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Abstract

Background High-quality evidence is still required to affirm the efficacy of mindfulness-based interventions (MBIs)
in craving reduction. MBls may be particularly appropriate for this purpose given the neurobiological mechanisms of
addiction with automatic behavior in response to the negative affect. In this systematic review and meta-analysis, we
aimed to study the efficacy of MBIs in craving reduction and to synthetize the newly published data.

Methods We searched four databases and three clinical trial registries for randomized controlled trials (RCTs) up to
August 2023, including studies with MBIs in all types of substance use disorders or behavioral addictions. We chose
as our outcome of interest the change from the baseline of craving measures at posttreatment. Standardized mean
difference was used as an effect size estimator.

Results We included 17 RCTs with 1228 participants. The overall effect size was estimated at -0.70 (95% Cl -1.15,-0.26)
in favor of MBls.

Conclusion Due to the high inconsistency (¥ =92%), we were unable to conclude that there is a medium to large
effect size. Overall risk of bias was high for most studies, and the GRADE approach detected a low quality of evidence.
Previous clinical and fundamental research suggest that MBIs have a promising potential in addiction medicine.
However, further investigation of whether MBIs effectively reduce craving is needed, and innovative solutions for
resolving methodological limitations in MBI research are warranted.

Trial registration PROSPERO registration ID CRD42020221141.
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Background

With the current in-depth understanding of the neuro-
physiological basis of addiction, the definition of sub-
stance use disorder (SUD) is difficult to imagine without
considering craving. Craving can be defined as a pain-
ful urge to engage in a behavior, and it is a multifaceted
and challenging phenomenon with cognitive, affective,
motivational, and physiological mechanisms [1]. Given
the accumulation of recent scientific literature on the
subject, the Diagnostic and Statistical Manual of Men-
tal Disorders, Fifth Edition, (DSM-5) included craving
in the criteria for SUD [2]. In SUD, craving is a severity
indicator and a relapse predictor [1]. It is largely used in
motivational approaches to addiction, and it represents
an important therapeutic target for addictolytic and sub-
stitution medications [1, 3]. Nonetheless, the therapeutic
strategies currently used to counteract craving are insuf-
ficient, and it is important to develop new approaches for
craving reduction [4].

Mindfulness can be defined as a state of consciousness
in which a person is fully focused on their experience of
the present moment with non-judgmental curiosity and
an open attitude [5, 6]. Trait mindfulness or dispositional
mindfulness describes a predisposition to be mindful in
everyday life, and state mindfulness is attained during
mindfulness meditation practice [7, 8].

In 1979, Jon Kabat-Zinn first integrated mindfulness
training as an essential part of a 8-week program for
therapeutic outcomes, Mindfulness-Based Stress Reduc-
tion (MBSR), which became a “gold-standard” interven-
tion for mindfulness-based interventions (MBIs) [9,
10]. These are typically multi-week group interventions,
composed of weekly group practice and daily take-home
assignments between sessions [11-13]. In these train-
ing programs, there is an emphasis on focused attention
practice, during which an individual intentionally pays
attention to their breathing, noticing mind-wandering,
then gently and non-judgmentally bringing their atten-
tion back to the breath. This practice is translated into
a distinct pattern of activation in various functional
networks of the brain, and it leads to improvements in
working memory and attentional allocation [14, 15]. A
number of MBIs are currently implemented in differ-
ent clinical settings, such as MBSR, Mindfulness Based
Cognitive Therapy (MBCT), and Mindfulness Oriented
Recovery Enhancement (MORE), to name a few [13, 16,
17]. MBIs have been extensively studied in a large num-
ber of clinical trials addressing anxiety, depression, and
stress reduction [18—20].

While the use of MBIs in addiction medicine is more
recent, the preliminary evidence is promising [21, 22].
Furthermore, they may be particularly needed in addic-
tion medicine because of the current lack of anti-craving
therapies. Indeed, SUD neurobiology studies identify
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allostatic adaptations in reward circuitry, coupled with
executive disruption, resulting in compulsive, automa-
tized substance use when faced with craving [23-25].
In this perspective, MBIs seem particularly appropriate
because they can target automatized consumption behav-
ior in response to the negative affect, maladaptive stress
management, and particularly craving management.
Thought suppression, compensatory behavior (such as
going for a walk when experiencing a craving), and other
usual avoidance strategies when faced with cravings are
often dysfunctional in the long run [26]. On the contrary,
the perspective shift offered by regular mindfulness med-
itation enables the individuals to engage in the attitude of
non-judgmental observation of craving sensations, with-
out immediately urging to react when faced with salient
cues [27]. A recent review of experimental trials investi-
gating MBIs effect on craving reduction suggests that this
effect is generally mediated by working memory load and
craving-related response suppression [3]. Indeed, when
faced with craving, engaging in moment-to-moment
intentional observation of the present experience could
reduce painful craving-related elaboration and the
urgency to react [3]. The preliminary efficacy of MBIs on
various substance use outcomes suggests a therapeutic
promise and a significant effect on potential targets of
interest, such as stress, thought suppression, reaction to
alcohol cues, attentional bias, and psychological flexibil-
ity [11, 17, 28]. In addition, these interventions are safe
and well accepted by the patients [29].

To implement these interventions in everyday addic-
tion care, practitioners and stakeholders need robust
data confirming MBIs effect on craving reduction. Even
if the effects of MBIs on SUD outcomes and targets seem
promising, meta-analytic data on craving reduction
shows mixed results. A significant small to large effect
was reported in meta-analyses by Li et al. (9 studies,
d =-0.68 (95% CI [-1.11, -0.25]), I? 83.8%), Grant et al.
(9 studies, d = -0.13, 95% CI -0.19 to -0.08, =0%), and
Cavicchioli et al. (d = -0.90 (-1.04; -0.75), I? 97.28%), there
was no evidence of a significant difference from compari-
son interventions in the meta-analysis by Maglione et al.
[4, 30-32]. Importantly, meta-analyses showing the most
important MBI effects on craving also report a very high
level of inconsistency measured by I statistic, precluding
conclusions based on these results [33]. In 2020, Korecki
and colleagues presented a narrative systematic review
of MBI efficacy in SUD suggesting positive and mixed
results [34].

The use of MBIs in addiction medicine being a novel
and exciting topic, a significant number of RCTs have
been published since. We conducted this meta-analysis
in view of the considerable scientific production, and to
further investigate MBIs effect on craving.
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Methods

Search strategy

We conducted our review following a published protocol
with PROSPERO registration ID CRD42020221141 [35].
The initial study protocol was written before the comple-
tion of the scope searches. We adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) guidelines 2020 [36].

We conducted our literature search in November
2020, with the final search update in August 2023, using
PubMed (MEDLINE, PubMed Central), EMBASE, Psy-
cINFO via OVID and the Cochrane Library (CENTRAL,
Cochrane clinical answers, Cochrane database of system-
atic review) databases as well as clinical trials registries
(clinical trials.gov, EU clinical trials, WHO International
Clinical Trials Registry Platform) in order to ensure the
screening of unpublished or ongoing trials.

Our search strategy in PubMed/Medline was
(“Mindfulness“[MeSH Terms] OR “Mindfulness“[All
Fields]) AND (“Craving“[MeSH Terms] OR “Craving“[All
Fields]) with a filter for RCTs. We adapted this strategy
for the other databases (cf. Additional file 2, Document A
for detailed search equations).

Study selection, inclusion and exclusion criteria

We included all randomized controlled parallel group tri-
als using multisession MBIs for SUD or behavioral addic-
tions (BA) in residential or outpatient settings, counting
craving as a primary or a secondary outcome, using all
types of craving scales or questionnaires and with data
available at a post-treatment time point. We retained
studies published in English and French. Studies using all
types of control conditions were included. Unpublished
trials, conference abstracts, and thesis papers were also
eligible for inclusion.

For comparability, we did not include trials in popula-
tions with SUD associated with another condition (post-
traumatic stress disorder, depression).

Our initial November 2020 protocol was edited in
March 2021 to narrow down the inclusion criteria in
order to obtain better comparability. For instance, we
chose to use the criterion “Mindfulness as an essential
component of the studied intervention” and the duration
criterion to select only multisession training programs
in which mindfulness skills are progressively introduced
in form of practical exercises. Thus, we did not include
interventions in which mindfulness was taught as only
one of different concepts and skills, such as Acceptance
and Commitment therapy (ACT), in which mindfulness
contributes to one’s engagement in actions in line with
one’s values [37]. We also did not include studies with
only one or two meditation sessions without any mind-
fulness training. For better comparability, we chose to
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exclude double interventions. For example, we did not
include studies of MBIs combined with virtual reality.

We implemented all entries in a reference manage-
ment software, Zotero [38], and, after supervised auto-
matic double removal, two raters (A.D., B.T.) assessed
titles and abstracts for inclusion criteria in a blind mode
using Rayyan QCRI [39], a systematic review automation
tool. Any disagreement after unblinding was resolved by
discussion, and when consensus was not obtained, the
third rater (B.P.) resolved conflicts. Full texts and refer-
ences of included articles were then reimplemented on
Rayyan QCRI application for blind full-text assessment
by two raters (A.D., B.T.). Then, after discussion, conflicts
were resolved by the third rater (B.P.). In case of multiple
reports on one study, we only used the data set in which
craving measures were reported.

Data extraction and synthesis

The data extraction form was written by A.D. It included
the year of recruitment, the year of publication, study
location, study funding, study design, availability of the
study protocol, blinding, sample size, population charac-
teristics (gender, diagnosis, consumption status), inter-
vention and control characteristics (type of mindfulness
intervention, duration, instructors adherence assessment,
presence of homework assignments, type of control
intervention), as well as all available outcome data with
the type of craving scale or questionnaire, data collec-
tion points, and results. When different kinds of control
conditions were used, the results from the active control
group were extracted [40]. Studies were ordered by year
of publication. The extraction form was first pilot tested
by two authors with 3 randomly selected studies and then
it was applied to the data from the included publications.
Data extraction was independently performed by two
authors (A.D. and B.T.). Data was extracted directly from
the published materials when available. When outcome
results with sample sizes at post-treatment were not
clearly identifiable, the authors were contacted.

Data analysis

In every included study, outcomes were expressed as
means with standard deviations or standard errors. Stan-
dard errors were converted into standard deviations
using the formula SD=SE x sqrtN [40]. Given the con-
tinuous nature of the outcome and the use of different
scales and questionnaires for craving assessment in the
included studies, we used the standardized mean differ-
ence (SMD) to estimate the effect size. The means, the
standard deviations in intervention and control groups at
post-treatment, and the number of patients in each group
were extracted and implemented into Revman 5.4.1 soft-
ware [41].
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In our analysis, we included the available measured
data at post-treatment. We considered the potential
impact of the missing data on the results in our evalua-
tion. We did not inflate the sample size of the available
data up to the total numbers of randomized participants.
We chose the inverse variance method and the ran-
dom effects model in order to consider the differences
between studies suggesting clinical and methodological
heterogeneity [42]. We used Cohen’s d to describe the
SMD for the effect size measure [43]. Usually it is inter-
preted as small when d=0.2, as medium when d=0.5, and
large when d=0.8 [44].

Higgins et al. developed an approach to describe the
heterogeneity of studies through the measure of their
inconsistency. We used this approach with the F statistic
describing “the percentage of total variation across stud-
ies that is due to heterogeneity rather than chance” [33].
The I? values lay between 0 and 100%, and higher values
indicate a higher level of heterogeneity.

Risk of bias and quality of evidence

The bias analysis was performed independently by A.D.
and B.T. using a revised Cochrane risk-of-bias tool for
randomized trials. The following were evaluated: bias
arising from the randomization process, deviations from
intended interventions, incomplete outcome data man-
agement, measure of the outcome, and selection of the
reported result [45]. After defining every domain as being
at “high risk’, “low risk” or with “some concerns’, A.D.
and B.T. evaluated the overall risk. When evaluations did
not match, consensus was obtained through discussion
with the third author (B.P.). The results were summarized
using the Robvis visualization tool [46].

We explored the quality of evidence using the GRADE
approach with the GRADEPro tool [47]. Two authors
(A.D. and B.T.) completed the GRADE form in blind
mode, and the third author (B.P.) resolved conflicts. The
GRADE form evaluates the risk of bias, inconsistency,
indirectness, imprecision, publication bias, effect size,
confounding factors and dose-effect gradient. This eval-
uation was done using Grade Handbook criteria [48]
(GRADE handbook). We accounted for the effect of the
smaller studies compared to the larger studies by analyz-
ing publication bias using a funnel plot (cf. Additional file
1).

Results

Study selection

Figure 1 shows the detailed selection of included tri-
als (details of excluded trials are available in Additional
file 2). Seventeen articles were included, totaling 1228
patients.
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Final search round in August 2023 retrieved 11 addi-
tional trials, of which 7 were excluded (cf. Additional file
2).

Three corresponding authors of published trials were
contacted for precisions about post-treatment outcomes:
two authors [49, 50] responded and the data was used
in the analysis, one author [51] described a high level of
attrition at post-treatment with far less attrition at follow
up, so this study was excluded post hoc.

Characteristics of the studies

The characteristics of the included trials are presented in
Table 1. Most trials were recent (with a range of publica-
tion years from 2009 to 2023) and more than a half were
published between 2018 and 2023. Most trials evaluated
patients with SUDs, with only one trial examining the
intervention in Internet Gaming Disorder (IGD). In most
trials, patients were probably abstaining since they were
in the maintenance phase of treatment.

Mindfulness interventions included the following pro-
grams: MBSR, MBRP, MORE, Mindfulness and Accep-
tance group therapy, Moment-by-Moment in Women’s
Recovery, Mindful Awareness in Body-oriented Therapy,
as well as mindfulness meditation using a personal digital
assistant (PDA). The detailed description of these inter-
ventions is available in the Additional file 2. Intervention
durations varied from five consecutive days to 12 weeks.
Control conditions were sometimes but not always
matched on the treatment contact time and theme. Sev-
eral trials did not have an active control condition using a
waitlist, general information sessions, or no intervention.
One trial used a sham meditation on a PDA.

The outcome assessments were based on self-reported
data using scales (Visual Analog Scale or 1-7 Likert scale)
and questionnaires. Detailed description of these scales
and questionnaires is available in the Additional file 2.
The post-treatment time point depended on the inter-
vention duration and varied from 5 days to 12 weeks.

The included studies were mostly conducted with just
the researcher being blinded or in open label conditions.
Retention rates depended on study durations and var-
ied from 100% (for a 5-day intervention) to 34% (in the
study with 4 weeks of standard treatment and 8 weeks of
intervention).

Effect of mindfulness interventions on craving
We found an overall significant effect of MBIs on crav-
ing reduction, with Cohen’s d at -0.70 (-1.15, -0.26) which
could be interpreted as a medium to large effect size (cf.
Figure 2 for forest plot). However, like in some of the lat-
est meta-analyses, the I° statistic at 92% still indicated a
high level of inconsistency between the study results.

We performed a “one study removed” sensitivity anal-
ysis and a subgroup sensitivity analysis in an attempt to
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Identification of studies via databases and registers

Records identified from (2021):
Databases MEDLINE (n =
49), CENTRAL (n = 160),
OVID (n = 220), EMBASE (n
=50)

Registers Clinical trials (n =
6), Eu trials (n =0), WHO
unavailable

Identification

Records removed before
screening:
Duplicate records removed
(n=130)

!

Records screened
(n = 355)

v

Reports sought for retrieval

v

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records excluded using Rayyan
QCRI by two authors in blind
mode (n = 269)

Reports not retrieved

(n = 86)
'

Screening

Reports assessed for eligibility
(n=53)

v

(n = 23 for secondary analysis,
study protocols)

Reports excluded: 40

\ 4

Studies included in review
(n=18)
Included during the first round
of search in 2021: n =13
Search updated in August
2023:n=4

Included

Study design (n = 3)

Parent study included (n = 3)
No craving measures (n =
11)

Wrong intervention (n = 6)
Experimental design (n = 4)
Wrong population (n = 5)
Wrong publication type (n =
3)

Fig. 1 PRISMA 2020 Flow diagram of eligible trials. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: https://doi.org/10.1136/bmj.n71

explain the high degree of heterogeneity between stud-
ies. One of the most obvious choices was to perform the
analysis without the only trial using a PDA instead of in-
patient sessions [52]. The I” statistic was not significantly
diminished by the removal of this nor any other trial.

We ran our subgroup analyses by population character-
istics, taking in account the diagnosis, the sex ratio, the
treatment settings, by intervention dose, and by the use
of active control. We had 4 condition subgroups: OUD,
people who smoke, all SUD and other (one study on IGD
and one on AUD). We established 3 sex ratio subgroups
on the basis of an arbitrary 70% sex ratio threshold with
3 studies containing>70% women, 8 studies with >70%
men and 6 studies with both sexes equally present. Six

studies explored the effect of MBIs in residential settings
and 11 studies in outpatient settings. As for the treat-
ment dose, there were two subgroups with 6 studies on
interventions lasting less than 8 weeks of training and 11
studies with those lasting 8 weeks or more. Eleven stud-
ies used an active control condition, and 6 studies did not
have an active control condition. The results of the sub-
group analysis are presented in Table 2 (cf. Additional file
1, Figures A-G for forest plots).

Effect by population characteristics

When we ran the subgroup analysis by diagnosis, we
found an effect size of -3.14 (-5.13, -1.16) in opioid use
disorder (OUD), -0.25 (-1.06, 0.56) in people who smoke
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Mindfulness intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.2 Overall
Bowen 2008 1.1 141 62 1.7 14 41 6.4% -0.49 [-0.89,-0.08] 2009 —
Eevan 2010 42.69 19.42 35 54815 3049 40 B.3% -0.62 [-1.09,-0.16] 2010 —
Garland 2010 4.6 A3 18 32 36 19 5.9% 0.30[-0.34, 0.95] 2010 T
Ruscio 2016 26 1 18 34 14 14 57% -066 [-1.37, 0.06] 2016 —
Shorey 2017 2.42 4.52 G2 3.47 4.44 47 B.4% -0.23 061, 018]) 2017 T
Yaghubi 2018 6746 11.14 35 B2E3 1847 33 6.2% -0.99 [-1.49 -0.48] 2018 I
Diavis 2018 1.75 1.95 42 236 235 H 6.3% -0.28 075, 019] 2018 —
Liz2017 4.9 1.162 13 5.6 2.245 14 5.7% -0.381.12,039] 2018 .
Abed 2019 18.93 1.78 24 31.68 312 29 18% -4.84 [-5.94 -3.74] 20149
Faroushani 2019 16.23 1.78 13 3226 37 14 3.8% -5.22[-6.88,-3.57] 2019
Elack 2019 1.6 0.z 90 1.4 0.2 94 6.5% 1.00[0.69,1.30] 2018 -
Price 2019 107 Ty T4 949 a6 16 6.5% 010[-0.27,047] 2018 I
WWeiss de Souza 2020 28167 13.218 12 25882 13145 17 8.7% 017 [-0.57, 0.91] 2020 I —
Harby, 2021 2493 918 15 38 2489 14 5.3% -1.89[-2.77,-1.01] 2021 -
Massara 2022 1.53 0.99 42 228 0.98 34 6.3% -0.75[-1.22,-0.28] 2022 —
Zhang, 2022 2154 31 149 2227 20 B.0% 0.06[-0.57, 0.68]) 2022 1
Skrzynski, 2023 1.68 073 Ta 1.97 0.99 68 6.5% -0.33 [-0.66,-0.00] 2023 —]
Subtotal (95% CI) 651 577 100.0% -0.70 [-1.15, -0.26] <
Heterogeneity: Taw®= 0.76; Chi®= 20463, df= 16 (P = 0.00001); F=92%
Testfor overall effect: £=3.11 (P=0.002)
Total (95% CI) 651 577 100.0% -0.70[-1.15, -0.26] ’
Heterogeneity: Tau®=0.76, Chi®= 204 63, df= 16 (F = 0.00001);, F=92% 1_4 _12 ) é 4!
Testfor averall effec.t: =311 {P= D.DD.Q) Less craving Ml Less craving control
Testfor suboroun differences: Mot applicable
Fig. 2 Overall effect of MBIs on craving with effect size, heterogeneity indexes and forest plot
Table 2 Results of the subgroup analysis
SUBGROUPS STUDIES P VALUE HETEROGENE-
ITY ()
Diagnosis: OUDY/SUD?/People who smoke/other 4/9/2/2 0.002/041/0.55/0.96 95% / 88% / 59%
/47%
Sex ratio: 3/9/5 0.19/0.0009/ < 0.0001 87% /93% / 0%
More women/more men/both
Treatment settings: 6/11 0.43/0.001 93%/91%
residential/outpatient
Dose: 6/11 0.74/0.0004 90% / 92%
<8 weeks/ 8 weeks or more
MBI MBRPb/MBSRd/app/MOREE/other 5/6/1/2/3 0.006/ 0.002/0.07 /096 /044 73%/95% /NA/
47% / 93%
Control: 11/6 0.17/0.006 88% / 95%
active/no active control
Blinding: 0/2/4/11 NA/0.05/0.80/0.0002 NA/0%/93%/92%

Double/Patient/Researcher/Open label

9SUD: Substance Use Disorder, "MBRP: Mindfulness Based Relapse Prevention, ‘PACS: Penn Alcohol Craving Scale, “MBSR: Mindfulness Based Stress Reduction,
°MORE: Mindfulness Oriented Recovery Enhancement, 'VAS: Visual Analog Scale, 7OUD: Opioid Use Disorder, "HCQ: Heroin Craving Questionnaire

and —0.17 (-0.56, 0.23) in all SUDs. The I” statistic was
at 95%, 59% and 88%, respectively. There were strong
similarities in the OUD studies. Indeed, two of the three
studies used the same MBI, had no active control condi-
tion, and presented the Heroin Craving Questionnaire
(HCQ) by sub-scales. However, the sample sizes in these
two studies were slightly different, raising the reasonable
question of a center effect.

When we explored the subgroups by sex ratio, the
effect size was equal to 0.45 (-0.23, 1.13) in studies with
more than 70% women, in those with more than 70% men
it was equal to -1.36 (-2.16, -0.56), and when both sexes
were represented, Cohen’s d was at -0.43 (-0.63, -0.24),
with the I? statistic at 87%, 93% and 0%, respectively.

Effect by treatment

When we ran the subgroup analysis by treatment set-
tings, we found an effect size of -0.28 (-0.97, 0.42) in
studies with residential settings and —0.96 (-1.53, -0.39)
in studies with outpatient settings, with the I” statistic at
93% and 91%, respectively.

In order to assess whether the number of sessions
influenced the outcome, we ran a subgroup analysis by
study duration, with an effect size of -0.10 (-0.70, 0.50)
for the less-than-8-weeks intervention subgroup and
—1.08 (-1.68, -0.48) for the more-than-8-weeks interven-
tion subgroup. There was a logical significant difference
in efficacy between the two subgroups. Nevertheless,
the I” statistic as high as 90% for the first and 92% for the
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second subgroup precludes this simple explanation for
our main results.

In a subgroup analysis by different mindfulness pro-
grams, MBRP study had a Cohen’s d of -0.59 (-1.01,
-0.17), studies with MBSR had an effect size of -1.77
(-2.91, -0.63), PDA study had an effect size of -0.66 (-1.37,
0.06), and MORE studies had an effect size of -0.02 (-0.69,
0.66), with an I statistic of 73% for MBRP group, 95% for
MBSR group, and 47% for MORE.

Effect of the methodological characteristics of studies

The subgroup analysis by control condition resulted in a
Cohen’s d of -0.28 (-0.68, 0.12) in studies with an active
control and —1.74 (-2.97, -0.51) in those without an active
control. This logical difference between subgroups did
not explain the high level of inconsistency in the main
results seeing as the I statistic was 88% for the first sub-
group and 95% for the second subgroup.

When we ran the subgroup analysis pooling the stud-
ies using a design in which patients were blinded, the
effect size was —0.52 (-1.04, -0.01). In designs in which
researchers were blinded, it was 0.11 (-0.72, 0.94). In
studies with an open design, d was —1.06 (-1.62, -0.50).
The I? statistic was 0%, 93% and 92%, respectively.

Risk of bias and quality of evidence

The results from the Risk of Bias (RoB) evaluation are
presented in Fig. 3. The overall RoB was high for the
majority of studies, with only two studies [4, 50] with
an overall risk of “some concerns” The D4 evaluation
domain (measurement of the outcome) was the most
penalizing because patients knew which intervention
they were receiving in most trials. The D2 domain (devia-
tions from the intended intervention) was also prob-
lematic because of the high attrition rates in the studies.
Two studies received a “high risk” evaluation in the D5
domain (selection of the reported results) because of the
use of subscales [53, 54].

The GRADE (cf. Additional file 1, Figure I) approach
detected a low quality of evidence with serious risk of
bias, very serious inconsistency, and serious imprecision
with large confidence intervals. No serious publication
bias were detected.

Discussion

The main results of our meta-analysis are encouraging,
suggesting a medium-high effect size in favor of the influ-
ence of MBIs in craving reduction. However, we found a
high degree of inconsistency, making it difficult to draw
conclusions relative to this result. We therefore explored
our result by performing sub-group analyses which sug-
gested that, despite the use of a random effects model,
the observed heterogeneity is the result of various factors,
possibly both methodological and clinical. Our review,
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significantly updating previous systematic reviews, is
consistent with their conclusions, reemphasizing the fact
that methodological difficulties in MBIs studies continue
to be a limiting factor for a reliable quantitative synthesis
of all available data.

Craving is a painful and difficult to manage symptom
for patients with SUD and BA [26]. The usual distrac-
tion or thought repression strategies are not sufficient to
cope with this symptom, and sometimes they can even
produce its intensification [26, 55]. Mindfulness train-
ing offers a different strategy in craving management
based on observation and acceptance [17, 23]. Craving is
believed to predict substance use and relapse, and a para-
digm shift in craving management offered by MBIs could
facilitate the effort to obtain sustainable therapeutic out-
comes in addiction [56, 57].

Our results underline methodological issues in the
included studies. Given that included trials were often
underpowered, with high rates of attrition and a high
degree of heterogeneity, both methodological and clini-
cal, it is plausible that our results are at least partly medi-
ated by the methodological weaknesses of the included
data. In this perspective, continuing investigation of MBI
effects on craving intensity and experience is warranted.

Despite the recent proliferation of data regarding MBIs
in craving, it may still be difficult to make firm conclu-
sions because of unique methodological issues in mind-
fulness research. It is difficult to obtain real double
blinding, and it is also hard to imagine placebo/control
conditions (although sham meditation is sometimes
used). In 2015, Davidson proposes a systematic use of an
active control condition matched with the time and the
length of the intervention. Also a “dual blinding” can be
used, in which participants do not know which of the two
interventions is experimental [9].

It is also challenging to study craving, partly because
it is difficult to establish a solid definition of this criti-
cal symptom [58]. In the trials included in this meta-
analysis, craving was measured using different scales and
questionnaires, possibly contributing to the high degree
of heterogeneity between studies. In 2000, Sayette et
al. described a variety of ways to measure craving and
emphasized that each of these has limitations [55]. The
systematic use of simple standardized intensity scales
combined with psychometrically validated substance-
specific questionnaires could contribute to more com-
fortable meta-analytic data management. In the included
RCTs, craving was sometimes evaluated during the actual
craving at a precise point in time and sometimes it was
described retrospectively, further adding to the differ-
ences between studies and complicating interpretation.

One potential way to overcome some of these chal-
lenges would be to conduct trials using digitally assisted
mindfulness meditation. A matched active control would
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Risk of bias domains
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Domains:

D1: Bias arising from the randomization process. )
D2: Bias due to deviations from intended intervention.. High

D3: Bias due to missing outcome data. - Some concerns
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. ‘ Low

Judgement

Fig. 3 Risk of bias: evaluation of domains from D1 to D5 and overall result. (D1: Bias arising from the randomization process, D2: Bias due to deviations
from intended intervention, D3: Bias due to missing outcome data, D4: Bias in measurement of the outcome, D5: Bias in selection of the reported results,
X: high risk of bias, - : some concerns, + : low risk of bias)
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be easier to implement in this form, for instance as a
mobile phone application with visualization or breath-
ing exercises with the same look and feel as the mind-
fulness application. With no need for additional human,
financial, and infrastructural resources, it can allow
larger studies on mindfulness meditation with daily pre-
recorded standardized sessions accompanied by key
pedagogical messages. Recently, Brewer et al. developed
a smartphone application called “Craving to Quit” to be
used by smokers using mindfulness meditation for smok-
ing cessation. They found preliminary evidence that the
association between craving and smoking was reduced
with the use of the application [51]. The use of the eco-
logical momentary assessment approach for real-time
craving measures also has a strong potential for craving
studies, and it can be easily incorporated in a smartphone
application [58].

We recognize that our meta-analysis has limitations.
The included trials were often underpowered, with small
sample sizes and high rates of attrition. We used mea-
sured data in our analysis, which adds to the potential
bias in effect size estimations. We chose this option for
dealing with missing continuous data, seeing as imputa-
tion methods are far from perfect [40]. Craving data is
continuous, which adds to the methodological difficul-
ties for missing data, especially in addiction research,
where participants are frequently lost to follow-up [17].
Furthermore, it is very likely that the missing data in the
included trials was highly dependent on the outcome.
Another limitation of this study is the use of the search
strategy based on craving. We could have missed trials
if the authors did not mention craving evaluation spe-
cifically. In addition, we pooled the results from various
mindfulness interventions. Although we excluded brief
mindfulness training programs for better comparability,
there is still a possibility that shorter programs have dif-
ferent impact on clinical outcomes than the longer ones.

Our meta-analysis has strengths: we included recent
data with more than half of the studies published after
2015. We conducted our study in accordance with cur-
rent recommendations for systematic reviews and meta-
analyses, aiming for a robust methodology. Even though
the main result is comparable to other studies, our incon-
sistency exploration supports the need for the future
developments in mindfulness research recommenda-
tions. In fact, a 2021 Cochrane review on MBIs in addic-
tion came to similar conclusions, although craving data
was not pooled [6]. Thus, our analysis contributes to the
different independent evaluations of MBIs in addiction,
revealing inconsistency issues, raising the question of
the overly heterogeneous methodological approaches to
studying mindfulness interventions.
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Conclusion

Previous fundamental and clinical research suggest that
MBIs have a promising potential in addiction medicine.
However, the specific effect of MBIs on craving needs
to be investigated further, and innovative solutions for
designing RCTs in this context are warranted.
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