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Abstract

Background: Continued cannabis use among young people with first-episode psychosis (FEP) has been linked to poorer
clinical and functional outcomes (eg, increased symptom severity and higher relapse rates). Digital harm-reduction interven-
tions may represent a promising, person-centered approach to reduce at-risk cannabis use behaviors in this population.
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However, evidence remains limited regarding which subgroups are more likely to engage with these interventions and whether
specific levels of engagement are required to achieve more favorable cannabis-related outcomes.

Objective: This exploratory, hypothesis-generating analysis of the CHAMPS (Cannabis Harm-Reducing App to Manage
Practices Safely) pilot randomized controlled trial (RCT) evaluated a cannabis harm-reduction mobile app for youth with FEP
in early intervention services (EIS). The objectives of this study were to assess engagement by examining associations between
selected sociodemographic factors and module completion and to determine whether achieving specific completion thresholds
was associated with improvements in cannabis-related outcomes.

Methods: Cannabis-related outcomes (Marijuana Problems Scale [MPS], Protective Behavioral Strategies for Marijuana
[PBSM] scores, and days of cannabis use) were self-assessed at baseline and at week 6 (primary end point), week 12, and week
18 (postrandomization). Participants were categorized into low to moderate (0-4 modules) and high (5-6 modules) completion
groups, and selected sociodemographic factors were compared between groups using bivariate analyses. Mixed-effects models,
adjusted for baseline values and the covariates sex and cannabis use disorder (CUD) status, were fitted to evaluate whether
module thresholds were associated with improvements in cannabis-related outcomes.

Results: Data from 96 participants, including 46 in the CHAMPS+EIS arm and 50 in the EIS-only arm (1:1 ratio), were
analyzed under a modified intention-to-treat principle. Individuals in the high-engagement group reported higher baseline
social support and higher educational level (P=.005 and P=.01). No statistically significant associations were observed between
specific module completion thresholds and cannabis-related outcomes in adjusted mixed-effects models.

Conclusions: Participants with higher social support and higher education were more likely to engage with CHAMPS.
Although descriptive analyses suggested a potential gradient of improvement with increasing module completion, no specific
completion threshold was robustly associated with improvements in outcomes. Given the multifactorial nature of engagement,
supporting subgroups at risk of lower app use and examining metrics beyond module completion may enhance the impact of
CHAMPS. These findings are hypothesis-generating, given their exploratory nature, and require replication in a future efficacy
trial.

Trial Registration: ClinicalTrials.gov NCT04968275; https://clinicaltrials.gov/study/NCT04968275
International Registered Report Identifier (IRRID): RR2-10.2196/53094

JMIR Form Res 2026;10:e84836; doi: 10.2196/84836
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substance use-related harms without requiring abstinence,
offer a pragmatic and person-centered alternative that is
progressively being recommended by public health authori-
ties, clinicians, and people with lived experience [9-12]. The
Lower-Risk Cannabis Use Guidelines (LRCUG), recently
adapted to address psychosis-related risks (LRCUG-PSYCH),
provide a foundation for evidence-based harm reduction but
have yet to be operationalized into scalable interventions [13,
14]. Digital health interventions may help address this gap by
offering flexible and accessible support that can be integrated
into users’ daily lives [15-18]. However, findings from recent
reviews suggest mixed effectiveness of digital interventions
for cannabis use among youth, partly due to heterogeneity in
intervention design, targeted behaviors, and user engagement

Introduction

Across Canada, cannabis use is highly prevalent among
young adults. Although cannabis use is generally associated
with low health risk in the general population, specific
consumption behaviors (eg, frequency, mode of adminis-
tration), individual factors (eg, age, genetic vulnerability),
and societal factors (eg, normalization of cannabis use)
increase the likelihood of negative health outcomes [1,2].
One subgroup of particular concern is youth experiencing
a first episode of psychosis (FEP), who show a signifi-
cantly higher prevalence of cannabis use disorder (CUD;
42%-53%) [1,2] compared to the general population (about

3%) [3.4]. Continued cannabis use while receiving early
intervention services (EIS) for psychosis is associated with
increased symptom severity, higher relapse rates, more
frequent hospitalizations, and reduced functional outcomes
[1,3,5].

Although abstinence is often recommended as the
ideal treatment target, many young users are ambivalent
or unwilling to quit cannabis completely, limiting their
engagement and treatment outcomes [6]. Notably, few
face-to-face interventions aimed at abstinence or reduction
have had significant effects on abstinence or reduction
rates in young people with psychotic disorders and CUD
[7.8]. Harm-reduction approaches, which aim to mitigate
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[19,20].

Recent literature emphasizes engagement as a critical
determinant of successful digital mental health interventions.
Engagement (defined as the extent to which users inter-
act with the intervention) has also been conceptualized
as a multidimensional construct influenced not only by
the intervention itself but also by the context of use, the
mechanisms of action behind the digital tool, and the targeted
behavior that work together [21-23]. Common indicators
include uptake (ie, downloading and using the interven-
tion at least once), sustained use (ie, continued activity
over time), and adherence or completion (ie, following the
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intervention as intended) [24]. Understanding and clarify-
ing how users interact with these tools and what drives
sustained use is essential, while taking into account that
these metrics may capture related but distinct aspects of
intervention use and therefore require cautious interpreta-
tion [24]. Some studies also suggest that individual-level
factors such as gender, education, and digital literacy may
influence how users interact with and benefit from digital
tools [25,26]. In particular, baseline social support might
be relevant to engagement, as individuals with higher
interpersonal (relational and peer) support may have more
resources, incentives, and/or stability to initiate and sustain
their participation in digital interventions [27]. Conversely,
supportive features embedded within digital interventions (eg,
peer interaction, built-in buddy features, e-coaching, etc) have
also been described as strategies associated with greater use
and engagement [28].

Several frameworks guide the development of digital
health tools to foster engagement [29]. One of them, the
Behavior Change Wheel (BCW), addresses key psychosocial
determinants (capability, opportunity, and motivation), while
the person-based model [30] emphasizes designs that reflect
the most lived experience by incorporating user feedback
[31,32]. Given these frameworks and the research gap, our
team developed the app, CHAMPS (Cannabis Harm-Reduc-
ing App to Manage Practices Safely). CHAMPS is a self-
guided, digital psychosocial intervention designed for young
adults with FEP that integrates motivational interviewing
approaches, harm-reduction principles, and skills training,
and is designed to be incorporated within EIS [33]. Engage-
ment features embedded in CHAMPS include push notifica-
tions to complete unfinished modules, personalized reflective
questions related to chosen SMART (Specific, Measurable,
Achievable, Relevant, Time-based) goals, links to video
content, and an automated booster session 4 weeks postinter-
vention. Findings from the pilot randomized controlled trial
(RCT) demonstrated its acceptability and feasibility within
this context [34].

Building on this initial study and to scale up CHAMPS
for broader implementation, it is important to identify which
specific subgroups benefit most from the intervention [35]
and what is the minimum level of engagement associated
with benefits. As highlighted by Haller et al [36], analyzing
predictors and moderators can offer insights into for whom
and under what circumstances internet-based interventions are
most likely to be favorable, guiding intervention tailoring to
support a better patient-treatment fit [37]. Moreover, only
a limited number of studies have examined engagement
correlates and trajectories in this context [38,39]. Therefore,
to address these gaps, our objective was to assess engage-
ment by examining associations between selected sociode-
mographic factors (gender, ethnicity, education, and social
support) and module completion and to determine whether
achieving specific completion thresholds was associated with
improvements in cannabis-related outcomes.

https://formative jmir.org/2026/1/e84836

Mahroug et al

Methods

Study Design and Randomization

Our study presents a secondary analysis of the CHAMPS
trial, a multicenter, 2-arm, parallel-group, pilot RCT. This
pilot trial compared the cannabis harm-reduction e-interven-
tion, CHAMPS, in conjunction with EIS (CHAMPS+EIS),
to the standalone EIS in young adults with FEP who
use cannabis. CHAMPS was co-designed with people with
lived experience through a patient advisory committee [40].
Consenting participants were randomly allocated in a 1:1 ratio
to the intervention or control group, using a digital, stratified,
permuted block design with varying block sizes implemented
by the CRCHUM data management team. Randomization was
stratified by CUD status and sex. Because of the nature of
the intervention, the research staff and clinicians involved in
data collection were unblinded; however, the research staff
conducting the analyses remained blinded.

Ethical Considerations

This study trial is reported in accordance with the CON-
SORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and
Online Telehealth), version 1.6.1, guidelines (Checklist
1) and was registered prospectively at ClinicalTrials.gov
(NCT04968275) in July 2021 [41]. The detailed protocol
was described by Coronado-Montoya et al [40], and the
pilot feasibility and acceptability analysis was published
by our team [34]. CHAMPS was conducted in accordance
with the Good Clinical Practice (GCP) guidelines and
the Declaration of Helsinki, alongside Canadian standards
(Tri-Council Policy Statement and Health Canada Division 5)
and applicable provincial and institutional ethical guidelines
(20.433). Approval for the protocol was obtained from the
local research ethics boards (REBs) at each participating site.
The study started in December 2021 and was completed in
October 2023. No major changes were made to the protocol
after trial initiation, other than adding 2 new sites.

Informed consent was obtained from each participant
prior to enrollment, and the informed consent form was
approved by each REB, allowing for secondary analysis
without additional consent. All participant-related informa-
tion, including case report forms, assessments, and reports,
was kept strictly confidential, and participants were identi-
fied only by means of a numeric study identifier specific
to each participant. All computerized databases identified
participants using numeric codes and were password-protec-
ted. The link between participants’ identification numbers
and their names was kept in a password-protected document
accessible only to research staff, and the document is stored
on the CRCHUM secure server for a duration of 10 years. No
identification of individual participants is possible from any
figures or supplementary materials presented in this manu-
script. Participants were compensated CAD $30 (equivalent
to US $21) per visit and CAD $150 (equivalent to US $106)
in total for completing the study.
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Participants and Recruitment

Young adults with FEP who were using cannabis and were
open to changing their cannabis use practices (N=101) were
recruited into the study through referrals from EIS psychia-
trists or case managers. Recruitment took place at 6 spe-
cialized EIS sites for the treatment of early psychosis in
Canada and is described in Coronado-Montoya et al [40].
Inclusion criteria included being 18 to 35 years old, having
a diagnosis of any psychotic disorder according to DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition) criteria, being followed for a minimum of 3 months
at an early psychosis clinic, using cannabis (at least once
in the past month), being interested in changing canna-
bis-related practices, and understanding French or English.
Exclusion criteria were concurrent enrollment in another
cannabis-related intervention or current pursuit of treatment
for CUD aimed at reducing or ceasing cannabis consumption.
Participants identified as seeking treatment for CUD were
instead directed to a concurrent clinical trial [42] or to usual
clinical care. Digital literacy was not assessed. Individuals
were considered eligible if they met all the inclusion criteria
and none of the exclusion criteria. Eligible participants were
randomly assigned (in a 1:1 ratio) to either the interven-
tion arm (n=51) or the EIS-only arm (n=50). Sample size
justification is described elsewhere [40]. In this exploratory
analysis, given that 5 participants (intervention arm, n=5)
never started the intervention, data from the remaining 96
participants were used in a modified intention-to-treat (mITT)
analysis since participants who did not initiate the interven-
tion could not contribute to post-initiation data needed to
estimate changes in outcomes over time [43].

Study Intervention

Participants accessed the CHAMPS e-intervention through
a mobile health (mHealth) application and completed 6
psychotherapeutic, fully automated online modules within 6
weeks, followed by an automated booster session 4 weeks
after the final module. Each module was designed to be
completed in less than 10 minutes. Participants were guided
to reflect on their cannabis use practices and their impact on
their lives (modules 1 and 2). Module 3 provided information
on harm-reduction strategies, while module 4 taught goal-
setting skills. Modules 4 to 6 helped participants set per-
sonalized harm-reduction—related goals. The booster module
guided participants in reviewing the main components of
CHAMPS, such as exploration of their cannabis use and their
goal setting. Additional resources were available, including
evidence-based articles and videos cocreated with individ-
vals with lived experience. All participants received EIS.
The complete study procedures, including detailed module
content, have been reported elsewhere [40]. The pilot RCT
lasted up to 22 weeks in total, including a 14-day screening
period, an additional 14-day window for baseline assess-
ments, a 6-week intervention period plus a 4-week period to
complete the booster module, and a 4-week follow-up period.
Follow-up assessments were conducted by research assistants
at weeks 12 and 18.
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Outcomes and Measures

Cannabis-Related Outcomes

Use of evidence-based strategies that promote safer canna-
bis experiences was assessed using the Short Form Protec-
tive Behavioral Strategies for Marijuana (PBSM) measure,
a 17-item self-report questionnaire with strong psychometric
properties [44]. Increases in PBSM scores reflect improve-
ments in protective behavioral strategies related to cannabis
use. Changes in cannabis-related problems over time were
measured using the Marijuana Problems Scale (MPS), a
19-item self-report instrument [4546]. Decreases in MPS
scores indicate fewer cannabis-related problems over time.
The number of days of cannabis use during the past 2
weeks was assessed using the Timeline Follow-Back (TLFB),
a self-report measure with high test-retest reliability that
has been validated against other measures of drug-related
problems and in clinical populations [47].

Sociodemographic and Clinical Characteristics

Gender, educational level, ethnicity or race, social sup-
port, symptom severity, CUD status, and cannabis consump-
tion group were assessed at baseline. Social support was
assessed using the Social Provisions Scale-10 (SPS-10)
[48], and symptom severity was assessed using the Posi-
tive and Negative Syndrome Scale (PANSS-6) [49]; neither
variable was dichotomized. Gender was categorized into 3
groups: “men,” “women,” and “other” (including transgender
and nonbinary individuals). Educational level was dichotom-
ized into “secondary school not completed’” and “secon-
dary or more” (diploma or certificate from a trade school
or vocational program, university undergraduate degree,
and other [eg, CEGEP, College d'enseignement général et
professionnel]). Ethnicity or race was dichotomized into
“White” and “individuals of other racial and ethnic back-
grounds,” and CUD status was dichotomized into “none to
mild” and “moderate to severe.” Cannabis consumption group
at baseline was dichotomized into “higher frequency” (using
a minimum of 5 days per week according to the TLFB at
baseline) and “lower frequency” (using a maximum of 4 days
per week according to the TLFB at baseline).

Engagement Measures

Module completion was summarized descriptively into 2
engagement groups: “low to moderate” (0-4 modules) and
“high” (5-6 modules). To evaluate how many modules were
needed to observe an impact on changes in outcomes in the
CHAMPS+EIS arm, we used module completion thresholds
(ie, completion of at least 1 module to at least 6 modules) as a
predictor in linear regression. Module completion was chosen
because it is a pragmatic, objective proxy for engagement
that quantitatively reflects the extent to which participants
completed the intervention [50-52].

Adverse Events

Information on adverse events was collected electronically by
study staff and assessed systematically. No serious adverse
events were reported.
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Statistical Analysis

Descriptive and Baseline Analysis

Baseline demographic and clinical characteristics were
summarized by study arm and for the overall sample. Main
outcomes (MPS total score, PBSM total score, and days of
cannabis use) were described at every time point (baseline,
week 6, week 12, and week 18). Selected baseline demo-
graphics (social support, education, ethnicity, and cannabis
use frequency) were also described across both engagement
groups (low to moderate vs high). These variables were
selected based on prior literature, suggesting that they might
be potentially relevant to engagement in online interventions
for psychosis or cannabis use [19,25]. Associations between
baseline characteristics and engagement groups were assessed
with Wilcoxon rank-sum tests for continuous variables
and Fisher exact tests for categorical variables. Continuous
variables were reported as mean (SD) or median (IQR)
based on the normality of their distributions and categorical
variables as frequencies and percentages. Analyses of the
differences between the engagement groups were conducted
using a Bonferroni-adjusted a level of .0125 per test (.05/4).

Linear mixed-effects models (LMMs) were fitted to
evaluate changes in the continuous outcomes (PBSM total
score and MPS total score), while generalized mixed-effects
models (GLMMs) were fitted to evaluate changes in the
non-normally distributed outcomes (days of cannabis use)
across study time points. For each model, the primary
outcome was treated as the dependent variable, while the
study arms, time points, and their interaction were modeled
as fixed effects. Participants nested within site were inclu-
ded as a random effect to account for within-site and within-
participant correlations. All models were adjusted for the
stratification variables, sex and CUD status, and for each
baseline outcome. These analyses were specified a priori
to provide an overview of outcomes trajectories across the
trial. To evaluate whether engagement (module completion
thresholds) predicted improvements in the main outcomes at
week 6, linear regression analyses were conducted only in
the CHAMPS+EIS intervention arm, adjusting for sex, CUD
status, and baseline outcome values. Consistent with prior
literature stating that patterns between engagement outcomes
are not always linear, exploring if a potential minimum
engagement was associated with outcomes improvement was
hypothesis-generating only [21]. For each main outcome,
separate linear regression models were fitted within the
CHAMPS+EIS arm for each separate module completion
threshold. Model outputs included 3 coefficients and P values
and were conducted using a Bonferroni-adjusted o level of
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008 per test (.05/6). All analyses were conducted using the
Ime4 package in R (version 4.3.2; R Core Team) [53].

Sensitivity Analysis

Module completion was also modeled as a continuous
predictor of outcome changes at week 6 to assess whether
the results were consistent when engagement was modeled
as a dose-like measure rather than a threshold-based
exposure.

Missing Data

All available observations were included in our analyses with
maximum likelihood estimation. No imputation method was
performed given the exploratory nature of the analyses, with
the assumption that data were missing at random (MAR).

Results

Participant Characteristics

A total of 101 participants were randomized to either the
intervention CHAMPS+EIS or the control group, EIS only.
Given that 5 participants never started the intervention, data
from the remaining 96 participants were used in our mITT
analysis, as stated in the CONSORT flow diagram [41]
(Figure 1).

Table 1 summarizes baseline demographics and clinical
characteristics of the participants. On average, participants
were 25 (SD 3.9) years old, and most had completed at least
a secondary high school diploma (n=69, 72%). Participants
were predominantly men (n=69, 72%), White (n=57, 59%),
and reported using cannabis at least 5 days per week
(n=74, 77%). Although most baseline characteristics were
balanced across study arms, the overall sample distribution
was asymmetric for a few variables, with a greater propor-
tion of participants reporting postsecondary education, being
White, a higher frequency of cannabis use, and men gender.

Selected baseline sociodemographic characteristics across
engagement groups—low to moderate (n=18) and high
(n=28)—are described in Table 2. Individuals with high
engagement reported higher levels of baseline social support
compared with those with low-to-moderate engagement
(median 33.5, IQR 31.5-38.0) vs (median 28.5, IQR
27.3-32.8; P=.005). A greater proportion of participants in the
high engagement group also had a higher educational level
(23/28, 82% vs 8/18, 44%; P=.01). Other sociodemographic
factors did not differ significantly between the groups after
correction for multiple comparisons.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart of the CHAMPS pilot study (n=96). CHAMPS: Cannabis Harm-Reduc-
ing App to Manage Practices Safely.

[ Enrollment ] Assessed for eligibility (N=180)
Excluded (n=79)
Not meeting the inclusion criteria (n=19)
Eligibility not confirmed (n=18)
—b Declined to participate (n=2)
Eligible but did not consent (n=38)
Enrolled but not randomized (n=2)
Randomized (n=101)
! [ Allocation ] ,
~ I
Allocated to intervention _(n=51) ) Allocated to intervention (n=50)
Received allocated intervention (n=50) Received allocated intervention (n=50)

Did not receive allocated intervention
(give reasons) (n=1)

[ Follow-up ]

y

Discontinued intervention (did not download Discontinued intervention (n=0)
the app) (n=1)
Lost to follow-up for primary outcome (n=0)
Lost to follow-up for primary outcome (did not
start the CHAMPS app) (n=4)

A [ Analysis ] :
Analyzed for primary outcome (n=46) Analyzed for primary outcome (n=50)
Excluded from analysis (did not start the Excluded from analysis (n=0)
CHAMPS app and did not download the

CHAMPS app) (n=5)

Table 1. Baseline sociodemographic and clinical characteristics of the included participants®.

Variable at baseline CHAMPSP+EIS® (n=46)  Control (n=50) Total (N=96)
Age (years), mean (SD) 253 (4.0) 248 (3.8) 250 (3.9)
Sex, n (%)
Male 36 (78) 39 (78) 75 (78)
Female 10 (22) 11(22) 21 (22)
Gender, n (%)
Men 33(72) 36 (72) 69 (72)
Women 8(17) 10 (20) 18 (19)
Other (transgender, nonbinary, no answer) 5(11) 4 (8) 909
Education leveld, n (%)
Secondary not completed 15 (33) 12 (24) 27 (28)
Secondary or more 31(67) 38 (76) 69 (72)
Ethnicity or race®, n (%)
White 32 (70) 25 (50) 57 (59)
Other racial and ethnic people 19 (41) 31(62) 50 (52)
Social support, medianf (IQR) 32.5(29.3-36.0) 31.5(27.5-36.0) 32 (28.8-
36.0)
Symptom severity, mean2 (SD) 11 (5.6) 10.5(5.7) 10.7 (5.6)
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Variable at baseline

CHAMPSP+EIS® (n=46)  Control (n=50) Total (N=96)

Cannabis use disorder! (CUD), n (%)
No CUD (0-1) to mild CUD (2-3)
Moderate CUD (4-5) to severe CUD (=6)
Cannabis consumption group, n (%)
Higher frequency (=5 days per week)

Lower frequency (<5 days per week)
Cannabis consumption days, mean (SD)

23 (50) 26 (52) 49 (51)
23 (50) 24 (48) 47 (49)
32 (70) 42 (84) 74 (77)
14 (30) 8 (16) 22 (23)
92(5.3) 9.6 (54) 94 (5.3)

4Categorical variables are reported as n (%); continuous variables are reported as mean (SD) or median (IQR).

PCHAMPS: Cannabis Harm-Reducing App to Manage Practices Safely.
CEIS: early intervention services.

dEducational level was dichotomized as “Secondary not completed” (elementary school or lower, or some secondary school partially completed) and
“Secondary or more” (secondary school diploma, diploma or certificate from a trade school or vocational program, university undergraduate degree,

or other (eg, CEGEP [College d'enseignement général et professionnel]).

CParticipants could select more than one ethnic group, the percentages do not add up to 100%.

fSocial support was assessed with the Social Provisions Scale-10 (SPS-10).

gSymptom severity was assessed with the Positive and Negative Syndrome Scale (PANSS-6).
hCUD subcategory numbers (0-1, 2-3, 4-5, and =6) reflect the number of symptoms in the DSM-5 (Diagnostic and Statistical Manual of Mental

Disorders, Fifth Edition).

Table 2. Participant baseline profiles by engagement level in the CHAMPS®+EIS® arm only®.

Variable at baseline Engagement levels P value
Low to moderate (0-4 modules; n=18) High (5-6 modules; n=28)
Education level, n (%) o1d
Secondary not completed 10 (56) 5(18)
Secondary or more 8 (44) 23 (82)
Ethnicity or race®, n (%) 04
White 10 (56) 22 (79)
Other racial and ethnic people 12 (66) 7(25)
Social support, median (IQR) 28.5 (27.2-32.8) 33.5(31.5-38.0) 0054
Cannabis consumption group, n (%) 19

15 (83)
3(17)

Higher frequency
Lower frequency

17 (61)
11 (39)

3CHAMPS: Cannabis Harm-Reducing App to Manage Practices Safely.
bEIS: early intervention services.

“Categorical variables are reported as n (%); continuous variables as median (IQR). Group comparisons at baseline were conducted across 2
engagement levels (low to moderate and high) using Fisher exact test for categorical variables and Wilcoxon rank-sum tests for continuous variables.
dStatistically significant after Bonferroni correction for 4 comparisons (adjusted o=.0125).

Participants could select more than one ethnic group, the percentages do not add up to 100%.

Changes in Main Outcomes Across Study
Time Points

Table S1 in Multimedia Appendix 1 summarizes MPS scores,
PBSM total scores, and days of reported cannabis consump-
tion in the last 14 days, with corresponding trajectories
depicted in Figure 2. Descriptive data, estimated marginal
means (EMMs), and adjusted mean differences from the

https://formative jmir.org/2026/1/e84836

LMM are reported in Tables S1 and S2 Multimedia Appen-
dix 1. Findings suggest overall lower MPS scores in the
CHAMPS+EIS group at all follow-up time points, although
these differences did not reach statistical significance (Tables
S1 and S2 in Multimedia Appendix 1). For instance, at
week 6, the adjusted mean difference in MPS between the
CHAMPS+EIS arm and the control arm was 1.4 (95% CI
-3.8 to 1.0), with similar trends at week 12 and week 18.
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Figure 2. (A) Adjusted Marijuana Problems Scale (MPS) score, (B) Protective Behavioral Strategies for Marijuana (PBSM) score and (C) days of
cannabis use trajectory. All figures represent estimated marginal means with 95% CI by study group and assessment time. CHAMPS: Cannabis
Harm-Reducing App to Manage Practices Safely; EIS: early intervention services.
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Impact of Module Completion on Main
Outcomes in the CHAMPS+EIS Arm

Linear regression analyses within CHAMPS+EIS found
no statistically significant associations between module
completion thresholds (ranging from =1 to =6 modules)
and any primary outcome at week 6 after adjusting for the
baseline outcome, sex, and CUD status (Table 3). Although

Mahroug et al

the differences were not statistically significant, descriptive
analyses indicated greater improvements among participants
completing 5 or more modules for the MPS and PBSM
outcomes (Figure 3). Sensitivity analyses showed findings in
the same direction when the number of modules was treated
as a continuous predictor (Table S3 in Multimedia Appendix

1).

Table 3. Linear mixed-effects models and generalized mixed-effects models of module completion thresholds and changes in primary outcomes at

week 6 among the Cannabis Harm-Reducing App to Manage Practices Safely (CHAMPS)+early intervention services (EIS) group only®.

Outcome and predictor P coefficient (95% CI) SE P value
MPSP score (modules)
=3 —0.7(-7.61t06.2) 35 84
=2 0.14(-52t05.4) 2.7 96
=3 -15(-581t02.8) 22 A8
>4 -1.5(-581t02.8) 22 48
=5 —23(-62101.6) 2 26
=6 -2(-57t01.7) 19 32
PBSMC score (modules)
=1 9.76 (1.2 to 18.4) 44 034
=2 226(-44109) 34 S1
=3 137 (410 6.8) 2.8 63
>4 137 (-43107.1) 29 63
=5 3(-2.1t08) 2.6 26
=6 1.6 (-331t06.5) 25 52
Days of cannabis use (modules)
=1 39(-1.6t094) 2.8 .18
=2 031 (-34to4) 19 87
>3 -0.02 (-3.1 t0 3.1) 16 99
=4 —0.02 (-3.1t03.1) 1.6 99
=5 —0.15(-29102.6) 14 92
=6 023 (-2.5t02.9) 14 .87

2Estimates represent adjusted associations between module completion thresholds and changes in outcomes from baseline to week 6. Each row
reflects a separate model for each module completion threshold and main outcome, adjusting for multiple comparisons. All models were adjusted for

sex, cannabis use disorder status, and baseline score for each outcome.
bMPS: Marijuana Problems Scale.
“PBSM: Protective Behavioral Strategies for Marijuana.

dStatistically significant after Bonferroni correction for 6 comparisons (adjusted a=.008).
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Figure 3. Mean changes from baseline to week 6 in (A) Marijuana-related Problems Scale (MPS), (B) Protective Behavioral Strategies for
Marijuana (PBSM), and (C) days of cannabis use, according to module completion threshold. Analyses included only participants from the Cannabis
Harm-Reducing App to Manage Practices Safely (CHAMPS)+early intervention services (EIS) arm. Sample sizes (n) for each threshold are indicated
below the x-axis. Error bars represent 95% Cls.
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Discussion

Principal Findings

In this exploratory pilot study, we examined which socio-
demographic factors were associated with engagement and
whether specific engagement thresholds were associated
with improved cannabis-related outcomes in our digital
health intervention, CHAMPS, among young individuals with
FEP. Overall, participants in the CHAMPS+EIS group who
completed more than 5 modules were more likely to have
higher social support and higher educational levels at baseline
than those who completed fewer modules. Interestingly,
while descriptive analyses indicated a potential gradient of
improvement with increasing module completion, no specific
module completion threshold was found to be significantly
associated with improved cannabis-related outcomes at the
study end point. Taken together, these findings suggest that
engagement with CHAMPS occurs across diverse profiles but
is likely to be influenced by social support and education,
and that setting a specific minimum number of completed
modules may not capture the variability in how individuals
derive benefit or not.

Although CHAMPS previously demonstrated overall
acceptability and feasibility across a diverse sample [34],
participants with more module completion (5 modules or
more) tended to report greater baseline social support, a
finding that aligns with the existing literature on digital
mental health interventions. Higher social support (be it
from clinicians or peers) is a well-documented facilitator of
positive adherence to self-guided interventions by reinforc-
ing motivation and accountability [21,23,24,54]. In other
studies, individuals with higher baseline social support were
also described as more prone to engage with the social
elements of digital interventions, and therefore with the
digital intervention itself [23]. Similarly, higher education
has been repeatedly associated with increased engagement,
as educational attainment could facilitate not only compre-
hension of psychoeducational content but also the internal-
ization and application of harm-reduction strategies [55].
However, digital interventions, such as those delivered in
self-guided formats, may require a certain level of cogni-
tive engagement and autonomous learning, which can pose
a barrier to responsiveness in the context of FEP where
cognitive impairment is a core feature for many individuals
[56,57]. Although the present digital intervention took this
into account when designing the app, a self-guided interven-
tion like CHAMPS may represent an additional barrier to
intervention responsiveness in people with lower educational
levels. Individuals with lower educational attainment may
benefit from additional guided support while emphasizing the
need of tailoring content to different literacy levels, including
digital literacy and health literacy [58].

Although our linear regression with the predictor of
module completion threshold in the intervention arm only
did not yield significant results, visual inspection showed a
potential gradient of improvement with increasing module
completion. As described by Perski et al [23,59], this
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observation is consistent with the literature on digital
intervention research that describes a dose-response link
between higher engagement levels and optimal response.
The CHAMPS intervention included personalized feedback,
psychoeducational techniques, and the evidence-based use
of protective strategies [40]. Participants engaged in goal-
setting tasks in modules 4 and 6, and were guided to set
personalized harm reduction—related goals between modules
4 and 6. These observations highlight the need to consider
robust in-app strategies, such as reminders, involvement of
clinicians, and other support, to help users reach a selected
threshold of module or content and thereby maximize the
benefits of the intervention [28].

Drawing on the theoretical foundations of the BCW
[32], CHAMPS underscored the interplay among capability,
opportunity, and motivation. Our results may also reflect that
adopting harm-reduction behaviors is an engaging process
and behavioral engagement that requires more than mere
exposure to the intervention; it also involves active effort and
internalization [60]. In this sense, engagement is not a passive
process but one that may be facilitated by baseline factors
such as those described in this study [23]. Digital intervention
research has also shown that merely sharing content with
individuals is not enough to change their behavior. The timing
and method of delivery play an important role in this [61].
A sequential and cumulative module structure, in which each
module builds upon previous information while introducing
more strategies, could be hindered by incomplete engage-
ment. As emphasized in recent digital intervention literature,
engagement is not a unidimensional construct but is rather
shaped by the interplay among contextual elements, diverse
components (behavioral, cognitive, and affective), individual
factors, and the design of the intervention [23,54,60 ]. This
may explain the heterogeneous effects observed across some
subgroups in our research and suggests that simple usage
metrics may provide only an incomplete representation of
engagement [62].

Finally, this pilot trial was not powered to test the efficacy
of CHAMPS in EIS, and the intervention arm did not
demonstrate statistically significant differences in cannabis-
related outcomes compared with the control group. However,
descriptive data showed consistently lower scores on the
cannabis-related problems outcome (MPS score) by about
2 points, which could be considered clinically relevant,
at all follow-up time points in the CHAMPS+EIS group
[63]. These differences, although not statistically significant,
warrant further investigation in a properly powered efficacy
trial to formally test CHAMPS’s potential benefits in this
population.

While the present study was underpowered to fully test
complex 3-way interactions, findings suggest that some
subgroups could require higher levels of exposure to achieve
comparable outcomes, but this may only capture a facet of
a more complex engagement process. Qualitative interviews
conducted in our pilot trial are expected to provide more
nuanced insights into engagement motives, facilitators, and
barriers that cannot be captured by objective usage data alone
[64]. Together, these points further extend the growing call
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in the literature for personalizing digital interventions and
avoiding “one-size-fits-all” delivery models [65].

Limitations

Several limitations should be considered. First, the mod-
est sample size limited the generalizability of the findings
and did not allow for a formal efficacy analysis. Sec-
ond, the mixed-model analyses yielded mostly nonsignifi-
cant values, and the reported difference in social support
between engagement groups was not adjusted for poten-
tial confounding variables (eg, education level, racial or
ethnic composition), both reflecting limited statistical power.
Third, as expected for a pilot trial, some attrition occur-
red, with progressively fewer participants completing each
follow-up assessment. This loss-to-follow-up may reflect
diverse factors, including low cannabis problem severity at
baseline (participants with low MPS and high PBSM scores at
baseline may perceive limited relevance of the intervention),
digital fatigue, technical barriers, and app usability issues.
This differential attrition could have introduced retention
bias, as those who remained in the study may have differed
from dropouts, potentially underestimating or overestimating
engagement and related outcomes. Finally, additional bias
may stem from data missing not at random, for example, if
participants who responded more poorly were more likely not
to complete some assessments and/or to disengage from the
digital intervention.

Mahroug et al

Conclusions

In this sample of youth with FEP in EIS care, most individu-
als who had higher social support and a higher educational
level engaged more with our digital cannabis harm-reduction
intervention. No specific completion threshold was robustly
associated with improvements in outcomes, suggesting that
engagement is a multifactorial construct that goes beyond
quantitative metrics (module completion). Interpretation of
the findings should remain cautious, given their explora-
tory nature, the number of comparisons performed, and
the possibility that some groups may have been underrepre-
sented. Given the high prevalence of cannabis use among
individuals with FEP, expanding and enhancing existing
interventions could help mitigate the individual and soci-
etal impact of psychosis while easing the workload of
clinicians in EIS. Further research, including a large-scale
efficacy trial and qualitative methods, could explore whether
refinements such as social support features (eg, family or
peer prompts and/or in-app reminders, adapted and flexi-
ble support from clinicians), engagement-boosting strategies
(eg, closer clinician follow-up, motivating content, etc),
and literacy-tailored supports (eg, guided journal prompts,
clinician support, etc) would improve intervention uptake
through engagement and result in more favorable cannabis-
related outcomes.
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