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Abstract

Background: Though Internet- and mobile-based interventions (IMls) and mindfulness-based interventions (gener-
ally delivered in-situ) appear effective for people with substance use disorders, IMIs incorporating mindfulness are
largely missing, including those targeting frequent cannabis use.

Methods: This paper details the protocol for a three-arm randomized controlled trial comparing a mindfulness-
based self-help IMI (@arm 1) and cognitive-behavioral therapy (CBT)-based self-help IMI (@arm 2) versus being on a wait-
ing list (arm 3) in their effectiveness reducing cannabis use in frequent cannabis users. Predictors of retention, adher-
ence and treatment outcomes will be identified and similarities between the two active intervention arms explored.
Both active interventions last six weeks and consist of eight modules designed to reduce cannabis use and common
mental health symptoms. With a targeted sample size of n =210 per treatment arm, data will be collected at baseline
immediately before program use is initiated; at six weeks, immediately after program completion; and at three and six
months post baseline assessment to assess the retention of any gains achieved during treatment.

The primary outcome will be number of days of cannabis use over the preceding 30 days. Secondary outcomes will
include further measures of cannabis use and use of other substances, changes in mental health symptoms and
mindfulness, client satisfaction, intervention retention and adherence, and adverse effects. Data analysis will follow ITT
principles and primarily employ (generalized) linear mixed models.

Discussion: This RCT will provide important insights into the effectiveness of an IMI integrating mindfulness to
reduce cannabis use in frequent cannabis users.
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Background

The consumption of cannabis to a tetrahydrocannabinol
(THC) level of 1% or greater is generally prohibited in
Switzerland [1]. Nevertheless, it is — as in other countries
[2, 3] — one of the most commonly used illicit substances,
with about a third of individuals at least 15-years-old
having used cannabis at least once [4]. Lifetime preva-
lence is highest among young adults (especially males),
with more than half of 20-34-year-olds reporting they
have used cannabis at least once [4]. In this age group,
roughly 10% indicate that they have used cannabis within
the previous 30 days, with almost 25% of these admit-
ting (almost) daily use [4]. People who use cannabis have
a one in five risk of developing a cannabis use disorder
(CUD), and this risk increases if cannabis use is initiated
early and it is used at least weekly [5]. People with a CUD
are more likely to report symptoms of other mental dis-
orders (e.g., mood disorders [6]) and frequent cannabis
use is associated with negative physical and social conse-
quences [7].

However, even people with CUD who perceive a need
for treatment might be reluctant to seek traditional pro-
fessional help. Reasons include their fear of stigmatiza-
tion, a preference to rely on themselves, and financial and
structural barriers [8, 9]. Self-help internet- and mobile-
based interventions (IMI) help overcome these barriers.
According to meta-analyses, Internet- and computer-
based interventions seem to be effective at reducing can-
nabis use in the short-term, with small but significant
effect sizes (ES) observed post-treatment [10, 11] and
significant effects at 3-month [12] and 6-month [13],
but not 12-month follow-up [10]. The studies that were
included in the aforementioned meta-analyses predomi-
nantly used personalized feedback, motivational inter-
viewing (MI) and/or cognitive-behavioral therapeutic
(CBT) approaches.

CANreduce is also a self-help IMI for frequent can-
nabis users that draws on classical MI [14] and CBT
approaches [15]. The program consists of eight mod-
ules that users can work through at their own pace over
a period of six weeks. Two randomized three-armed
controlled trials (RCT) have been conducted to test the
effectiveness of versions of the program in existence at
the time. Version 1.0 [16] was shown to be more effec-
tive reducing cannabis use when supplemented with the

option of a brief professional chat (counseling) session,
even though this option only was used by about one fifth
of users. More precisely, small ES (0.20) were identified
for the comparison between the study arm with chat
counseling versus a waiting list control group at 3-month
follow-up [17]. Hence, the chat invitation that was sent
out by a health professional was possibly already suffi-
cient to reduce participants’ cannabis use.

Based on this finding and following the theory behind
the supportive-accountability model [18], it was hypoth-
esized that a more automated eCoach would — similar to
the health professional used in CANreduce 1.0 — increase
both the program’s rate of adherence and effectiveness
[19]. The eCoach who was incorporated in the first study
arm of CANreduce 2.0 introduced the contents of most
modules via a short video. Furthermore, weekly semi-
automatic motivational and adherence-focused guid-
ance-based feedback was sent out in her name, as were
answers to any questions raised by users (in actuality, the
questions were answered by anyone on the study team).
The second study arm of CANreduce 2.0 only differed
from the first arm by referring to an anonymous sup-
port team rather than to a personal eCoach (i.e., the same
semiautomatic emails were sent to participants and all
questions participants raised were answered in the same
way), albeit without any videos. The second study arm,
which had the anonymous support team, was found to
be the most effective intervention, in terms of reducing
cannabis use, with a moderate ES (d=0.60) versus wait-
ing list controls at 3-month follow-up [20]. Moreover, in
this second study arm, CUD symptoms (measured using
Cannabis Use Disorders Identification Test-Revised
(CUDIT-R) [21], d=0.52), cannabis dependence (Sever-
ity of Dependence Scale (SDS) [22], d=0.60) and anxi-
ety symptoms (d =0.51) were reduced, this last reduction
documented for the first time testing an IMI for cannabis
users. That the ES for cannabis use reduction were much
larger than in CANreduce 1.0 (see above) might also have
been due to further adaptions that were implemented in
both active study arms in CANreduce 2.0. Most impor-
tantly, frequently co-occurring mental health problems
(e.g., symptoms of depression and anxiety, and sleep dif-
ficulties) among frequent cannabis users were addressed
in CANreduce 2.0 via CBT-based approaches for depres-
sion and anxiety reduction and via social problem-solving
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skills training [23-25]. This adaptation was crucial, since
comorbidities between frequent cannabis use and other
mental disorders might dampen a treatment’s effective-
ness [26]. Despite the larger ES observed with CANre-
duce 2.0, compared to both the previous version of the
program and earlier digital interventions (ES=0.11 [12]),
there remains room for improvement.

One potential way to further improve the program
would be to incorporate previously-neglected but
promising approaches within IMI, including mindful-
ness. Mindfulness can be defined as the “awareness that
emerges through paying attention on purpose, in the pre-
sent moment and nonjudgmentally to the unfolding of
experience moment by moment” [27]. Practicing mind-
fulness can be useful to people with substance use disor-
ders (SUD), since their condition may be characterized by
mindlessness [28] (i.e., habitual or stereotyped responses
that may be carried out automatically without conscious
volition or strategic consideration of the consequences
that might arise from them [29]). Mindfulness has been
suggested as a way to support people with SUD via vari-
ous mechanisms [29, 30]; e.g., by helping them increase
their awareness of triggers, habitual patterns, and ‘auto-
matic’ reactions and by shifting their relationship to all
internal and external experiences [31]. Mindfulness prac-
tices — like ‘mindful breathing” — might help individuals
to reorient their attention to the sensation of breathing
when they are experiencing something distressing that
typically would trigger them to use a particular substance
[31]. There also is evidence that mindfulness techniques
(e.g., mindful breathing) can evoke biological (e.g., altered
brain activity) and subsequently behavioral mechanisms
(e.g., decreased substance cue-reactivity) that may lead to
improved clinical outcomes (e.g., decreased craving) [29].

Though some standardized mindfulness-based inter-
ventions (MBI) were not originally developed specifi-
cally for people with SUD (e.g., Mindfulness-Based Stress
Reduction (MBSR; [32]), they are nevertheless sometimes
applied to this target group [33]. Other interventions
— like Mindfulness-Based Relapse Prevention (MBRP;
[31]), Mindfulness Training for Smokers (MTS; [34—36])
and Mindfulness-Oriented Recovery Enhancement
(MORE; [37]) — have been conceptualized specifically
for people with a SUD. MBI - including those previously
mentioned — are mostly conducted in an in situ group
therapy format over several weeks (typically 8 weeks).
During group sessions, clients are guided by a trained
professional through various mindfulness practices that
are subsequently debriefed in group processes that is
typically followed-up by an introduction to new psychoe-
ducational material [29]. They also are given homework,
including mindfulness practices and assignments to self-
monitor symptoms related to their SUD [29].
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Several papers have addressed the question of whether
the above-mentioned standardized and other MBI are
effective treating people with SUD. In one systematic
review and meta-analysis published by Li et al. [38], MBI
were found to have a small effect reducing substance mis-
use, a medium effect reducing cravings, and a large effect
reducing levels of stress relative to alternative treatments
(e.g., treatment as usual (TAU), CBT, and a support
group). Similarly, Cavicchioli et al. [39] detected small
to large effects for MBI relative to other active programs
for alcohol and drug use disorders (small effects for absti-
nence, levels of perceived stress, and avoidance cop-
ing strategies; moderate effects for symptoms of anxiety
and depression; large effects for level of perceived crav-
ing, negative affectivity, and post-traumatic symptoms).
Other meta-analyses and systematic reviews have also
yielded promising results concerning the effectiveness
of MBI treating SUD [33, 40—44]. One systematic review
and meta-analysis that specifically focused on MBRP for
SUD concluded that this MBI might — relative to other
interventions — exert small effects on withdrawal/crav-
ings and the negative consequences of substance use,
but no effects on other outcomes (including relapse, fre-
quency of use, symptoms of anxiety or depression) [45].
In summary, at least some published evidence exists that
MBI might be helpful to people with SUD. Furthermore,
MBI might be superior to other treatments for some sub-
groups with certain clinical (e.g., co-occurring SUD and
depression [46, 47]) or sociodemographic characteristics
(e.g. [48]).

Despite these promising findings, that most studies
on the effectiveness of MBI hitherto focused on sub-
stances like tobacco, alcohol, or poly-substance use [33]
must be considered. To the best of our knowledge, the
effectiveness of MBIs treating frequent cannabis use
has, to date, only been evaluated in two pilot studies. In
the first, Dakwar and Levin [49] provided 10 weeks of
weekly, individual mindfulness-based psychotherapy
to 14 cannabis-dependent subjects. Of these, 11 com-
pleted the program (79%), and eight achieved abstinence
(57% by intent-to-treat (ITT) analysis) by the end of
treatment. In a second study, by de Dios et al. [50], the
efficacy of a brief, two-sessions intervention that com-
bined MI and mindfulness meditation was examined as
a means to reduce cannabis use in young adult females.
The intervention group consisted of 22 women, while an
assessment-only control group numbered 12. Women
randomized to the intervention group used cannabis on
fewer days than controls one, two, and three months post
treatment. Thus, even though these two pilot studies are
limited by their small size, they nonetheless both suggest
that MBI might also be feasible and effective for frequent
cannabis users.
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The need for larger, well-designed RCTs to study the
effectiveness of MBI is not specific to frequent canna-
bis user, but other substance-related problems, as well
[30]. Furthermore, Wilson et al. [30] have provided
suggestions on how future research could address
the implementation challenges of traditional MBIs.
Among other things, these authors pointed out the
lack of studies evaluating MBI delivered via technol-
ogy-based platforms, even though this mode of deliv-
ery could expand such interventions’ reach [30].

Preliminary findings on web- and/or mobile-based
MBI for SUD are promising [30]. However, to the best
of our knowledge, no paper on the effectiveness or effi-
cacy of mindfulness-based web self-help for frequent
cannabis users has yet been published. This said, Hides
et al. [51] have published their protocol for an RCT
to determine the efficacy and cost-effectiveness of a
web-based program that includes a small mindfulness
component compared to an information-only control
website among young cannabis users (16-25 years)
with psychotic experiences (i.e., a narrow target group).

Based on the outlined research on the effectiveness
and efficacy of web-based self-help interventions, as
well as MBI, for people with SUD, and based upon
existing research gaps (e.g., the lack of large RCTs and
any web-based MBI for frequent cannabis users), the
study presented in this protocol seeks to examine the
effectiveness of a web self-help intervention (CAN-
reduce 3.0) that incorporates mindfulness as a way to
reduce cannabis use among adults, of any age, who use
cannabis frequently.

Study design and methods

Design

The self-help IMI called CANreduce 3.0 will be evalu-
ated within a three-arm RCT, which will compare a
mindfulness-based self-help IMI (arm 1); a CBT-based
self-help IMI (arm 2); and a waiting-list control condi-
tion (arm 3) in their effectiveness reducing cannabis use
among frequent cannabis users. Since the mindfulness-
based self-help IMI (arm 1) contains newly-developed
contents, testing its effectiveness is of primary interest
in the current RCT. The CBT-based self-help IMI (arm
2) is a slightly-adapted version of CANreduce 2.0 [19]
and serves as a reference program [52]. Performance of
the reference intervention is, thus, not the main con-
sideration; however, if the test (arm 1) and reference
intervention (arm 2) both fail to demonstrate a statis-
tically-significant advantage over the control condi-
tion, this could suggest that the trial is insensitive, or
lacks assay sensitivity. If differences are observed, the
difference between the reference intervention (arm 2)
and controls can be used to help assess the practical
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relevance of the difference between arm 1 and the con-
trol condition [52].

Consistent with this, a confidence interval approach
will be used as an exploratory tool to identify simi-
larities between treatment arms 1 and 2 [53, 54]. The
control condition (arm 3) will consist of all the same
assessments administered to the other two subject
groups (see Section Measures), as well as brief advice
on the health risks of cannabis use (e.g., potential
short-term and long-term effects). Some screening
and brief internet interventions from Swiss addiction
counselling also are available on the Internet and, as
such, might be accessed by controls, but no links to
them will be provided in CANreduce 3.0. Participants
who are assigned to the control group will be offered
the opportunity to receive the intervention delivered
in study arm 1 after they complete the final assess-
ment of the RCT, six months after they register for the
study).

The trial has been registered with the ISRCTN regis-
try (date of registration: 09/09/2021) and is traceable as
ISRCTN14971662 (http://www.isrctn.com/ISRCTN14971662).
It also has been approved by the Ethics Committee of the Fac-
ulty of Arts and Social Science at the University of Zurich, Swit-
zerland (approval number: 20.4.17). Any important protocol
modifications would be reported to this Ethics Committee.

Trial flow

All of the steps in this RCT, including subject recruit-
ment, the consent procedure, eligibility screening, the
baseline and further assessments, and the randomiza-
tion of participants to one of the three study arms are
depicted in Fig. 1 and described in greater detail in sub-
sequent sections.

Recruitment of study participants
Frequent cannabis users from the general population will
be recruited directly through the website canreduce.ch,
which is well-known since earlier versions of the program
have been advertised broadly [19]. The target group also
will be informed about the study via reports in community
newspapers and posts on the national addiction internet-
portal SafeZone.ch. Additionally, relevant healthcare pro-
fessionals will be informed about the program via journals
published by certain professional association to which they
might belong (e.g., Swiss Medical Association FMH, Fed-
eration of Swiss Psychologists FSP) and related websites
(e.g., praxissuchtmedizin.ch), as well as through direct
mailings (including flyers to general practitioners, psycho-
therapists, and psychologists).

The recruitment phase, which has already started,
began on September 13 2021 and will last until
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Fig. 1 Trial flowchart

September 13 2023. The two-year duration of the recruit-
ment phase should allow us to recruit the targeted sam-
ple size of 630 participants (see below). As detailed
below, participants with sufficient knowledge of German
are eligible to participate. Hence, even though the pro-
gram is primarily advertised in the German-speaking
part of Switzerland, it is possible that people from other
parts of Switzerland, and from Germany and Austria will
participate as well.

Consent procedure and registration

People interested in the program will first read a detailed
description of the study, which will include all of the fol-
lowing elements:

— background and purpose of the study

— eligibility criteria for participation (see below)

— randomized allocation to one of three study arms
(including a one in three chance of being assigned to
a waiting-list control group)

— description of what individuals in each study arm
are offered (no details about the differences between
the two active study arms are provided, but they are
broadly described as a revised version of the effective
self-help IMI CANreduce 2.0)

— data collection points (baseline, t1, t2, t3)

— compensation for completing the follow-up ques-
tionnaires (see below)

— voluntariness of participation and their right to with-
draw consent at any time, with no consequences

— confidentiality and data protection (anonymity is
ensured by deleting all contact details of participants
before statistical analysis and data archiving)

— advantages of study participation (participation
might help them reduce their cannabis use; that the
program is free also is mentioned)

— potential risks of study participation (that CANre-
duce cannot replace a professional diagnosis and/or
face-to-face therapy is emphasized; that symptoms
of withdrawal might occur when cannabis use is
reduced initially is mentioned)

— contacts to health professionals (under which cir-
cumstances professional help should be sought is
described); emergency contacts and a search index
to find health professionals can be retrieved from the
CANreduce-website

— institutional framework of the study, responsible pro-
ject leader and contact details for queries

— prior approval of the study by the Ethics Committee
of the Faculty of Arts and Social Science at the Uni-
versity of Zurich (including contact details for any
complaints about the study).
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Once informed about the study, potential participants
must give informed consent by confirming that (1) they
have read and understood the study information; (2) they
are currently not receiving any other treatment to reduce
their cannabis use; (3) they are participating voluntarily
and understand that they may terminate their participa-
tion at any time, without giving any reasons; and (4) by
agreeing to participate, they are permitting their data
— anonymized and aggregated with data from others
collected over the course of the study — can be both ana-
lyzed and made available to others within an open reposi-
tory. Once individuals provide such consent, they will be
allowed to register for the study by providing a username,
and both an email address and a phone number with
which they can be contacted.

Screening for eligibility

After providing informed consent and registering for the
study, potential participants are screened for eligibility.
Inclusion and exclusion criteria are listed in Table 1.

Assessments, compensation, and randomization

Once they complete a baseline questionnaire (t0), par-
ticipants will be randomly allocated by a random number
generated by the server to one of three study arms. The
masking technique will be partially single-blinded: partic-
ipants will know if they were assigned to the waiting list
control group or to one of the two intervention groups.
However, in the latter case, they will be unaware of the

Table 1 Inclusion/exclusion criteria and their underlying rationale
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particular intervention that they are receiving. The risk of
disappointing participants who fail to receive their pre-
ferred intervention is essentially eliminated by describing
both interventions as ‘an optimized version of a previ-
ous program’ without providing further details. Those
participants who are assigned to study arms 1 or 2 can
then immediately commence with the program, whereas
controls assigned to study arm 3 will be informed that
they must wait for six months to access the intervention.
Besides the baseline questionnaire (t0), participants in
all study arms will be asked to fill out an online assess-
ment at six weeks (i.e., for study arms 1 and 2: immedi-
ately after they conclude the program; t1), three months
(t2) and 6 months (t3) after their baseline assessment.
Participants will earn 20 Swiss Francs for completing the
3-month follow-up assessment (t2) and 30 Swiss Francs
for completing the 6-month follow-up assessment (t3).
They can individually decide whether they wish to receive
the total amount as an online voucher or to donate it to a
charity. The study personnel is not blinded.

Interventions

The current section describes the contents of the active
study arms. First, features that pertain to both study arms
will be described. Second, the first study arm (mindful-
ness-based self-help IMI) will be described in detail,
since the integration of mindfulness into the program is
the primary novelty of CANreduce 3.0. Since study arm
2 (CBT-based self-help IMI) largely corresponds to the
CANreduce 2.0 version [19], only major adaptions that

Inclusion Criteria

1) Informed consent

2) Minimal age of 18 years
3) Cannabis use at least once weekly over the last 30 days

4) At least once weekly Internet access, including the potential to listen to
audio(-visual) files while undisturbed

4) A valid email address and telephone number

5) Fluency in the German language

Exclusion Criteria

1) Participation in other psycho-social or pharmacological treatments for
the reduction/cessation of cannabis use

2) Current, pharmacologically-treated psychiatric disease or any history
of psychosis, schizophrenia, bipolar type | disorder, or significant current
suicidal thoughts

Rationale

To ensure participants knowledge of what the study entails and to meet
the requirements of the ethics committee

To ensure that all participants are of legal age to consent on their own

To include participants not only with (almost) daily use and, thus, increase
the study’s validity and generalizability

To ensure at least some access to the intervention and - in study arm 2 - to
the mindfulness practices and video material

A valid email address is needed for registration and to contact study
participants (e.g., sending invitations to fill out questionnaires). A telephone
number must be provided in case a participant cannot be reached via
email (e.g,, for follow-up surveys)

To ensure that participants will be able to understand the information
provided

Rationale
To avoid confounding treatment effects

To avoid having subjects with these problems enter the study, and prevent
confounding from other treatments
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have been integrated into the current version will be
described.

Features of both active study arms (Study arms 1 and 2)

General set-up Both study arms consist of eight mod-
ules that must be completed within a time frame of six
weeks. The first four modules must be completed consec-
utively, after which participants might choose the order
in which they complete the four remaining modules.

Tutorial Participants familiarize themselves with the
main features of the program via an initial tutorial that
explains the dashboard, the consumption diary, the mod-
ules (including ‘my contributions’), the eCoaches, and the
fictional companions (see subsequent paragraphs).

Dashboard The dashboard displays useful information
at a glance, including information on when the partici-
pant started the program and how many days remain for
them to complete it. An overview of the different assess-
ment time points and their status (completed, pending) is
provided, as well. Similarly, an overview of the modules
is given, including their title, their status of completion
(completed, pending), and materials that the partici-
pant has created within the modules (e.g., personal lists
of pros and cons of using cannabis). By clicking on the
title of a module, participants are taken to that page in
the module where they left off the last time they logged
in. Participants also can enter their cannabis consump-
tion over the past week via the dashboard, which is then
displayed in the progress chart (see ‘consumption diary’
for details). The dashboard also includes an activity plan-
ner that asks participants to list one or more activities
they have planned for the upcoming week, to indicate
how much joy they are expecting from this/these activ-
ity/activities and whether they have already concluded it/
them. This feature has been included because frequent
cannabis use and depression often co-occur [55] and
since activity enhancement is a key feature of CBT-based
approaches to treat depression [23]. Similar components
also are incorporated in the MBRP-program, wherein
participants are asked to choose and engage in reward-
ing activities as a home practice [31]. Lastly, the eCoach
accompanies the participant through the program via a
message box, giving tips on what to do next (e.g., con-
tinue a module, fill out a survey, etc.).

Consumption (and mindfulness practices) diary The
consumption diary consists of two sections. In the first
section, participants can fill out their personally-targeted
consumption for the upcoming week by entering how
many ‘standard joints’ they are planning to smoke each
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day (not smoking at all is indicated by entering ‘0’). The
designation ‘standard joint’ refers to the information that
the participant has provided in the baseline assessment
(t0; see ‘Measurements’). In the second section, partici-
pants are asked to fill out how many standard joints they
have actually smoked over the past week. The informa-
tion they enter is then displayed in the progress chart,
which compares planned with actual consumption within
each particular week. Participants are encouraged to fill
out their consumption diary at least once every week.
Doing so, participants should gain a more detailed
understanding about how many joints they are actually
smoking. Furthermore, self-control over their consump-
tion should be facilitated. Success (e.g., reduced cannabis
use, in accordance with their personally set goals) can be
visualized, as well. In study arm 1, any of the nine mind-
fulness practices that participants learn during the pro-
gram can also be entered in this dairy by adding specific
icons representing each practice. This might, for instance,
allow participants to recognize a potential association
between practicing mindfulness and their cannabis use.

eCoaches For the tutorial offered before both active
study arms, participants can choose either a male (Mar-
tin) or female (Anna) eCoach, who is depicted as an
avatar. The selected eCoach accompanies participants
throughout the program, by introducing each module
and — at the end of it — summarizing the main contents
and what they should have learned in written form. These
text messages are identical with the male and female
version of the eCoach. In study arm 1 (including mind-
fulness), the eCoaches also introduce themselves via
an audio message that includes a semi-fictional back-
ground story on how mindfulness became an impor-
tant part of their lives (the male and female introduction
vary slightly). Adding these introductory audios in study
arm 1 is important, as they allow participants to select
the voice that sounds more sympathetic to them and is,
therefore, preferred to guide them through the mind-
fulness practices of subsequent modules. The initially-
selected eCoach is subsequently displayed by default in
all modules, but can be changed at any time.

The eCoach will automatically send an email after indi-
vidual’s register in the study and again at the end of each
of the six weeks that participants are working on the pro-
gram, whether they are in intervention arm 1 or 2. Those
weekly emails are a way for the eCoaches to stay in touch
with participants and accompany them through the
course. They involve informing participants what week
of the program they are in, suggesting certain modules,
and reminding them to fill out the consumption diary.
Additionally, participants who do not seem to use the
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program after registration or are lagging behind sched-
ule are sent emails addressing the issue of concern and
asked if they need any help. To automate this process, we
predefined emails with specific trigger conditions like a)
an empty diary in week 2, b) being in week 3 and hav-
ing completed only one module, and c) reaching the end
of the six weeks but having completed fewer than four
modules. Adherence and retention should be improved
through this emails.

Fictional companions In the tutorial, participants can
choose one of six fictional companions. Each has been
given a name, age, profession, profile text, and avatar pic-
ture. Over the course of the program, the companions’
thoughts and experiences are displayed in written text
at critical points within the modules, with the chosen
companion displayed by default. The intention of this is
to promote participants’ deeper reflection on certain key
issues raised by the modules. Even though participants
select a particular companion, they can toggle through
the statements of the other fictional characters to gain
insights into different perspectives. This program feature
was already incorporated into CANreduce 2.0 but has
been adapted for the current version. It manifests very
similarly in the two active intervention arms, but occa-
sionally differs between the two study arms, when mind-
fulness plays a role.

Other common elements At any time during the pro-
gram, participants can access further content, including
information on relevant topics (e.g., on the immediate,
medium-, and long-term effects of using cannabis) and
on how to respond when immediate or additional help is
needed, including a list of emergency numbers. In study
arm 1, additional information is provided that includes
an overview of all the mindfulness practices that partici-
pants will be taught in the different modules (including
all audio files), information on the challenges that might
be experienced practicing mindfulness, and further
resources on mindfulness (videos, books, meditation-
apps, mediation courses).

Study arm 1: mindfulness-based self-help IMI

For this study arm, the contents of CANreduce 2.0 have
been adapted (see Section ‘Study arm 2: CBT-based web
self-help) and new mindfulness content has been added
with the aim of increasing the effectiveness of the pre-
vious version of the program, which was mainly CBT-
based. Hereby, we were mainly drawing on the MBRP
program [31], which combines mindfulness practices
and cognitive and behavioral-based relapse prevention.
Even though this program is typically delivered in a
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group format, Bowen et al. [31] suggested that it might
also be useful to develop and test a web-based adaption
to increase dissemination and access. Maximum flexi-
bility regarding the starting point and timing of module
processing, as well as user anonymity are key features of
CANreduce. Therefore, we refrained from setting up an
online group where participants meet virtually. Rather,
we aimed to stimulate deepened reflection into what
participants are experiencing during the mindfulness
practices via displayed dialogs between the eCoach and
the fictional companions (e.g., on intrusive thoughts
during meditation), as well as through statements
from the eCoach or companions within the modules.
These dialogues and statements are aimed to mimic the
‘inquiry’ of the classical MBRP program, which involves
guided discussion about the direct experiences of par-
ticipants during and following mindfulness practices
[31]. The mindfulness practices of CANreduce 3.0 are
guided by the female or male eCoach and are available
as audio files. The practices are introduced in writ-
ten form, whereby it is also described how they might
support participants in their attempts to reduce their
cannabis use. Some of the core mindfulness practices
— mindfulness breathing, body scanning, and SOBER
breathing space (see below) — are available in different
lengths, so participants can choose what is best suited
to them (e.g., choosing a shorter practice on days when
their personal schedule is particularly busy). Besides
the clinician’s guide to MBRP, other mindfulness-based
resources were considered, as well, when the contents
of the modules were developed [32, 56, 57]. Table 2
provides an overview of the contents of the modules
that are now described in more detail.

Module 1: introduction In the first part of this module
(mostly based on MI techniques [14]), participants are
asked to consider all the pros and cons of using canna-
bis. A change in behavior is facilitated when the cons
of using cannabis are perceived to outweigh the pros.
However, even if the pros seem to outnumber the cons,
participants may still be motivated to reduce their con-
sumption; e.g., by affording some cons greater weight
than others and by replacing ostensible pros with alterna-
tive behaviors. Participants are also asked to define their
consumption goal and to indicate how confident they are
that they can change their consumption. Advice on how
to increase this confidence is given as well.

Mindfulness is introduced in the second part of the mod-
ule (both in written form and in the form of an animated
video), as is how it might help participants to reduce their
cannabis use [27, 31, 56, 57]. Two formal mindfulness
practices are introduced, and the importance of practicing
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Table 2 Overview of contents and therapeutic approaches in the modules of study arm 1 (mindfulness-CBT-based web self-help

Module

Content and therapeutic approaches /
resources

Mindfulness practices (adopted or adapted
from the indicated source)

Module 1: introduction

Module 2: trigger

Module 3: craving

Module 4: (re)lapse

Module 5: time for yourself

Module 6: addressing problems

Module 7: lifestyle-balance, self-care and saying
no’ (refusal skills)

Module 8: preserving achievements

-Pros and cons of using cannabis, consumption
goal, confidence of change (Ml techniques [14])
-Introduction into mindfulness [27, 31, 56, 571

-Reflecting on practicing mindfulness (including
its challenges; (MBRP; [31])

-Identifying personal triggers and recognizing
seemingly irrelevant but triggering decisions
(CBT approach to relapse prevention; [25])
-Dealing with urges (MBRP; [31])

-Introduction to and detailed discussion of the
concept of craving (MBRP; [31], CBT [59])

-Ways of dealing with craving: ‘SOBER breathing
space’' (MBRP; [31])

-(Re)lapse cycle with a particular focus on
thoughts (MBRP; [31])

-Ways of breaking the relapse cycle (MBRP; [31])
-Dealing and coping with (re)lapses (including
being self-compassioned) (MBRP; [31])
-Mindfulness in everyday life

-Dealing with stress [32]

-Developing healthy sleep habits [61, 62]
-Decreasing excessive ruminations [61, 63-67]
-Strengthening social contacts [23]

-Relationships between consumption, problems,
and low moods (depressive symptoms) [24]
-Skills to deal with solvable and unsolvable
problems, including cognitive [61] and mindful-
ness approaches (MBRP; [31])

-Awareness of and nurturing lifestyle balance
and self-care (MBRP; [31])

-Strengthening refusal skills for use in high-risk
situations (based on CBT; [15])

-Review of program

-Writing down personal tips to help secure
achievements after the program is complete
(based on Ml techniques; [14]

-Emphasizing the importance of the continua-
tion of practicing mindfulness (MBRP; [31])
-Overview of introduced mindfulness practices
within the program

-Further resources on mindfulness (books,
videos, courses, etc.)

-Mindfulness breathing [58]
-Body scan [58]

-Urge surfing [31]
-Mountain meditation [31]

- SOBER breathing space [31]

-Self-compassion [56]

-SOBER breathing space (with a focus on
thoughts; [31])

-Walking meditation [60]

-Recognizing thoughts as thoughts [56]
-Lovingkindness meditation [56]

In order to accept negative feelings that might
arise from unsolvable problems, two practices
are suggested - urge surfing and lovingkind-
ness meditation (Links to these meditations are
provided)

-SOBER breathing space (with a focus on
thoughts; [31])
-Lovingkindness meditation [56]

Link to an overview that includes all practices that
were introduced within CANreduce 3.0

mindfulness regularly is emphasized. Lastly, participants
are encouraged to continue attending the program even if
they feel that mindfulness is not for them.

Module 2: triggers At the beginning of this module,
participants are asked to reflect on their experiences
with the mindfulness practices that were introduced in
the first module. This reflection is intended to be stimu-
lated through displayed dialogue between several com-
panions and the eCoach (including a discussion of com-
mon challenges of practicing mindfulness, like intrusive
thoughts [31]). Subsequently, its intention is to increase

participants’ awareness of their personal triggers to use
cannabis [25]. The mindfulness practice ‘urge surfing’
[31] is introduced next, as it might help participants to
resist urges to use cannabis, even when confronted with
a personally-relevant trigger. Subsequently, seemingly-
irrelevant decisions and chains of events that can poten-
tially lead to the use of cannabis are discussed [25]. Par-
ticipants are given the opportunity to practice ‘mountain
meditation’ [31] at the end of this module to strengthen
their own foundation and gain new stability, which might
be particularly important after they have focused on per-
sonal triggers.



Dey et al. BMC Psychiatry (2022) 22:215

Module 3: craving The concept of craving and how it
is connected to triggers (see previous module) and con-
ditioned stimuli is introduced [31, 59]. Participants are
asked to think about the ways in which they experience
craving (i.e., the sensations, emotions, and thoughts that
go along with it). It is also explained how craving might
change in the short- and long-term, when a person
decides to give in to the urge to use cannabis versus resist
it. Lastly, participants are introduced to the ‘SOBER
breathing space’ [31] that builds on the mindfulness
practices of ‘mindfulness breathing’ and ‘body scanning’
introduced in earlier modules. The acronym SOBER rep-
resents the following five steps a person can go through
to cope with challenges, stressful situations, and triggers
that might evoke craving: 1) ‘Stop or slow down’ to avoid
their usual automatic pilot response and bring awareness
to the current moment; 2) ‘Observe’ what is happening
(bodily sensations, emotions, thoughts); 3)Breathe’; 4)
‘Expand’ awareness to one’s whole body and the current
situation; and 5) ‘Respond’ with awareness.

Module 4: (Re)lapse The beginning of this module
emphasizes how an initial lapse need not be a cata-
strophic event that inevitably leads to a full-blown
relapse. Rather, participants are encouraged to learn from
such lapses (e.g., since they might provide clues on issues
that still require clarification) and, thereby, come to a
clearer understanding of the path they ultimately must
take to reduce their cannabis use as a long-term endeavor
and learn to be patient and self-forgiving during this pro-
cess. A core element of this module is its discussion of
the relapse cycle: the chain of events that might lead to a
(re)lapse (adapted from [31]). Hereby, the important role
that thoughts play at each point in the cycle is empha-
sized [31] and participants are encouraged to think of
personal examples. Furthermore, they are taught that
slowing down and observing one’s own thoughts, emo-
tional states, and physical reactions might create an
opportunity for them to step out of the relapse cycle and
their prior automatic pilot mode and arrive at a more
considered response [31]. In this respect, participants
are invited to use the SOBER breathing space (this time
around with a particular focus on thoughts) [31].

The module also shows participants ways for them to
cope with (re)lapses. Among other things, it emphasizes
the importance of being self-forgiving in such situations
and introduces corresponding mindfulness practices
[56]. At the end of the module, the discussion’s scope is
broadened again by explaining how mindfulness can be
integrated into one’s everyday life and by introducing the
concept of ‘walking meditation’ [60].
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Module 5: time for yourself In this module, partici-
pants are encouraged to take the time they need to work
on their needs so they can improve their general well-
being and, thereby, construct a solid foundation upon
which they may reduce their cannabis consumption.
How these needs might be impacted by the use of can-
nabis and how mindfulness (including specific mindful-
ness practices) might be helpful when working on these
needs are illustrated. More specifically, participants
learn how to (1) improve the way they deal with stress
(e.g., by first stopping and becoming aware of what hap-
pens in stressful situations, so they can learn to respond
in a more considered and less automatic manner) [32],
(2) develop healthier sleep habits (e.g., by unwinding
before getting into bed) [61, 62], (3) reduce ruminations
([61, 63-67], including the mindfulness practices ‘rec-
ognizing thoughts as thoughts’ [56] and ‘loving-kind-
ness meditation’ [56]), and (4) strengthen their social
contacts ([23]; e.g., by becoming aware of possible nega-
tive beliefs that might inhibit them from getting closer
to people (the loving-kindness meditation [56] is sug-
gested again for this purpose).

Module 6: addressing problems The sixth module
begins with a description of how low moods, problems,
and the use of cannabis are connected and how this
might ultimately create a vicious cycle [24]. Subsequently,
participants learn how they can deal with both solvable
and unsolvable problems. The following six-step plan is
introduced to approach solvable problems: (1) define the
problem; (2) define the goal that is aimed to be achieved;
(3) search for possible solutions; (4) specify (small) steps
to solve the problem; (5) try out possible solutions, and
(6) take stock. Different techniques that might be use-
ful for coping with unsolvable problems also are intro-
duced (e.g., confiding in someone else or seeking contact
with people with similar problems). It is also detailed
how mindfulness might be of help for both solvable and
unsolvable problems. Among other things, this mod-
ule emphasizes that accepting ones’ feelings (including
negative ones) is important. Participants also are encour-
aged to think about and work on their own solvable and
unsolvable problems in the module.

Module 7: lifestyle-balance, self-care, and saying ‘no’
(refusal skills) This module details how participants
can nurture their lifestyle-balance and self-care to better
achieve and maintain their consumption goal. Regard-
ing their lifestyle-balance, participants are first asked
to classify their daily activities into depleting (e.g., dis-
couraging, exhausting, frustrating) and nourishing ones
(e.g., energizing, pleasurable, satisfying; adapted from:
[31]). Participants are then encouraged to plan some
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nourishing activities for the upcoming week and — if pos-
sible — to actively work on depleting activities (employing
what they have learned in Module 6). However, it also is
emphasized that this practice is not intended to eradicate
all depleting activities in their life; but rather for the indi-
vidual to become more aware about how their days are
spent and how they might relate to certain experiences
differently. Regarding self-care, participants are encour-
aged to develop a friendly, accepting, and benevolent
attitude towards themselves and to practice the loving-
kindness meditation [56]. The module also strengthens
participants’ refusal skills and, by doing so, helps them
to communicate clearer, more self-confidently, and less
ambiguously that they no longer want to use cannabis
(or not use it as often and/or as much) [15]. In this way,
their risk of relapse when confronted with high-risk situ-
ations is reduced. The SOBER breathing space [31] is rec-
ommended again as a useful practice when they are con-
fronted with high-risk situations.

Module 8: preserving achievements In this final mod-
ule, participants are asked to look back on the program,
to visualize difficult and helpful moments, and to write
down personal tips for maintaining their consumption
goal. This is to prepare them for life after the program.
At the end of the module, the eCoach also will point out
how mindfulness was a core element of all the modules
and will encourage them to continue practicing it regu-
larly. Besides providing an overview of all mindfulness
practices that were introduced in the previous modules,
a list with further resources on mindfulness is provided
(e.g., books, videos, courses).

Study arm 2: CBT-based self-help IMI

The main changes to study arm 2 in CANreduce 3.0,
relative to CANreduce 2.0, can be summarized as fol-
lows. First, a tutorial has been introduced that familiar-
izes participants with the features of the program (see
above) to increase the program’s usability. These contents
have already been described in Module 1. Secondly, the
order of the modules has been changed, and the first four
modules must be worked through one after the other
before any of the remaining four modules can be started.
In contrast, users of CANreduce 2.0 were permitted to
work on the modules in whatever order they chose. These
changes, as well as some slight changes in the wording
of the modules’ titles, have been implemented so study
arms 1 and 2 in the current CANreduce 3.0 study are
similar (note that the sequential order of the first four
modules in the mindfulness-based study arm is neces-
sary, as the concepts introduced in modules 1-4 build
upon each other). Thirdly, some minor language and
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content improvements have been implemented in each
module (e.g., we changed the personal pronoun from the
formal "you" (German "Sie") to the informal "you" (Ger-
man "Du")). Fourthly, mindfulness-related content that
existed in CANreduce 2.0 has been deleted to avoid any
confounding effects between the two active study arms of
the current study. Lastly, the eCoach was adapted. Even
though the previous study on the effectiveness of CAN-
reduce 2.0 revealed that the study arm having an anony-
mous support team (and not the personal eCoach who
introduced the modules via a video) was the most effec-
tive, we still used an eCoach rather than an eTeam in this
study arm of CANreduce 3.0. However, since it is possi-
ble that the eCoach in CANreduce 2.0 did not match all
the participants’ expectations (e.g., in terms of gender
or age), the eCoach for CANreduce 3.0 is now displayed
schematically (as an avatar picture) and participants can
choose between either a male or female version. Further-
more, and analogous to study arm 2, the eCoach now
introduces each module in written form and summarizes
the main lessons learned at the end of each module.

Technical specifications of CANreduce 3.0

CANreduce is a website accessed by an internet
browser from a computer, tablet, or smartphone. The
design automatically adapts to each device’s screen size
(responsive design). While CANreduce 2.0 was based
on Drupal 7, CANreduce 3.0 is based on Drupal 9.
Drupal is an open source content management system
that runs on PHP and MySQL/MariaDB. The website,
including all data, runs on a litespeed webserver hosted
by a professional company, and is located in a high-
security data center in Switzerland. Physical access to
this data center is only granted after biometric identifi-
cation. All access via a browser is enforced through SSL
encryptions. Participants have access to their account
via their own username and password. The developers
at the Principal Investigator’s (PI) institution have full
access to all data from the participants (except their
passwords) via personal administrator accounts. Data
will be extracted at several time points (including a
review of data quality) and stored at the PI’s institution
on local computers and local fileservers for analysis and
archiving.

Participants can create an account by providing a user-
name and e-mail-address. After clicking an e-mail veri-
fication link to ensure that the e-mail address they have
entered is correct, they can create their password and
start the baseline assessment procedure. All measure-
ments in this study are entered via the website. Auto-
matic input validation ensures a certain level of data
quality. Sensitive data, like email addresses and phone
numbers, will be deleted upon study completion.
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Safety

Potential risks to participants are assumed to be mini-
mal. First, no drugs will be administered during the
trial. Secondly, some people who might be at higher risk
for adverse consequences are ineligible for the study
(e.g., people with significant current suicidal thoughts).
Thirdly, an instant help page will be available at all times
that includes instructions on what participants might
do if their life situation becomes unbearable (includ-
ing emergency contacts). This instant help is mentioned
explicitly at points in the program that might be par-
ticularly challenging for participants. It is expected, for
example, that participants will experience some mild
withdrawal symptoms — such as craving, mild depressive
states, and sleep problems. These symptoms are miti-
gated by being explicitly addressed within the modules.

Measures

Table 3 provides an overview of all measurements and
when in the study they are used. All measurements are
self-reported, assessed online, and detailed subsequently:

1) Sociodemographic data include age, gender, sexual
orientation, educational attainment, financial situa-
tion, and migration background.

2) Problematic cannabis use is assessed with the revised
version of the Cannabis Use Disorders Identification
Test (CUDIT-R [68];). Each of the eight items con-
tains a statement about cannabis use that must be
answered on a 5-point Likert scale that ranges from
"never" (0) to "daily or almost daily" (4). The total
score ranges from 0 to 32 with scores of 8 or more
indicating hazardous cannabis use and scores of 12
and more indicating a possible CUD.

3) Various further aspects of cannabis use are assessed.
Regarding consumption patterns: (3a) the i) number
of years using cannabis, ii) means of consumption
(oral, smoking or vaporizing), and iii) number of days
using CBD over the last 30 days are measured. Partic-
ipants then define their personal standard joint (3b)
by selecting between i) indoor, outdoor, and resin,
ii) mixed with or without tobacco, and iii) six differ-
ent quantities of the substance, varying between 67
and 500 mg. Each of the resulting 36 combinations is
illustrated with a photo of an unrolled joint paper on
which the specific amount of cannabis (and tobacco)
that has been selected by the participant is displayed.
A ruler beside the unrolled joint serves as a reference.
This standard joint is used as a quantitative unit to
assess 3c) the frequency and quantity of cannabis use
in the last seven days, in accordance with the Time-
Line-Follow-Back (TLFB) method [69, 70].
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4) The Severity of Dependence Scale (SDS) is a five-item
scale that can be used to screen for dependence. Each
item must be answered on a 5-point Likert scale
that ranges from 0 to 4. Total scores range from 0
to 20, with a score of 4 or more indicating cannabis
dependence [71].

5) The short version of the Alcohol Use Disorders Identi-
fication Test (AUDIT-C [72];) is a screening tool with
three items that assess problematic and risky alco-
hol consumption. All items must be answered on a
5-point-Likert scale, that ranges from 0 to 4. The total
score ranges from O to 12, with scores of 3 (women)
and 4 (men) indicating problematic use and scores of
4 (women) and 5 (men) or more indicating risky use.

6) The NIDA ASSIST is an Alcohol, Smoking and Sub-
stance Involvement Screening Test (ASSIST) from
the National Institute on Drug Abuse (NIDA). We
only use the pre-screener [73] without the items on
alcohol and tobacco. For each drug, consumption
is rated, ranging from "never" (0) to "daily or almost
daily" (4).

7) Drug Abuse Screening Test (DAST-10) is an instru-
ment with ten yes—no questions about drug abuse
[74]. Each answer is allocated either 0 or 1 point,
leading to a total score between 0 and 10. Scores are
interpreted as follows: 0 for no problem, 1-2 for a
low level, 3-5 for a moderate level, 6-8 for a substan-
tial level, and 9-10 for a severe level of abuse.

8) The Perceived Stress Scale (PSS-10) is an instrument
with 10 statements about experiences of unpredict-
able, uncontrollable, and overwhelming life events.
Answers range from "never" (0) to "very often" (4),
leading to a total score between 0 to 40 with higher
numbers indicating more stress, but without distinct
any cut-offs for diagnostic purposes [75, 76].

9) The Patient Health Questionnaire for Depression
(PHQ-9) consists of nine items that assess degree
of depression. Answers range from "not at all" (0) to
"almost daily" (3), resulting in a total score between
0 and 27 [77]. A score of 10 or higher is considered
indicative of a major depressive disorder [78].

10)  The Generalized Anxiety Disorder Screener
(GAD-7) is a screener with seven items on anxiety
symptoms, with answers ranging from "not at all" (0)
to "almost daily" (3) and total scores between 0 and
21; any score of 10 or higher is considered indicative
of a generalized anxiety disorder [79].

11)  The Adult ADHD Self-Report Scale (ASRS-V1.1)
is a six-item questionnaire on attention deficit and
hyperactivity, with answers ranging from "never (0)
to "very often" (4), leading to a total score between
0 and 24 [80]. Total scores range from O to 24 with
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Table 3 Overview of all measures and their measurement time points

Assessment Base-line (t,) 6 weeks (t,) 3 months follow-up 6 months follow-up (t;)
instruments (t,)
1 Socio-demographics X

(age, gender, sexual
orientation, educational
attainment, migration
background, financial

situation)

2 Cannabis Use Disorders X X X X
|dentification Test (CUDIT-R)

3 Cannabis use

3a Consumption Patterns X X X X

(Years of Use, 30-day
point prevalence of
cannabis and CBD
abstinence, Type of
Consumption)

3b Defining the personal X
standard joint
3c TLFB (Cannabis use X X X X

frequency and amount
for the last 7 days in
standard joint units)

4 Severity of Dependence X X X X
Scale (SDS)
5 Short version of the X X X

Alcohol Use Disorders
Identification Test
(AUDIT-C)

6 National Institute on X X X
Drug Abuse Screening
(NIDA ASSIST)

7 Drug Abuse Screening X
Test (DAST-10)

8 Perceived Stress Scale X X X X
(PSS-10)

9 Patient Health Question- X X X
naire for Depression (PHQ-9)

10 Generalized Anxiety Dis- X X X
order Screener (GAD-7)

11 Adult ADHD Self-Report
Scale (ASRS-V1.1)

12 Mindfulness Attention X X X X
Awareness Scale (MAAS)

13 Comprehensive Inven- X
tory of Mindfulness
Experiences (CHIME)

14 Previous experience in X
meditation (no official
instrument)

15 Client Satisfaction Ques- 'S
tionnaire for Internet
Interventions (CSQ-I)

>

16 Negative effects, accord- X
ing to Rozental et al. (2015)

17 Use of any services X X
besides CANreduce

18 Adherence and X
Retention®

2 Only for study arms 1 and 2

b Adherence and retention are constructs measured indirectly and not part of a questionnaire
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values of 14 and above indicating a positive screening
result for ADHD [81].

12)  The Mindfulness Attention Awareness Scale
(MAAS) is a questionnaire with 15 statements about
everyday experiences in mindfulness, with answers
ranging from "almost always" (1) to "almost never"
(6), and higher mean scores indicating greater mind-
fulness 82, 83].

13)  The Comprehensive Inventory of Mindfulness
Experiences (CHIME) is a 37-item questionnaire with
answers ranging from "almost never" (1) to "almost
always" (6), with higher mean scores representing
more mindfulness. This relatively large instrument
has eight subscales (inner awareness, outer aware-
ness, acting with awareness, acceptance, decentering/
non-reactivity, openness, relativity, and insight) and
covers all aspects of mindfulness employed in cur-
rent mindfulness scales [84].

14)  Previous experience with meditation is assessed
with two questions about frequency (never, once,
sometimes, regular) and guidance (innately learned,
self-taught from books, learned in a course, guided
by an app).

15)  The Client Satisfaction Questionnaire for Inter-
net Interventions (CSQ-I) is specifically designed to
assess client’s satisfaction with internet health inter-
ventions. It consists of eight items with answers rang-
ing from "disagree” (1) to "agree” (4), leading to scores
between 8 and 32; higher scores indicate higher levels
of satisfaction [85].

16)  Negative effects of internet interventions are
assessed according to Rozental [86]. Participants
are asked if they have experienced any negative side
effect that they attribute to the program. If so, they
are asked to describe it and rate the severity of any
resulting impairment.

17)  Use of any services besides CANreduce, like
online counseling, drug counseling, general practi-
tioner, psychologist, or psychiatrist. Participants are
asked to respond ‘yes’ or ‘no’ to all of these services
and to list any other unlisted services used.

18)  Adherence and Retention: Adherence is opera-
tionalized as average completion rate spanning the
eight modules, with module completion rate defined
as the highest page number visited divided by the
highest page number available in a given module.
Retention is operationalized as the average comple-
tion rate of the weekly consumption diary over the
six-week program.

The primary study outcome is the number of days of
cannabis use over the preceding 30 days.
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Secondary outcomes are quantity and frequency of
cannabis use over the last seven days’; scores for the
SDS, AUDIT-C, NIDA-ASSIST, PSS-10, PHQ-9, GAD-7,
MAAS, and CSQ-I., and any negative effects attributed to
the program.

Hypotheses

The following detailed study hypotheses for the main
outcome (i.e., reduction in the monthly days of cannabis
use between baseline and the 3- and 6-month follow-up
assessments) will be tested:

1. A mindfulness-based self-help IMI for the reduction
of cannabis use (study arm 1) is more effective than
being on a waiting list (control condition, study arm
3).

2. A CBT-based self-help IMI for the reduction of can-
nabis use (study arm 2) is more effective than being
on a waiting list (control condition, study arm 3).

3. A mindfulness-based self-help IMI for the reduction
of cannabis use (study arm 1) is at least as effective as
a CBT-based self-help IMI (study arm 2).

Data analyses

Data will be analyzed according to the ITT principle.
Multiple imputation procedures, using the R package
mice [87], will be used to address missing data. mice
involves specifying a multivariate distribution for the
missing data and drawing imputations from their con-
ditional distributions by Markov chain Monte Carlo
(MCMC) techniques. We intend to use 20 imputed data
sets, as this has been deemed sufficient [87]. The impu-
tation model will include all primary and secondary
outcomes (see above). Adjunct variables, like sociode-
mographic data, will be included if they improve conver-
gence within the imputation model.

Differences in primary and secondary continuous out-
come variables between the two active study arms (1
and 2) at baseline and at both follow-up points will be
tested using linear mixed models (LMM). The LMMs
will be specified to model clusters and repeated meas-
ures by defining random effects for study condition and
time (repeated measures). Appropriate distributions for
non-normal continuous outcomes will be specified (e.g.,
negative binomial, zero-inflated). In addition to the ITT
analyses, per-protocol analyses will be performed.

To investigate the exploratory research question of
whether study arm 1 (mindfulness-based self-help IMI)
results in a similar reduction in days of cannabis use as
study arm 2 (CBT-based self-help IMI), a confidence
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interval approach will be used for the ES of the differ-
ence between these two study arms, using a two-sided
0.05 level of significance [54]. The equivalence margin is a
priori set at d=0.20, corresponding to the smallest value
that would constitute a relevant effect [88]. The upper
bound of the 95% CI for the ES will be compared against
the predefined equivalence margin of d=0.20 and must
be below the margin to show equivalence.

Additional exploratory regression analyses will be
conducted to determine whether baseline variables pre-
dict the frequency or quantity of cannabis use, sever-
ity of dependence (SDS), reduced psychiatric symptoms
(PHQ-9, GAD-7), perceived stress (PSS-10) and mindful-
ness (MAAS) at 3 and/or 6 months follow-up, treatment
retention, and adherence. For these analyses, we will use
linear, multinomial, or binary regression models, depend-
ing on the scale used for the outcome measure. Treat-
ment retention and client satisfaction will be compared
between study arms one and two by Pearson chi-square
analysis at week 6 (intervention end).

Power analysis

Following best-practice procedures for LMM, power
analysis was based on a Monte Carlo simulation. Based
on pre-specified LMM model parameters, new values
for the primary outcome were simulated and tested by
z-tests for the comparison between study arms 1 and 3
(main hypothesis). This procedure was iterated 1000
times using simulated replicates. Power resulted from the
number of significant effects identified across simulations
(see [89]). The model parameters were derived from the
CANreduce 2.0-RCT [19], due to its similar study design
and measurements. We estimated a two-level Poisson
generalized linear mixed model (GLMM) with random
slopes and fixed effects for "measurement time", "study
condition", and "condition*time". The CANreduce 2.0
model estimate yielded an effect of b=-0.069 (p=0.07)
for the interaction. This value was reduced to -0.06 for
the power analyses to account for the smaller ES that
have been established in meta-analyses [10]. The simula-
tion indicated a power >80% for n=210 per study arm.
Hence, a total sample of 630 frequent cannabis users will
be targeted.

Discussion

To the best of our knowledge, this is the first RCT to test
whether a self-help IMI that incorporates mindfulness
is effective at reducing problematic cannabis consump-
tion in adults (broad age range) with frequent canna-
bis use. Important limitations of previous research are
taken into account; for instance, by aiming for a large
enough sample size that allows us to detect even small
ES. Furthermore, study arm 1 of CANreduce 3.0, which
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combines CBT and mindfulness, seeks to leverage the
established effectiveness of IMI [10—13] (including pre-
vious versions of CANreduce [17, 20]) as well as mind-
fulness-based programs [33, 38—45] for the treatment
of SUD (or frequent cannabis use, more specifically). It
is possible that adding mindfulness to CANreduce 3.0
is particularly relevant for some subgroups of the pop-
ulation with certain clinical (e.g., co-occurring SUD
and depression; [46, 47]) or sociodemographic char-
acteristics (e.g. [48]). Furthermore, the RCT outlined
here will provide significant insights into the questions
of whether MBI can effectively be delivered via tech-
nology-based platforms and, by doing so, overcome
some of the implementation challenges of traditional
MBI [30]. More generally speaking, CANreduce 3.0 —
if proven effective reducing cannabis use and related
problems (e.g., symptoms of mental disorders) — could
be of particular significance, as it could help to reach
frequent cannabis users in the general population who
are reluctant to seek traditional forms of help [8, 9] or
lack access to similar programs (e.g., mindfulness pro-
grams offered in situ).

Despite the potential advantages of CANreduce 3.0,
the following limitations must be taken into account.
First, and based upon previous research (e.g. [17]), rela-
tively large drop-out rates are expected. Furthermore, it
is possible that adherence to IMI is generally limited, due
to the distant nature of such interventions [90]. However,
according to the supportive-accountability model, [18] it
is assumed that these issues have been somewhat amelio-
rated in CANreduce 3.0, via the addition of both a female
and male eCoach. Secondly, it must be acknowledged
that many contents in the modules offered in study arms
1 and 2 are provided in written form. Hence, a certain
level of literacy is required. Thirdly, all measurements will
be self-reported; and, though most of the measurements
used have been validated in other clinical and research
settings, they have not yet been validated as online
assessments. On the other hand, participants in studies
assessing previous versions of CANreduce also filled out
questionnaires online, which did not seem to cause any
(validity) issues.

In conclusion, we believe that version 3.0 of CANre-
duce will further our understanding of the effectiveness
of IMI and MBI (and their combination) for the treat-
ment of frequent cannabis users and will — if found effec-
tive — help to reach and support frequent cannabis users
who might otherwise forgo care.

Abbreviations

CBT: Cognitive-behavioral therapy; CUD: Cannabis use disorder; CUDIT-R:
Cannabis Use Disorders Identification Test-Revised; ES: Effect size; GLMM:
Generalized linear mixed model; IMI: Internet- and mobile-based intervention;



Dey et al. BMC Psychiatry (2022) 22:215

[TT: Intention-to-treat principle; LMM: Linear mixed models; MBI: Mindfulness-
based intervention; MBRP: Mindfulness-based Relapse Prevention; MBSR:
Mindfulness-Based Stress Reduction; MCMC: Markov chain Monte Carlo; MI:
Motivational interviewing; MORE: Mindfulness-Oriented Recovery Enhance-
ment; MTS: Mindfulness Training for Smokers; RCT: Randomized controlled
trail; SDS: Severity of Dependence Scale; SUD: Substance use disorder; TAU:
Treatment as usual; TLFB: Time-Line-Follow-Back; THC: Tetrahydrocannabinol.

Acknowledgements
N/A

Authors’ contributions

MPS, AW, SH, DM and CB were already involved in the development and
implementation of CANreduce 2.0 [19]. A slightly-adapted version will be
used in study arm 2 in the current study. MPS also had the initial idea for

the present RCT and has acquired funding for it from the SNSF. AW, CB, MD,
MPS and UH developed the intervention used in study arm 1 (UH - a trained
MBSR-teacher — is also the female eCoach). AW and CB programmed and
implemented the study website for CANreduce 3.0. MD wrote the Abstract,
Background, parts of the Methods and Discussion. MPS was responsible for
generating the hypotheses and for the description of statistical analyses as
well as for the references for CBT-based content. AW wrote the paragraphs
about the measurements and technical specifications. MA was responsible for
running the power analysis and for writing the corresponding paragraph. All
authors read and approved the final manuscript.

Authors’ information

MD, PhD, works at the Swiss Research Institute for Public Health and Addic-
tion at the University of Zurich as a scientific project manager. Her research
focuses on social epidemiology and mental health problems (including
substance use disorders). AW, M.Sc, works at the Swiss Research Institute

for Public Health and Addiction at the University of Zurich as a scientific
researcher and IT specialist. His research focuses on internet based programs
about addiction and mental health. CB, PhD, works at the Psychiatric Uni-
versity Hospital Zurich as a clinical psychologist. His research focuses on the
development of digital mental health interventions. UH, PhD, is a teacher
for Mindfulness-Based Stress Reduction (MBSR) and a psychotherapist. She
is a clinical psychologist at the Pain Center/Anesthesia Department at the
Cantonal Hospital Winterthur (Switzerland) and has her own psychotherapy
practice. Previously, she worked as an addiction counsellor. MA, PhD, worked
as scientific staff at the Swiss Research Institute for Public Health and Addic-
tion at the University of Zurich. Her research focused on the prevention of
stress-related disorders and mental health problems. SH, PhD, is head of
research at the Swiss Research Institute for Public Health and Addiction. His
research focuses on digital interventions for the treatment and prevention
of addictive behaviors. DM, PHD, is a trained clinical and health psychologist
with a strong scientific background in the area of substance use disorders
and behavioral addictions. She works as E-Mental Health Project Manager
and Deputy Head of the Institute for Addiction Prevention in Vienna, Austria.
MPS, PhD, is associate professor at the University of Zurich, psychotherapist
and scientific director of the Swiss Research Institute of Public Health and
Addiction ISGF, a WHO Collaborating Centre, associated with the University of
Zurich. One of his main focus is on Internet and mobile device interventions
for the reduction of substance use and substance use disorders as well as for
the prevention and treatment of behavioral addictions.

Funding

The study is supported by the Swiss National Science Foundation (SNSF; grant
number: 10001C_192301). The SNSF was in no way involved in study design,
in data collection, analysis, or interpretation, or in manuscript preparation.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of the Faculty
of Arts and Social Science at the University of Zurich, Switzerland (approval

Page 16 of 18

number: 20.4.17). All participants must give their informed consent in written
before starting the program.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

'Swiss Research Institute for Public Health and Addiction at the University

of Zurich, Konradstrasse 32, 8005 Zurich, Switzerland. 2Cantonal Hospital Win-
terthur, Institute for Anesthesiology, Pain Center, Brauerstrasse 15,8401 Win-
terthur, Switzerland. 2Office of Addiction and Drug Policy of Vienna, Institute
for Addiction Prevention, Modecenterstrasse 14, 1030 Vienna, Austria.

Received: 24 January 2022 Accepted: 19 February 2022
Published online: 24 March 2022

References

1. Federal Office of Public Health. Cannabis. 2021. Available from: https://
www.bag.admin.ch/bag/en/home/gesund-leben/sucht-und-gesun
dheit/cannabis.html.

2. European Monitoring Centre for Drugs and Drug Addiction. European
Drug Report 2121. Luxembourg: Trends and developments; 2021.

3. United Nations. World drug report 2021. Available from: https://www.
unodc.org/unodc/en/data-and-analysis/wdr2021.html

4. Gmel G, Kuendig H, Notari L, Gmel C. Suchtmonitoring Schweiz. Konsum
von Alkohol, Tabak und illegalen Drogen in der Schweiz im Jahr 2016.
Sucht Schweiz, editor. Lausanne; 2017.

5. LeungJ, Chan GCK, Hides L, Hall WD. What is the prevalence and risk of
cannabis use disorders among people who use cannabis? a systematic
review and meta-analysis. Addict Behav. 2020;109:106479. Available from:
https://doi.org/10.1016/j.addbeh.2020.106479.

6. HallW, Degenhardt L. Prevalence and correlates of cannabis use in devel-
oped and developing countries. Curr Opin Psychiatry. 2007;20(4):393-7.

7. HallW.What has research over the past two decades revealed about
the adverse health effects of recreational cannabis use? Addiction.
2015;110:19-35.

8. van der Pol P, Liebregts N, de Graaf R, Korf DJ, van den Brink W, van Laar
M. Facilitators and barriers in treatment seeking for cannabis depend-
ence. Drug Alcohol Depend. 2013;133(2):776-80. Available from: http://
linkinghub.elsevier.com/retrieve/pii/S037687161300327X.

9. Kerridge BT, Mauro PM, Chou SP, Saha TD, Pickering RP, Fan AZ, Hasin DS.
Predictors of treatment utilization and barriers to treatment utilization
among individuals with lifetime cannabis use disorder in the United
States. Drug Alcohol Depend. 2017;181:223-8. Available from: https://doi.
org/10.1016/j.drugalcdep.2017.09.032.

10. Boumparis N, Loheide-Niesmann L, Blankers M, Ebert DD, Korf D, Schaub
MP, Riper H. Short- and long-term effects of digital prevention and treat-
ment interventions for cannabis use reduction: a systematic review and
meta-analysis. Drug Alcohol Depend. 2019,200:82-94. Available from:
https://doi.org/10.1016/j.drugalcdep.2019.03.016.

11. Tait RJ, Spijkerman R, Riper H. Internet and computer based inter-
ventions for cannabis use: a meta-analysis. Drug Alcohol Depend.
2013;133(2):295-304. Available from: https://doi.org/10.1016/j.druga
lcdep.2013.05.012.

12. Hoch E, Preuss UW, Ferri M, Simon R. Digital interventions for problematic
cannabis users in non-clinical settings: findings from a systematic review
and meta-analysis. Eur Addict Res. 2016;22(5):233-42.

13. Olmos A, Tirado-Mufoz J, Farré M, Torrens M. The efficacy of computer-
ized interventions to reduce cannabis use: a systematic review and meta-
analysis. Addict Behav. 2017;2018(79):52-60.

14. Miller W, Rollnick S. Motivational interviewing: preparing people to
change addictive behavior. New York: Guilford Press; 1991.

15. Steinberg KL, Roffman R, Carroll K, McRee B, Babor T, Miller M., Al. E.
Brief counseling for marijuana dependence: a manual for treating adults.
Rockwille, MD; 2005. Available from: http://store.samhsa.gov/shin/conte
nt/%0A/SMA12-4211/SMA12-4211.pdf


https://www.bag.admin.ch/bag/en/home/gesund-leben/sucht-und-gesundheit/cannabis.html
https://www.bag.admin.ch/bag/en/home/gesund-leben/sucht-und-gesundheit/cannabis.html
https://www.bag.admin.ch/bag/en/home/gesund-leben/sucht-und-gesundheit/cannabis.html
https://www.unodc.org/unodc/en/data-and-analysis/wdr2021.html
https://www.unodc.org/unodc/en/data-and-analysis/wdr2021.html
https://doi.org/10.1016/j.addbeh.2020.106479
http://linkinghub.elsevier.com/retrieve/pii/S037687161300327X
http://linkinghub.elsevier.com/retrieve/pii/S037687161300327X
https://doi.org/10.1016/j.drugalcdep.2017.09.032
https://doi.org/10.1016/j.drugalcdep.2017.09.032
https://doi.org/10.1016/j.drugalcdep.2019.03.016
https://doi.org/10.1016/j.drugalcdep.2013.05.012
https://doi.org/10.1016/j.drugalcdep.2013.05.012
http://store.samhsa.gov/shin/content/%0A/SMA12-4211/SMA12-4211.pdf
http://store.samhsa.gov/shin/content/%0A/SMA12-4211/SMA12-4211.pdf

Dey et al. BMC Psychiatry

20.

21

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32.

33

34

35.

36.

37.

(2022) 22:215

Schaub MP, Haug S, Wenger A, Berg O, Sullivan R, Beck T, Stark L. Can
reduce - the effects of chat-counseling and web-based self-help, web-
based self-help alone and a waiting list control program on cannabis
use in problematic cannabis users: a randomized controlled trial. BMC
Psychiatry. 2013;13(1):305. Available from: http://www.biomedcentral.
com/1471-244X/13/305.

Schaub MP, Wenger A, Berg O, Beck T, Stark L, Buehler E, Haug S. A web-
based self-help intervention with and without chat counseling to reduce
cannabis use in problematic cannabis users: three-arm randomized
controlled trial. J Med Internet Res. 2015;17(10):e232.

Mohr DC, Cuijpers P, Lehman K. Supportive accountability: a model for
providing human support to enhance adherence to eHealth interven-
tions. J Med Internet Res. 2011;13(1):e30.

Amann M, Haug S, Wenger A, Baumgartner C, Ebert DD, Berger T, Schaub
MP. The effects of social presence on adherence-focused guidance in
problematic cannabis users: protocol for the CANreduce 2.0 randomized
controlled trial. JMIR Res Protoc. 2018;7(1):e30.

Baumgartner C, Schaub MP, Wenger A, Malischnig D, Augsburger M, Wal-
ter M, Haug S. CANreduce 2.0 adherence-focused guidance for internet
self-help among cannabis users: three-arm randomized controlled trial. J
Med Internet Res. 2021,23(4):e27463.

Annaheim B, Scotto TJ, Gmel G. Revising the Cannabis Use Disorders
Identification Test (CUDIT) by means of Item response theory. Int J Meth-
ods Psychiatr Res. 2008;19(3):142-55.

Gossop M, Darke S, Griffiths P, Hando J, Powis B, Hall W, Strang J. The
Severity of Dependence Scale (SDS): psychometric properties of the SDS
in English and Australian samples of heroin, cocaine and amphetamine
users. Addiction. 1995:90(5):607-14.

Kanter JW, Puspitasari AJ, Santos MM, Nagy GA. Behavioural activation:
history, evidence and promise. Br J Psychiatry. 2012;200(5):361-3.

Jaffee WB, D'Zurilla TJ. Personality, problem solving, and adolescent
substance use. Behav Ther. 2009;40(1):93-101. Available from: https://doi.
0rg/10.1016/j.beth.2008.03.001.

Marlatt G, Donovan D. Relapse prevention: maintenance strategies in the
treatment of addictive behaviors. 2nd ed. New York: Guilford Press; 2005.
Lees R, Hines LA, D'Souza DC, Stothart G, Forti DI, M., Hoch E., Freeman T.P.
Psychosocial and pharmacological treatments for cannabis use disorder
and mental health comorbidities: a narrative review. Psychol Med.
2021;51(3):353-64.

Kabat-Zinn J. Mindfulness-based interventions in context: Past, present,
and future. Clin Psyhol Sci Pr. 2003;10:144-56.

Langer EJ. Matters of mind: mindfulness/mindlessness in perspective.
Conscious Cogn. 1992;1(3):289-305.

Garland EL, Howard MO. Mindfulness based treatment of addiction : cur-
rent state of the field and envisioning the next wave of research. Addict
Sci Clin Pract. 2018;13(1):14. Available from: https://doi.org/10.1186/
$13722-018-0115-3.

Wilson AD, Roos CR, Robinson CS, Stein ER, Manuel JA, Enkema MC,
Witkiewitz K. Mindfulness-based interventions for addictive behav-

jors: implementation issues on the road ahead. Psychol Addict Behav.
2017;31(8):888-96.

Bowen S, Chawla N, Marlatt G. Mindfulness-based relapse prevention for
addictive behaviors: a clinician’s guide. New York: Guilford Press; 2010.
Kabat-Zinn J. Full catastrophe living: using wisdom of your body and
mind to face stress, pain, and illness. New York: Delacorte Press; 1990.
Sancho M, De Gracia M, Rodriguez RC, Mallorqui-Bagué N, Sanchez-Gon-
zales J, Trujois J, Menchon JM. Mindfulness-based interventions for the
treatment of substance and behavioral addictions: a systematic review.
Front Psychiatry. 2018;9:95.

Davis JM, Mills DM, Stankevitz KA, Manley AR, Majeskie MR, Smith SS.
Pilot randomized trial on mindfulness training for smokers in young adult
binge drinkers. BMC Complement Altern Med. 2013;13:215.

Davis JM, Manley AR, Goldberg SB, Smith SS, Jorenby DE. Randomized
trial comparing mindfulness training for smokers to a matched control. J
Subst Abuse Treat. 2014;47(3):213-21. Available from: https://doi.org/10.
1016/jjsat.2014.04.005.

Davis JM, Goldberg SB, Anderson MC, Manley AR, Smith SS, Baker TB.
Randomized trial on mindfulness training for smokers targeted to a
disadvantaged population. Subst Use Misuse. 2014;49(5):571-85.
Garland EL. Mindfulness-oriented recovery enhancement for addiction,
stress, and pain. Washington, DC: NASW Press; 2013.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 17 of 18

Li W, Howard MO, Garland EL, McGovern P, Lazar M. Mindfulness treat-
ment for substance misuse: a systematic review and meta-analysis. J
Subst Abuse Treat. 2017;75:62-96. Available from: https://doi.org/10.
1016/jjsat.2017.01.008.

Cavicchioli M, Movalli M, Maffei C. The clinical efficacy of mindfulness-
based treatments for alcohol and drugs use disorders: a meta-analytic
review of randomized and nonrandomized controlled trials. Eur Addict
Res. 2018;24:137-62.

Goldberg SB, Tucker RP, Greene PA, Davidson J, Wampold BE, Kearney
DJ, Tracy L. Mindfulness-based interventions for psychiatric disorders: A
systematic review and meta-analysis. Clin Psychol Rev. 2019;59:52-60.
Korecki JR, Schwebel FJ, Votaw VR, Witkiewitz K. Mindfulness-based
programs for substance use disorders: a systematic review of manualized
treatments. Subst Abus Treat Prev Policy. 2020;15(1):51.

Zgierska A, Rabago D, Ms NC, Kushner K, Mls RK, Marlatt A, Koehler R.
Mindfulness meditation for substance use disorders: a systematic review.
Subst Abus. 2009;30:266-94.

Chiesa A, Serretti A. Are mindfulness-based interventions effective for
substance use disorders? a systematic review of the evidence. Subst Use
Misuse. 2014;49(5):492-512.

Lee EB, An W, Levin ME, Twohig MP. An initial meta-analysis of acceptance
and commitment therapy for treating substance use disorders. Drug
Alcohol Depend. 2015;155:1-7. Available from: https://doi.org/10.1016/j.
drugalcdep.2015.08.004.

Grant S, Colaiaco B, Motala A, Shanman R, Booth M, Sorbero M, Hempel
S. Mindfulness-based relapse prevention for substance use disorders: a
systematic review and meta-analysis. J Addict Med. 2017;11(5):386-96.
Brewer JA, Bowen S, Smith JT, Marlatt GA, Potenza MN. Mindfulness-
based treatments for co-occurring depression and substance

use disorders: What can we learn from the brain? Addiction.
2010;105(10):1698-706.

Vujanovic AA, Meyer TD, Heads AM, Stotts AL, Villarreal YR, Schmitz

JM. Cognitive-behavioral therapies for depression and substance use
disorders: an overview of traditional, third-wave, and transdiagnostic
approaches. Am J Drug Alcohol Abuse. 2017;43(4):402-15. Available from:
https://doi.org/10.1080/00952990.2016.1199697.

Witkiewitz K, Greenfield BL, Bowen S. Mindfulness-based relapse
prevention with racial and ethnic minority women. Addict Behav.
2013;38(12):2821-4.

Dakwar E, Levin FR. Individual mindfulness-based psychotherapy for
cannabis or cocaine dependence: a pilot feasibility trial. Am J Addict.
2013;22:521-6.

De Dios MA, Herman DS, Britton WB, Hagerty CE, Anderson BJ, Stein MD.
Motivational and mindfulness intervention for young adult female mari-
juana users. J Subst Abuse Treat. 2012;42(1):56-64. Available from: https://
doi.org/10.1016/jjsat.2011.08.001.

Hides L, Baker A, Norberg M, Copeland J, Quinn C, Walter Z, Kavanagh

D. A web-based program for cannabis use and psychotic experiences in
young people (keep it real): protocol for a randomized controlled trial.
JMIR Res Protoc. 2020;9(7):1-13.

CHMP (Committee for Medicinal Products for Human Use). Guideline on
the choice of the non-inferiority margin. London: European Medicines
Agency; 2005.

Wagner B, Riggs P, Mikulich-Gilbertson S. The importance of distribution-
choice in modeling substance use data: a comparison of negative bino-
mial, beta binomial, and zero-inflated distributions. Am J Drug Alcohol
Abuse. 2015;41(6):489-97.

Piaggio G, Elbourne DR, Pocock SJ, Evans SJW, Altman DG. Reporting

of noninferiority and equivalence randomized trials. Extension of the
CONSORT 2010 Statement. JAMA. 2012;308(24):2594-604.

Onaemo VN, Fawehinmi TO, D'Arcy C. Comorbid cannabis use disorder
with major depression and generalized anxiety disorder: a systematic
review with meta-analysis of nationally representative epidemiological
surveys. J Affect Disord. 2020;2021(281):467-75.

Mundle G. Achtsamkeit in der Suchttherapie. Bilke-Hentsch O, Gouzoulis-
Mayfrank E, Klein M, editors. Kohlhammer; 2018.

Glasner-Edwards S. The addiction recovery skills workbook. Changing
addictive behaviors using CBT, mindfulness, and motivational interview-
ing techniques. 2015.

Kabat-Zinn J. Gesund durch Meditation. Das grosse Buch der Selbsthei-
lung mit MBSR. 3rd ed. Munich: Knaur MensSana Taschenbuch; 2019.


http://www.biomedcentral.com/1471-244X/13/305
http://www.biomedcentral.com/1471-244X/13/305
https://doi.org/10.1016/j.beth.2008.03.001
https://doi.org/10.1016/j.beth.2008.03.001
https://doi.org/10.1186/s13722-018-0115-3
https://doi.org/10.1186/s13722-018-0115-3
https://doi.org/10.1016/j.jsat.2014.04.005
https://doi.org/10.1016/j.jsat.2014.04.005
https://doi.org/10.1016/j.jsat.2017.01.008
https://doi.org/10.1016/j.jsat.2017.01.008
https://doi.org/10.1016/j.drugalcdep.2015.08.004
https://doi.org/10.1016/j.drugalcdep.2015.08.004
https://doi.org/10.1080/00952990.2016.1199697
https://doi.org/10.1016/j.jsat.2011.08.001
https://doi.org/10.1016/j.jsat.2011.08.001

Dey et al. BMC Psychiatry (2022) 22:215

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Carroll KM, Onken LS. Behavioral therapies for drug abuse. Am J Psychia-
try. 2005;162:1452-60.

Kornfield J. Meditation fur Anfdnger. Arkana: Kandern; 2005.

Heber E, Ebert DD, Lehr D, Nobis S, Berking M, Riper H. Efficacy and cost-
effectiveness of a web-based and mobile stress-management interven-
tion for employees: design of a randomized controlled trial. BMC Public
Health. 2013;13:1-12 Available from: BMC Public Health.

Akerstedt T. Psychosocial stress and impaired sleep. Scand J Work Environ
Health. 2006;32(6):493-501.

Ciarrochi J, Scott G. The link between emotional competence and well-
being: a longitudinal study. Br J Guid Couns. 2006;34(2):231-43.
Ciarrochi J, Deane FP, Anderson S. Emotional intelligence moderates

the relationship between stress and mental health. Pers Individ Dif.
2002;32:197-2009.

Sonnentag S, Fritz C. The recovery experience questionnaire: devel-
opment and validation of a measure for assessing recuperation and
unwinding from work. J Occup Health Psychol. 2007;12(3):204-21.
Sonnentag S, Binnewies C, Mojza EJ. Staying well and engaged when
demands are high: the role of psychological detachment. J Appl Psychol.
2010;95(5):965-76.

Berset M, Elfering A, Luthy S, Lithi S, Semmer NK. Work stressors and
impaired sleep: rumination as a mediator. Stress Heal. 2011,27(2):71-82.
Adamson SJ, Kay-Lambkin FJ, Baker AL, Lewin TJ, Thornton L, Kelly BJ,
Sellman JD. An improved brief measure of cannabis misuse: the Cannabis
Use Disorders Identification Test-Revised (CUDIT-R)%. Drug Alcohol
Depend. 2010;110(1-2):137-43.

Hjorthgj CR, Hjorthej AR, Nordentoft M. Validity of Timeline Follow-Back
for self-reported use of cannabis and other illicit substances - Systematic
review and meta-analysis. Addict Behav. 2012,37:225-33.

Robinson SM, Sobell LC, Sobell MB, Leo Gl. Reliability of the Timeline Fol-
lowback for cocaine, cannabis, and cigarette use. Psychol Addict Behav.
2014,28:154-62.

Martin G, Copeland J, Gates P, Gilmour S. The Severity of Dependence
Scale (SDS) in an adolescent population of cannabis users: reliability,
validity and diagnostic cut-off. Drug Alcohol Depend. 2006;83(1):90-3.
Rumpf H-J. Entwicklung und Validierung eines 6konomischen Screening-
Verfahrens zur Entdeckung von Alkoholabhdngigkeit und -mi8brauch in
der medizinischen Basisversorgung. Kiel; 1999.

National Institute on Drug Abuse (NIDA). NIDA-Modified ASSIST-Pre-
screen V1.0. Geneva: World Health Organization; 2009.

Skinner HA. The drug abuse screening test. Addict Behav.
1982;7(4):363-71.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav. 1983;24(4):385-96.

Klein EM, Brahler E, Dreier M, Reinecke L, Muller KW, Schmutzer G, Beutel
ME. The German version of the perceived stress scale — psychometric
characteristics in a representative German community sample. BMC
Psychiatry. 2016;16(1):159.

Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depres-
sion severity measure. J Gen Intern Med. 2001;16(9):606-13.

Arroll B, Goodyear-Smith F, Crengle S, Gunn J, Kerse N, Fishman T, Hatcher
S. Validation of PHQ-2 and PHQ-9 to screen for major depression in the
primary care population. Ann Fam Med. 2010;8(4):348-53.

Lowe B, Decker O, Miller S, Brahler E, Schellberg D, Herzog W, Her-
zberg PY. Validation and standardization of the Generalized Anxiety
Disorder Screener (GAD-7) in the general population. Med Care.
2008;46(3):266-74.

Daigre C, Ramos-Quiroga JA, Valero S, Bosch R, Roncero C, Gonza-

Ivo B, Casas M. Adult ADHD self-report scale (ASRS-V11) symptom
checklist in patients with substance use disorders. Actas Esp Psiquiatr.
2009;37(6):299-305.

Kessler RC, Adler LA, Gruber MJ, Sarawate CA, Spencer T, Van Brunt DL.
Validity of the World Health Organization Adult ADHD Self-Report Scale
(ASRS) sreener in a representative sample of health plan members. Int J
Methods Psychiatr Res. 2007;16(2):52-65.

Brown KW, Ryan RM. The benefits of being present: Mindfulness and its
role in psychological well-being. J Pers Soc Psychol. 2003;84(4):822-48.
Michalak J, Heidenreich T, Strohle G, Nachtigall C. Die deutsche version
der Mindful Attention and Awareness Scale (MAAS) Psychometrische
Befunde zu einem Achtsamkeitsfragebogen. Z Klin Psychol Psychother.
2008;37(3):200-8.

Page 18 of 18

84. Bergomi C, Tschacher W, Kupper Z. Konstruktion und erste Validierung
eines Fragebogens zur umfassenden Erfassung von Achtsamkeit. Diag-
nostica. 2014,60(3):111-25.

85. Boss L, Lehr D, Reis D, Vis C, Riper H, Berking M, Ebert DD. Reliability and
validity of assessing user satisfaction with web-based health interven-
tions. J Med Internet Res. 2016;18(8):e234.

86. Rozental A, Boettcher J, Andersson G, Schmidt B, Carlbring P. Nega-
tive effects of internet interventions: a qualitative content analysis of
patients'experiences with treatments delivered online. Cogn Behav Ther.
2015;44(3):223-36.

87. van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by
chained equations in R. J Stat Softw. 2011;45(3):1-67.

88. Wiens BL. Choosing an equivalence limit for noninferiority or equivalence
studies. Control Clin Trials. 2002;23(1):2-14.

89. Green P, Macleod CJ. SIMR: an R package for power analysis of
generalized linear mixed models by simulation. Methods Ecol Evol.
2016;7(4):493-8.

90. Eysenbach G.The law of attrition. J Med Internet Res. 2005;7(1):1-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Comparing a mindfulness- and CBT-based guided self-help Internet- and mobile-based intervention against a waiting list control condition as treatment for adults with frequent cannabis use: a randomized controlled trial of CANreduce 3.0
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Study design and methods
	Design
	Trial flow
	Recruitment of study participants
	Consent procedure and registration
	Screening for eligibility
	Assessments, compensation, and randomization

	Interventions
	Features of both active study arms (Study arms 1 and 2)
	Study arm 1: mindfulness-based self-help IMI
	Study arm 2: CBT-based self-help IMI

	Technical specifications of CANreduce 3.0
	Safety
	Measures
	Hypotheses
	Data analyses
	Power analysis

	Discussion
	Acknowledgements
	References


