden on primary care’s limited human and facility 
resources. MOMENT also offers an extended period of 
smartphone self-monitoring and messaging, capitalizing 
on youth engagement with mobile technology and need 
for treatment in real-life contexts. Compared to those 
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with no mobile intervention (MET-only), youth receiving 
MOMENT had a greater decline in marijuana desire and, 
along with youth self-monitoring without messages, had a 
greater decline in use following EMI-targeted behaviors and 
contexts. Because this study’s focus was to assess feasibility 
in anticipation of a larger randomized trial (30), the primary 

purpose of these analyses was to evaluate the utility of the 
measures and develop analytic approaches. Although the 
findings show promise, further study in a larger sample will 
be important to determine MOMENT efficacy.

The study’s small sample size limited power to detect 
predictors of feasibility. Although recruitment occurred 

Table 2 Study procedures and intervention acceptability ratings

Item
% Strongly agree or agree

Post-intervention 3-month follow-up

Usability

The iPad was easy to use to take the survey 94 95

The iPad survey questions were clear and understandable 97 94

The Timeline-Follow Back Calendar was easy to use 89 77

The Timeline-Follow Back Calendar instructions were clear and 
understandable

92 89

The smartphone was easy to use 92 89

The smartphone questions were clear and understandable 92 89

I read the messages on the smartphone* 89 69

The research assistant’s instructions have been clear and understandable 97 94

The research assistant has answered my questions 100 94

The reminders about my appointments have been helpful 97 92

I believe that the information I give during the study will be kept confidential 100 94

Likability

I enjoyed using the smartphone 65 65

I have felt comfortable participating in this study 100 94

I found participating in the study to be interesting 92 89

I would like to participate in a study like this again 95 92

Perceived effect

The messages on the smartphone motivated me to not use marijuana* 62 39

I found taking part in the study has motivated me to reduce my marijuana use 76 49

I found taking part in the study has helped me to actually reduce my 
marijuana use

65 54

Burden

I haven’t minded coming to the study visits so far 97 87

The smartphone signaled too many times 54 56

I was annoyed by the smartphone signals 49 56

I found taking part in the study to be burdensome 32 30

Item response scale 1, Strongly Agree, to 5, Strongly Disagree. N=35–37 owing to missing responses, except where indicated by the 
asterisks. *, MOMENT participants only (n=13).
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in five clinics, all were affiliated with a single academic 
children’s hospital, limiting generalizability to other types 
of primary care clinics serving adolescents and young adults. 
Recruitment and retention rates were modest and would 
likely improve with a more sophisticated app that allows 
participants use of a personal smartphone. Although overall 
acceptability was high, reducing the number of momentary 
prompts may minimize participant frustration, as well as 
increase responding (34). Future research can also address 
participants’ desire for varied message content, which 
may increase response and intervention effects. Perceived 
effectiveness was high immediately post-intervention, but 
declined substantially by 3-month follow-up, suggesting that 
boosting the intervention (i.e., another counseling session) 
or utilizing an adaptive design to provide more intensive 
intervention to non-responders warrants consideration in 
future studies.

Youth with chronic, frequent marijuana use are at the 
highest risk of neurocognitive and social harms (5-9). 

MOMENT offers a practical treatment option for primary 
care, where few alternatives exist outside of substance 
use treatment programs. The brief MET component of 
MOMENT is pragmatic and aligned with the principles 
of integrated behavioral health within the patient-centered 
medical home (35). The MOMENT EMI is both novel 
and appealing in its delivery of ecologically-relevant, low-
cost intervention for marijuana use via youth-friendly 
technology. This study demonstrated that a randomized 
trial of MOMENT is feasible, and the intervention 
is acceptable and potentially helpful to the target 
population. Lessons learned should be applied in a larger  
randomized trial. 
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Figure 2 Momentary marijuana desire in each study phase, by 
study arm.

Figure 3 Proportion of reports of marijuana use within 6 hours 
after desire, trigger, or report of use or avoiding use in each study 
phase, by study arm.
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