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Background and aims: Many individuals aiming to reduce or quit cannabis use prefer self-guided interventions
over formal treatment. In this pilot and feasibility randomized trial, we tested a two-week self-guided online
intervention combining multiple evidence-based behavior change approaches.

Participants: A total of 168 adults who used cannabis weekly, experienced severe cannabis use disorder on
average, and reported being motivated to reduce or quit use participated in the baseline assessment and two-
week follow-up of this international online intervention study. An additional three-month follow-up was
included.

Interventions: Participants were randomized into three conditions: SMART goals alone (minimal intervention
control), SMART + mental contrasting with implementation intentions (MCII), or SMART + MCII + Cue-
control.

Measurements: Participants set personal reduction or quit goals. We measured subjective goal achievement,
objective goal achievement, and cannabis use reduction in grams per week.

Findings: Both intervention conditions outperformed the (minimal intervention) control condition in achieving
subjective and objective reduction goals, with 69 % (MCII) and 60 % (MCII + Cue-control) meeting their
objective targets compared to 49 % in the control condition. Adding Cue-control to MCII did not enhance out-
comes compared to MCII alone. All conditions, including the control, reported similar reductions in cannabis use
(grams per week) and these reductions were largely maintained at three-month follow-up. Two-week retention
was high in the active intervention groups, especially in the MCII condition, highlighting the accessibility and
appeal of the intervention.

Conclusions: This pilot and feasibility randomized trial showed promise of this intervention as an accessible and
effective self-guided online cannabis reduction program.

1. Introduction increasingly positive (UNODC, 2022). Many individuals who use

cannabis view their use as an integral part of their lifestyle and aims, but

Cannabis is one of the most used drugs worldwide (UNODC, 2022).
Although many individuals remain in control of their use, close to 10 %
escalate to daily cannabis use (World Health Organization, 2016). Of
this group, about 1 in 3 will develop a cannabis use disorder (CUD;
Leung et al., 2020). In addition, regular cannabis use is associated with
comorbid mental health concerns, cognitive impairments, and physical
harms (Kroon et al., 2020). Nevertheless, in line with changes towards
more permissive legislation, attitudes towards cannabis use are
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there are others who perceive their use as problematic and who want to
cut down or stop using cannabis. This group appears to be increasing,
with the demand for CUD treatment rising over the last decade (UNODC,
2022). However, many of those willing to cut down or stop decide not to
seek formal treatment, trying to be self-reliant and expressing a prefer-
ence for more informal interventions (Helle et al., 2021; UNODC, 2022;
Van der Pol et al., 2013). Hence, there is a need for easily accessible,
self-guided, and effective interventions that can help this group reach

Received 17 June 2025; Received in revised form 17 October 2025; Accepted 17 October 2025

Available online 29 October 2025

0376-8716/© 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:kroon@essb.eur.nl
www.sciencedirect.com/science/journal/03768716
https://www.elsevier.com/locate/drugalcdep
https://doi.org/10.1016/j.drugalcdep.2025.112943
https://doi.org/10.1016/j.drugalcdep.2025.112943
http://crossmark.crossref.org/dialog/?doi=10.1016/j.drugalcdep.2025.112943&domain=pdf
http://creativecommons.org/licenses/by/4.0/

E. Kroon et al.

their goals to reduce use or stop using cannabis all together.

Currently, psychosocial interventions such as cognitive behavioral
therapy (CBT) or Motivational Interviewing (MI) remain the most
common treatment for CUD in Europe (Connor et al., 2021). These ap-
proaches have shown only moderate effectiveness in those aiming to
stop using cannabis (Connor et al., 2021; Davis et al., 2015). Still, even a
reduction of cannabis use can reduce harms and risk for escalation to
CUD substantially (Fischer et al., 2017; Sherman et al., 2022). The past
decade has seen a rise in studies trying to develop easily accessible
alternative interventions to reduce or quit cannabis use. Often this has
been attempted by using social media (Bonar et al., 2022), smartphone
apps (Prince et al., 2020), or other web interfaces (Olthof et al., 2023) to
deliver classic interventions such as CBT. Nevertheless, other ap-
proaches more common in the field of health promotion and behavior
change (e.g., Adriaanse et al., 2010) — for example using SMART goal
setting, and mental contrasting with implementation intentions (MCII) —
are underexplored in the context of cannabis use. Several studies
(Hagerman et al., 2021; Malaguti et al., 2020; Mutter et al., 2020) have
shown promising results in the reduction of alcohol and tobacco use
with these techniques.

In this pilot and feasibility randomized trial, we combined several
empirically guided techniques into a two-week online self-guided
intervention for individuals who use cannabis and experience CUD
symptoms who want to cut down their use. First, we included SMART
goal setting in which individuals created personalized Specific,
Measurable, Appealing, Realistic, and Time-bound goals to reduce use.
This is a method that has been found to be effective in helping people
achieve a variety of goals in different health interventions (e.g., Locke
and Latham, 2002; Pearson, 2012). Second, we included mental con-
trasting with implementation intentions (MCII condition, Adriaanse
et al., 2010; Wang et al., 2021). Mental contrasting is the process of
imagining goal achievement (e.g., not using) and reflecting on the ob-
stacles in the way to reach this goal (e.g., Adriaanse et al., 2010).
Implementation intentions refer to the creation of ‘if...then..." plans, in
which an individualized potential trigger for cannabis use is identified
along with an alternative behavior to perform when encountering this
trigger, which should ideally be enacted. The combination of mental
contrasting with implementation intentions has been shown to help
people achieve their goals (Wang et al., 2021), for example to reduce
unhealthy snacking (Adriaanse et al., 2010), to stimulate physical ac-
tivity and weight loss (Marquardt et al., 2017), as well as to reduce
cigarette use (Oettingen et al., 2010). Third, we included cue control,
which is an approach based on research related to habitual behavior and
cue reactivity (e.g., Field, 2005; Filbey et al., 2016), and is similar to
stimulus control as used during CBT (Schippers et al., 2014). Cue-control
focuses on the idea that cannabis-related cues may trigger cravings or an
automatic intent to use cannabis. Since habitual behaviors, like cannabis
use, often occur with little reflection, this method aims to help in-
dividuals regulate their response to these cues in alignment with their
long-term goals. This involves controlling one’s environment to reduce
the likelihood of cue-induced craving and creating barriers between
craving and cannabis use, thereby increasing the chance of acting on
more reflective intentions. Both approaches can also be employed to
facilitate more adaptive, alternative behaviors, focusing on increasing
cues for these activities and removing barriers to engage in them.

After the two-week intervention period, effectiveness of all condi-
tions — SMART goal setting, MCII, or MCII with Cue-control - was
assessed on three measures: subjective self-reported goal achievement
(whether people report having met their goal), objective goal achieve-
ment (whether the reported amount of cannabis use matched the
intended level of cannabis use), and reduction in cannabis use (reduc-
tion in grams per week). We hypothesized that both MCII and MCII +
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Cue-control would be more effective than the minimal intervention
control condition on all outcomes.

2. Methods
2.1. Sample

Recruitment took place between May 2022 and October 2022 using
online (i.e., social media advertisement, faculty lab system, researcher
database) and offline (i.e., flyers in the Netherlands) methods. Partici-
pants had to be 18 years or older, fluent in Dutch or English, use
cannabis weekly, and intend to reduce or quit their cannabis use. No
constraints on country of residence were in place. The study lasted for a
predefined six months, including as many participants as possible during
this period. The study screener and all assessments were completed
using Qualtrics survey software (Qualtrics, 2022). A total of 872 par-
ticipants initiated the online screener, of which 466 individuals
completed it. Of these 466 individuals, 230 were deemed eligible. All
230 were allocated to an intervention condition and completed the
baseline assessment (Fig. 1). Of these participants, 152 met the addi-
tional inclusion criteria to be included in analyses: 1) completed at least
the 2-week follow-up assessment to be able to assess efficacy, 2) suffi-
cient motivation at baseline (>mid-point of 7-point Likert scale indi-
cating motivation to change), 3) having a goal to reduce at least 0.32 g
per week (approximately the amount of cannabis in an average joint,
Ridgeway and Kilmer, 2016), and 4) indicating binary gender (men or
women). Non-binary respondents could still participate in the inter-
vention to create equal opportunity but were not included in the ana-
lyses owing to insufficient sample size and how gender was coded in the
models. Participants did not receive a monetary compensation for their
participation but did have the option to 1) receive research credit from
the University of Amsterdam for each study component that was
completed, 2) enter a raffle for one of ten 40 euro (or local equivalent)
gift cards/bank transfers after completing the two-week follow-up
assessment, and 3) enter a raffle for one of ten 20 euro (or local equiv-
alent) gift cards/bank transfers after completing the three-month fol-
low-up assessment.

2.2. Intervention and procedures

After online informed consent procedures, and successful online
screening - using a parallel trial design - participants were randomly
assigned to the SMART (minimal intervention control condition;
referred to as Control), the SMART + MCII (referred to as MCII), or the
SMART + MCII + Cue-control condition (referred to as Cue-control;
Fig. 1). Randomization was immediately performed using the Qualtrics
Survey Flow Randomizer, which distributes respondents roughly evenly
over conditions by using an equal probability for each individual
participant to be assigned to each condition. All information and
detailed instructions for the two-week intervention was provided to the
participants via the Back on Track study website to which they could
refer throughout the study (this website is no longer online, see Ap-
pendix A-E for the full instructions and supplemental Video 1 for an
impression). Before and during the study, participants were not explic-
itly made aware of their assigned condition and how this condition
compared to the other study conditions.

Supplementary material related to this article can be found online at
doi:10.1016/j.drugalcdep.2025.112943.

On day 0, all individuals completed the baseline assessment before
starting their intervention by completing the intervention initiation
questionnaire (Fig. 2). Individuals in all intervention conditions started
with setting SMART goals to reduce cannabis use (Appendix A-B).
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Assessed for eligibility (n = 872)

Excluded (n = 642)

Not meeting criteria (n = 236)
Incomplete screener (n =406)

Randomized (n =230)

Enrollment
Allocation
Excluded (n = 33)
Low motivation (n = 8)
Insufficient goal (n = 14)
Non binary gender (n =1)
Not completed (n = 10)
Follow-up
2 week
Follow-up
3 month

Cue Control
(n=80)

Excluded (n =26)
Low motivation (n = 4)
Insufficient goal (n = 10)
Non binary gender (n = 4)

Not completed (n = 8)

Excluded (n=19)
Low motivation (n =1)
Insufficient goal (n = 11)
Non binary gender (n =2)

Not completed (n =5)

—>

Cue Control
(n=61)

——)(Not completed (n = 32))

Cue Control

Not completed (n = 24))

(n=29)

Fig. 1. CONSORT flow diagram of exclusion and retention.
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Day 28 Day 90
End voluntary Follow up
intervention assessment
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Fig. 2. Overview of study design.

Participants in the MCII condition received instructions on imple-
mentation intentions and mental contrasting before creating if-then
statements (Appendices A and C), while those in the Cue-control con-
dition were additionally instructed to remove cannabis-related cues,
enhance cues for alternative behaviors, and adjust environmental

barriers accordingly (Appendix A and D). A summary of the SMART
goals, MCII, and Cue-control plans was provided at the end of the
intervention initiation questionnaire and participants were again
pointed to the website with instructions on how to apply the interven-
tion, provided for future reference.
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On day 7, participants received an email check-in that served as a
motivational reminder before continuing with the second half of the
intervention. On day 14, participants completed the final day of inter-
vention and the two-week follow-up assessment. On day 14, participants
that were assigned to the SMART Control condition were offered to
participate in the Cue-control condition from day 15-28. On day 90,
participants were contacted to complete the three-month follow-up
assessment. During work hours, participants could reach out to the re-
searchers with concerns, adverse events, and questions throughout the
research period, but the researchers did not contact the participants
aside from the scheduled template-based contact on day 0, 7, 14, and 90.
All procedures were approved by the ethical committee of the depart-
ment of psychology of the University of Amsterdam (2020-DP-12264).

2.3. Assessments

2.3.1. Baseline

First, participants completed an online version of the DSM-5 Mini
International Neuropsychiatric Interview for CUD (American Psychiat-
ric Association, 2014; Sheehan et al., 1997) to assess symptoms of CUD.
Then, they reported their gender and years of education. Cannabis use
and related concerns during the last 6 months were assessed using the
Cannabis Use Disorder Identification Test — Revised (CUDIT-R; Adamson
et al., 2010). Participants reported on the presence of any psychiatric
diagnoses, and the Generalized Anxiety Disorder 7 (Spitzer et al., 2006)
and Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001) were
used to assess symptoms of anxiety and depression, respectively. Using
single item questions, participants reported on several cannabis use
characteristics including preferred method of administration, duration
of weekly use, past cannabis use, number of previous treatment at-
tempts, average number of use days per week during the past 6 months,
and average grams of cannabis used per week during the past 6 months.
Then, participants completed a timeline follow-back (TLFB) calendar to
assess cannabis, alcohol, and cigarette use during the last 14 days (Sobell
and Sobell, 1992). These assessments were followed by the
group-appropriate intervention initiation procedure, including setting a
cannabis-use-reduction goal.

2.3.2. Two-week follow-up

At two-week follow-up, participants reported on their cannabis use
during the last week in grams per week as well as days per week, and last
use of cannabis. They also reported on subjective goal achievement (4-
point Likert scale) and indicated their motivation and to what extent
they implemented the intervention during the last week. The Control
group was then provided the option to continue with the Cue-control
intervention for the next two weeks.

2.3.3. Three-month follow-up

At three-month follow-up, participants again reported on their
cannabis use during the last week in grams per week to assess mainte-
nance of cannabis reduction.

2.4. Outcome measures

Subjective goal achievement was assessed using a 4-point Likert scale
item included in the two-week follow-up (Ordinal: 1-4). Objective goal
achievement was calculated based on the goal in grams per week and
self-reported grams per week at two-week follow-up, with a minimum of
95 % of the intended reduction (their goal) being considered an ach-
ieved goal (Binary: yes/no). Reduction in grams per week was calculated
based on self-reported grams per week at baseline and two-week follow-
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up (Continuous: grams, z-scored).

2.5. Data analysis

2.5.1. Group differences in sample characteristics

Multiple Bayesian three-way ANOVAs (continuous variables) and
chi-square tests (categorical variables) were used to assess intervention
group differences on all assessments, using default priors in JASP (JASP
Team, 2025) and using common evaluation criteria for Bayes factors (<
1 evidence for the null hypothesis, and 1-3 weak evidence, 3-10 mod-
erate evidence, > 10 strong evidence, > 100 overwhelming evidence
against the null hypothesis, Wagenmakers et al., 2018).

2.5.2. Goal achievement

A Bayesian cumulative ordinal logistic regression (probit link)
analysis was used to assess the effect of intervention condition on sub-
jective goal achievement. A Bayesian binary logistic regression (logit
link) analysis was used to assess the effect of intervention condition on
objective goal achievement. Baseline cannabis use, MINI CUD symptom
count, depression scores, anxiety scores, and gender were added to these
models to control for potential confounding effects. Gender was set to
—0.5 and 0.5 before being added to the model. All other control vari-
ables were Z-scored before being added to the model. The following
weakly informative priors were included: intercept = normal(0,2),
main effect = normal(0,1).

One intervention condition was considered more effective than the
other condition if > 99 % of the posterior distribution was indicative of
higher effectiveness for that condition relative to what it was compared
to. A 95 % cut-off was used as an indicator of a likely difference in
effectiveness. Analyses were conducted in RStudio (2023.9.0.463) using
R (version 4.3.1).

2.5.3. Reduction in cannabis use

A Bayesian multilevel linear regression analysis (identity link) was
used to assess the effect of intervention condition, timepoint (baseline
vs. follow-up), and their interaction on cannabis use (grams per week).
Intercepts were allowed to vary over participants to incorporate the
repeated measures structure into the model. Cannabis use outcomes
were square root transformed to correct for non-normality and then z-
scored for analyses. Gender was set to —0.5 and 0.5 before being added
to the model. Scores on all other control variables were z-scored before
being added to the model. The following minimal informative priors
were included: intercept = normal(1,2), main effect = normal(0,1),
interaction effect = normal(0,.5), standard deviation of the subject
intercept = exp(5).

One intervention condition was considered more effective than the
other condition if > 99 % of the posterior distribution for the interaction
between condition and time was indicative of higher effectiveness for
that condition relative to what it was compared to. A 95 % cut-off was
used as an indicator of a likely difference in effectiveness. Analyses were
conducted in RStudio (2023.9.0.463) using R (version 4.3.1).

2.5.4. Maintenance of cannabis use levels

To assess long-term maintenance of cannabis use levels following
intervention, we used a Bayesian repeated measures ANOVA to assess
the effect of timepoint (within person: baseline, two-week follow-up,
and three-month follow-up) and condition (between person: MCII, Cue-
control) on grams of cannabis per week, using default priors in JASP
(JASP Team, 2025). The control condition was excluded from this
analysis due to the interference of additional Cue-control interventions
between the two-week and three-month follow-up assessments that
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were offered to participants (Fig. 2).

2.6. Preregistration

All analyses were preregistered (https://osf.io/hfdxa). We deviated
from the pre-registration in the outcome measure used for reduction in
cannabis use: we used a single item grams per week, rather than the
TLFB procedure described in the pre-registration. In the current study,
the TLFB was completed online without the supervision of an experi-
menter, which resulted in many questionable values (i.e., likely missing
a comma or very high values) and missing data (only N =135 of
N =152 having complete and most likely accurate data, unevenly
distributed across groups). Although the TLFB is often considered a su-
perior way of assessing cannabis use (Lorenzetti et al., 2022), previous
research has shown very high correlations between single item and TLFB
measures of cannabis use in grams per week (Kroon et al., 2024) and a
high correlation between single item and TLFB was observed in the
likely accurate subset of our data (N = 135, r = .81, p < .001).

3. Results
3.1. Retention and adverse events

Of the 230 participants that completed the baseline assessment and
were allocated to an intervention condition, 152 (66.1 % of the baseline
sample) were included in the analyses. Of the 78 participants that were
excluded across conditions, 55 did not meet the criteria to be included in
the analyses, while 23 did not complete the two-week follow-up
assessment (Fig. 1). Of those that met all inclusion criteria (N = 175),
retention was highest in the Cue-Control group (61 of 66; 92.4 %), fol-
lowed by the MCII group (46 of 54; 85.2 %), and the Control group (45
of 55; 81.8 %). Retention at three-month follow-up was relatively low
with only 22 participants in the MCII condition (47.8 % of the MCIL
group included in analysis) and 29 participants in the cue-control con-
dition (47.5.0 % of the MCII group included in analysis) completing the
assessment. No adverse events were reported throughout the study.

3.2. Sample characteristics

Groups were matched on all variables included at baseline (Table 1).
Across groups, participants were on average 21.78 (SD = 3.75) years
old, with women being slightly overrepresented (44.1 % men). Partici-
pants indicated moderate levels of anxiety and depression, and about 1
in 3 participants reported a psychiatric diagnosis. On average, partici-
pants used cannabis on 4 days per week during the last year, using
around one gram on each use day. CUDIT-R scores (M > 17 in all groups)
and CUD symptoms (Mean > 6) indicated high risk use and severe CUD
in the majority of participants and CUD symptoms being present in all
individuals. On average, participants reported weekly use for 3 years. In
terms of recency of cannabis use, and its potential acute or subacute
effects, 22.5 % of participants reported using cannabis on the day of the
baseline assessment, which was similar to the reported same day use at
2-week follow-up (24.3 %).

3.3. Subjective goal achievement

Subjective goal achievement in both the MCII and Cue-control con-
ditions was higher than subjective goal achievement in the Control
condition, using the 99 % cut-off criterion (Table 2, Fig. 3, Table S1,
MCII: Estimate = —0.90, 99.98 % of the posterior indicating higher
subjective goal achievement, 95 %HDI: [-1.40, —0.40]; Cue-control:
Estimate = —0.66, 99.8 % of the posterior indicating higher subjective
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goal achievement, 95 %HDI: [-1.13, —0.20]). Subjective goal achieve-
ment was not reliably different between the MCII and Cue-control
conditions (Estimate = 0.24, 95 %HDI: [-0.14, 0.62]). The model
explained a moderate amount of variance [R? = 0.21, 95 %HDI: [0.13,
0.28]), showed good convergence (Rhat = 1) and a high effective sample
size (ESS; lowest > 25000). Looking at the posterior distributions, Fig. 3
shows the estimated percentage of individuals indicating each level of
subjective goal achievement within each condition controlling for all
covariates (at the average level of all covariates). These posterior esti-
mates suggest that an average respondent going through each of the
conditions would be expected to achieve or surpass their goal 58.8 % of
the time for Cue-control, 67.4 % of the time for MCIL, and 34.1 % for the
Control condition.

3.4. Objective goal achievement

Over 60 % of the individuals in the Cue-control (69.0 %, 95 %HDI:
[55.0, 83.7]) and MCII (60.3 %, 95 %HDI: [46.6, 73.8]) conditions
achieved their use-reduction goal - defined as reaching at least 95 % of
their goal - while less than half of the individuals in the Control group
did (49.5 %, 95 %HDI: [35.5, 65.3], Table 2, Fig. 4). Results indicated a
likely higher effectiveness (.95 cut-off) of the MCII condition compared
to the Control condition with 96.7 % of the posterior indicating higher
goal achievement (Estimate = 0.82, 95 %HDI: [-0.05, 1.72], Table S2).
This was not the case for the Cue-control condition (85.5 % of the pos-
terior indicating higher objective goal achievement, Estimate = —0.38,
95 %HDI: [-0.37, 1.27]), which did not differ from the Control condi-
tion. However, direct comparisons showed similar objective goal
achievement in the Cue-control condition and MCII condition (Estimate
= —0.38, 95 %HDI: [-1.14, 0.38]). The model explained a moderate
amount of variance (R? =.16, 95 %HDI: [0.10, 0.22]), showed good
convergence (Rhat = 1) and a high ESS (lowest > 28000). Looking at the
posterior distributions, Fig. 4 shows the estimated percentage of in-
dividuals that achieved their goal within each condition controlling for
all covariates (at the average level of all covariates). These posterior
estimates suggest that an average respondent going through each of the
conditions would be expected to achieve or surpass their goal 69.0 % of
the time for Cue-control, 60.3 % of the time for MCII, and 49.5 % for the
Control condition.

3.5. Change in cannabis use

A reduction in cannabis use — measured in grams per week — during
the two-week intervention was observed in all groups (Estimate =
—0.86, 95 %HDI: [-1.10, —0.62], Table S3). Looking at the interaction
between time (baseline, two-week follow-up) and condition, the MCII
(Estimate = —0.00, 95 %HDI: [-0.34, 0.34], 51.4 % of posterior indi-
cating a larger reduction in use) and Cue-control condition (Estimate =
—0.08, 95 %HDI: [-0.39, 0.23], 69.4 % of posterior indicating a larger
reduction in use) did not outperform the Control condition. Removal of
potential outliers did not affect the results. The model explained a
substantial amount of variance (R2 =.37, 95 %HDI: [0.31, 0.43]),
showed good convergence (Rhat = 1), and had a sufficient effective
sample size (ESS; lowest > 4600). Looking at the posterior distributions,
Fig. 5 shows the estimated grams used (z-scored) at baseline and at two-
week follow-up within each condition controlling for all covariates (at
the average level of all covariates).

3.6. Maintenance of cannabis use at three-month follow-up

Results showed that the model including Time - but not condition or
their interaction - outperformed other models (BFy, = 10.578). Post hoc
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Table 1
Sample characteristics at baseline.
Measure Unit Total Groups BFqo
N =152
Control MCII Cue-Control
N=45 N =46 N =61

Sample characteristics

Language %Dutch 27 9 10 8 0.111
Age M(SD) 21.78(3.75) 22.27(3.65) 21.17(3.67) 21.87(3.87) 0.152
Gender Y%male 44.08 40.00 47.83 44.26 0.080
Education years M(SD) 14.63(2.81) 14.89(2.94) 14.63(3.51) 14.43(2.06) 0.089
Psychiatric Diagnosis Y%yes 30.26 28.89 34.78 27.87 0.053
Anxiety M(SD) 8.67(4.85) 9.24(5.04) 9.02(4.89) 7.98(4.67) 0.162
Depression M(SD) 10.27(5.09) 10.07(4.85) 9.74(5.18) 5.09(3.50) 0.167
Alcohol use 14-day* M(SD) 13.78(13.41) 15.74(17.29) 13.86(11.68) 12.28(11.22) 0.138
Cigarette use 14-day> M(SD) 33.56(65.23) 34.37(67.09) 33.34(67.08) 33.12(63.52) 0.066

Cannabis use

MINI CUD M(SD) 6.62(2.28) 6.58(2.30) 6.98(2.18) 6.38(2.35) 0.144
Single symptom (1) N(%) 2(1.32) 0(0.00) 0(0.00) 2(3.28) -
Mild (2—-3) N(%) 8(5.26) 3(6.67) 2(4.35) 3(4.92) -
Moderate (4—5) N(%) 44(28.95) 14(31.11) 12(26.09) 18(29.51) -
Severe (6 +) N(%) 98(64.47) 28(62.22) 32(69.56) 38(62.30) -
CUDIT-R M(SD) 17.81(4.86) 17.80(5.61) 18.11(4.70) 17.59(4.45) 0.075
Cannabis use 14-day3 M(SD) 6.69(6.65) 6.73(6.66) 6.35(5.58) 6.90(6.99) 0.072
Years weekly use M(SD) 3.03(2.83) 3.16(2.66) 2.90(2.95) 3.02(2.90) 0.072
Self-reported Days/week M(SD) 4.36(2.08) 4.56(2.16) 4.20(2.06) 4.34(2.06) 0.088
Self-reported Gram/Week M(SD) 3.72(3.79) 4.36(4.45) 3.10(2.83) 3.72(3.87) 0.192
Treatment attempts M(SD) 0.27(1.12) 0.34(1.11) 0.21(0.76) 0.28(1.49) 0.077
Last use %Today/ %Yesterday/ 22.37/42.11/ 35.53 20.00/51.11/ 23.91/36.96/ 22.95/39.34/ 0.019
%LongerAgo 24.89 39.13 37.71
Administration method %SmokeTob/ %SmokeNoTob/ 62.5/26.97/ 62.22/28.89/0.00/2.22/ 6.67 60.87/23.91/0.00/6.52/ 8.70 63.93/27.87/3.28/1.64/ 3.28 0.031
%SmokeConc/ %Vaping/Other 1.32/3.29/ 5.92
Gram/Week goal M(SD) 1.20(1.35) 1.41(1.50) 0.92(0.98) 1.25(1.45) 0.246
Motivation to change Med(MAD) 2(1) 2(1) 2(0) 2(1) 0.223

Note. 1Missing: Control: N = 2, MCIL: N = 1, Cue-Control: N = 2; 2 Missing: Control: N = 2, MCII: N = 2, Cue-control: N = 2;. 3 Missing: MCII: N = 2; M = mean, SD = standard deviation; Med: median, MAD = median
absolute deviation; CUDIT-R: cannabis use disorder identification test — revised; MINI: mini international neuropsychiatric interview, CUD: cannabis use disorder; BF = bayes factor; Tob = tobacco.
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Table 2

Follow-up outcomes.
Measure Unit Total Groups

Control MCII Cue-Control

Subjective Goal Achievement Med(MAD) 2(1) 3(1) 2(1) 2(1)
Objective Goal Achievement %Yes 58.55 46.67 65.22 62.30
Gram/Week Change BL-2W M(SD) —2.22(3.24) —2.47(3.89) —1.76(2.42) —2.38(3.26)
Gram/Week Change BL-3M M(SD) - - —1.33(2.23) —1.23(2.92)
Gram/Week Change 2W-3M M(SD) - - 0.59(2.35) 0.48(1.62)

Note. BL = baseline, 2 W = two-week follow-up, 3 M = three-month follow-up, Med = median, MAD = median absolute deviation, M = mean, SD = standard
deviation.
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Fig. 3. Subjective goal achievement. Results of the Bayesian cumulative ordinal logistic regression (probit link) analysis assessing intervention group difference in
subjective goal achievement, controlling for sex, depression, anxiety, cannabis use disorder symptoms and baseline cannabis use. The figure represents the estimated
percentage of people that self-reported each level of subjective goal achievement (at average levels of the control variables).
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Fig. 4. Objective goal achievement. Results of the Bayesian binary logistic regression (logit link) analysis assessing intervention group difference in objective goal
achievement, controlling for sex, depression, anxiety, cannabis use disorder symptoms and baseline cannabis use. The figure represents the estimated percentage of
people that achieved their goal (at average levels of the control variables).
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Fig. 5. Change in cannabis use. Results of the Bayesian multilevel linear regression analysis (identity link) assessing the effect of time and intervention group on
cannabis use in grams per week, controlling for sex, depression, anxiety, cannabis use disorder symptoms and baseline cannabis use. The figure represents the

estimated grams of use (z-scored; at average levels of the control variables).

comparisons of this model showed that, regardless of condition, par-
ticipants maintained their reduction in cannabis use at three-month
follow-up (Table 2; baseline-two-week: BFjy = 13426.755; baseline-
three-month: BF;( = 26.858; two-week-three-month: BF;¢ = 0.795).

4. Discussion

This pilot study assessed the effectiveness of a two-week self-guided
online intervention to help individuals reach their personal cannabis
reduction goals. The Back on Track intervention — both MCII and MCII +
additional Cue-control conditions — was more effective than the minimal
intervention condition (SMART goal setting) in helping individuals with
heavy cannabis use and CUD symptoms reach their reduction goals.
Participants reduced their cannabis use over time regardless of the
intervention, indicating a general motivation or study participation ef-
fect; however, differences between interventions emerged only when
examining goal achievement. These results indicate that the type of
intervention influenced whether participants met their goals — both
subjectively and objectively — but not the degree of reduction in grams
per week within this short intervention. However, the maintenance of
this intervention-independent reduction in grams per week at three-
month follow-up suggests that the initial decreases in cannabis use
across groups were sustained over longer time periods. Around 69 % of
participants in the MCII condition and 60 % of the participants in the
Cue-control condition achieved their reduction goal. This was largely in
line with the reported subjective goal achievement: 67 % in the MCII
condition and 59 % in the Cue-control condition reported achieving
their goal (subjective goal achievement of ‘met goal’ or ‘did better than
goal’). These results are in line with previous studies on the effectiveness
of implementation intentions in tobacco and alcohol use reduction
(Hagerman et al., 2021; Malaguti et al., 2020). Compared to MCII,
Cue-control did not increase the likelihood of subjective or objective
goal achievement. Hence, MCII might be preferred for ease of imple-
mentation and instruction. However, anecdotally, several participants
reported finding cue-reduction useful and enjoyed actively implement-
ing it. With cue-induced craving being a central factor for return to use
and continued heavy use (Vafaie and Kober, 2022), it would be worth to
assess whether Cue-control alone - or as part of an online CBT inter-
vention (Schippers et al., 2014) - can be used to achieve cannabis

reduction goals or whether it might be a useful tool in the maintenance
of reduction after the intervention. Furthermore, individual differences
in cannabis cue-induced craving and attentional bias might affect the
effectiveness of Cue-control. Hence, future studies could assess baseline
cue-induced craving or attentional bias to cannabis-related stimuli
(Field, 2005; Vafaie and Kober, 2022) to explore individual differences
in effectiveness.

The Back on Track intervention did not affect the objective reduction
in cannabis use in grams per week over the two-week period; all par-
ticipants including those in the minimal intervention Control condition
reduced their use by a similar amount. As use in grams at baseline and
reduction goals in grams did not differ between groups, early achieve-
ment of goals in one group over another seems unlikely. However, as the
average use per week at baseline was 3.7 g per week across conditions,
the mean reduction of 2.2 g across conditions (with a SD of 3.2) might
have resulted in a ceiling effect in some individuals and reduced the
possible range of scores reflecting successful reduction. Furthermore,
the drop-out rate was higher in the Control group (12.8 % drop-out)
than in the other conditions (Cue-control: 6.25 % drop-out, MCII
11.11 % drop-out), which could have biased the results in favor of the
Control group as relatively more individuals that were unsuccessful in
their use reduction might not have finished the study. Larger samples,
including individuals who use cannabis heavily but have more room for
reduction in use, are needed to assess potential differentiation of inter-
vention methods at different levels of use. Also, although no significant
differences between two-week follow-up and three-month follow-up
were observed, there appears to be a trend pointing towards a slight
increase in use after the end of the intervention. Larger sample sizes and
longer follow-ups are needed to explore who maintains reduced levels of
use, for what period they maintain this reduction, and whether this
differs depending on intervention.

Core strengths of this intervention are the online accessibility and
related scalability — not requiring professional help and avoiding health
care related costs — and the option to opt for a reduction goal rather than
an abstinence goal. Giving individuals the chance to set personal goals
can increase agency and patient empowerment which could aid goal
achievement (Loukanova et al., 2007; Lozano et al., 2006). Also,
retention was relatively high in the MCII (85.2 %) and Cue-control
(91.4 %) conditions. Reducing the number of baseline assessments —
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which would also better reflect a pure treatment rather than research
objective — could potentially increase retention even more.

Some limitations of this study must be noted. Although the study was
pre-registered, it was not registered as a clinical trial. The three condi-
tions were very well matched on a large range of relevant variables, but
the sample size of this pilot and feasibility randomized trial was rela-
tively limited. A replication with a larger sample could for example 1)
assess the potential effect of Cue-control as a stand-alone intervention or
as part of an online CBT intervention, 2) include a non-active (waitlist)
control as a comparison condition, 3) evaluate the role of additional
variables such as type of cannabis used, previous unsuccesful treatment
attempts, attentional bias, and craving in order to identify individual
differences in effectiveness, or 4) include different novel intervention
groups such as ABC training which has shown promising initial results in
alcohol use reduction (Pan et al.,, 2024; Van Dessel et al., 2023).
Furthermore, the relatively large drop-out rate at three-month follow-up
limits our ability to assess the long-term effects of the interventions and
future studies should intend to and incentivize the participation in
longer-term follow-up assessments. This could for example be done by
providing a financial compensation for participation in the follow-up
assessments. Currently, the limited age range - with our sample
including largely older adolescents and young adults — limits our ability
to generalize these results to older age groups. Follow-up studies should
consider focusing on a broader age range, also assessing accessibility
and evaluate ease of implementation in these groups and potentially
adapt the instructions accordingly. Furthermore, we cannot exclude the
possibility of intoxication effects or sub-acute effects of cannabis during
the online assessments. Although this is related to the online nature of
the study, researchers are encouraged to explicitly instruct participants
to complete the assessments sober. Finally, our assessments of grams per
week of cannabis use relied on a single item question due to low data
quality from the online version of - the more extensive - TLFB procedure.
Future studies could include multiple types of measurements of cannabis
use to enable cross-validation or could opt for more extensive in-
structions — potentially including experimenter contact — on how to
accurately complete the online TLFB calendar.

Based on this pilot and feasibility randomized trial, the Back on Track
MCII intervention seems to be a promising short, online, self-guided
intervention that is suitable for a broad range of cannabis reduction
goals. MCII showed better results than the minimal SMART goal inter-
vention in individuals with heavy cannabis use and CUD symptoms, but
the inclusion of Cue-control did not increase the effectiveness of MCIIL.
Replication studies in larger samples should be conducted to assess its
short- and long-term effectiveness in a broader range of individuals
interested in reducing or quitting cannabis use without formal
intervention.
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