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Abstract

Purpose of Review Substance dependence across multiple substances is consistently associated with emotion dysregulation.
In the last two decades, emotion regulation interventions have been developed and applied from cognitive behavioral therapy,
dialectical behavior therapy, and mindfulness-based interventions for substance dependence.

Recent Findings While previous reviews have focused solely on cognitive behavioral therapy or mindfulness interventions
and have found positive outcomes regarding reductions in substance use, aggregate results of clinical outcomes across dif-
ferent emotion-regulation interventions have not been identified to this date.

Summary Through our systematic review of 26 studies, our meta-analysis of 10 studies on reduction in substance use, and
11 studies on improvement in emotion regulation outcomes, we found that improved outcomes have been demonstrated
across diverse measures from self-report questionnaires to respiratory sinus arrhythmia. Although most emotion-regulation
interventions have demonstrated a significant moderate effect size regarding the reduction in substance use and improvement
in emotion regulation, mindfulness-based interventions have significantly driven the improvements in emotion regulation.
No demographic variables (e.g., age, sex) nor study-design variables (e.g., intervention frequency, intervention length)
significantly influenced the reduction in substance use from ER interventions. Our findings demonstrate the importance of
cost-effective methods like mindfulness-based interventions towards addressing maladaptive substance use and the broad
appeal of emotion regulation interventions to improve the outcomes of individuals afflicted with substance dependence.

Keywords Substance Dependence - Emotion Regulation - Mindfulness - Cognitive Behavioral Therapy - Dialectical
Behavior Therapy

Introduction

This article is part of the Topical Collection on Emotion &
Addiction

Substance use is a public health issue that has been attrib-
uted to 31.8 million disability-adjusted life-years across the
globe and 7% of all global burden of disease [1, 2]. SUDs
arise from a complex interplay between various individual
and environmental factors, with risk factors that include
comorbid mental health diseases, socioeconomic and occu-
pational conditions, and adverse childhood experiences [3,
4, 5ee, 6]. According to a report by the National Institute of
Drug Abuse, SUDs exacerbate other mental health ailments
like anxiety or depression.

Emotion regulation (ER), an internal state strongly impli-
cated in SUD, involves the intensity, form, and duration of
outward behavior from managing emotional experiences

<l Muhammad A. Parvaz
muhammad.parvaz@mssm.edu

Department of Psychiatry, Icahn School of Medicine
at Mount Sinai, 1 Gustave L. Levy Place, Box 1230,
New York, NY 10029, United States

School of Medicine, University of South Carolina, 607 Grove
Rd, Greenville, SC 29605, United States

Department of Neuroscience, Friedman Brain Institute,
Addiction Institute, Icahn School of Medicine at Mount
Sinai, 1 Gustave L. Levy Place, Box 1065, New York,
NY 10029, United States

Department of Artificial Intelligence and Human Health,

Icahn School of Medicine at Mount Sinai, 1 Gustave L. Levy
Place, Box 1230, New York, NY 10029, United States

@ Springer

[7ee]. Recent meta-analyses have shown that individuals
with SUDs experience greater challenges in ER than those
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without SUDs [8ee]. Healthy adolescent development
involves a strengthening of top-down connections from the
prefrontal cortex to subcortical regions that support affec-
tive processes like ER, allowing for impulse control and
voluntary emotion regulation [9]. The involvement of the
prefrontal cortex in top-down regulation of arousal, motiva-
tional, and reward/aversion processes [10e], further suggests
a neurobiological link between ER and goal-directed behav-
ior, where adversity, stress, and/or genetics can contribute to
emotion dysregulation and substance misuse [9]. Changes
in these connections from 10 to 24 years old as well as vali-
dated age-dependent impacts on the relation between SUDs
and ER suggest age as an important consideration [11ee].
There are also increased comorbidities of substance misuse,
emotion dysregulation, and posttraumatic stress disorder in
females compared to males by a factor of two to three, sug-
gesting key demographic differences in the comorbidities
of emotion dysregulation and SUDs [12e, 13e]. While the
differences in emotion dysregulation between specific sub-
stances misused is less studied, initial research suggested an
inverse relation between heroin dependence and ER indica-
tors like hyperarousal and avoidance while the same could
not be established for crack/cocaine, nor alcohol dependence
[14].

Given these findings, it is understandable why ER
therapies are becoming mainstays in SUD treatment. For
instance, cognitive behavioral therapy (CBT) is a multi-
session intervention that teaches individuals skills to cope
with environmental, cognitive, and affective risk factors for
substance use to achieve and maintain abstinence [15], and
often encompasses various strategies, including cue expo-
sure, motivational interviewing, and in-session rehearsal
of socially acceptable behaviors [16]. Additionally, CBT
has been effective in reducing alcohol usage compared to
treatment as usual (TAU) [17ee, 18]. Dialectical behavior
therapy (DBT), an extension of CBT, is also increasingly
employed and incorporates mindfulness- and acceptance-
based strategies [19]. Several studies have found that DBT
can assist in treatment retention and reduce drug use among
individuals with borderline personality disorder and other
serious comorbidities [20]. Mindfulness-based interventions
(MBI) for treating SUDs have also been examined in the
past few years, which help individuals attend to “moment-
to-moment experiences” to improve awareness during the
reactions that follow a substance-related cue [21]. Multiple
studies employing MBI in SUD treatment have found associ-
ated decreases in impulsivity, craving, and drug severity and
improvements in positive affect compared to treatment-as-
usual [22, 23ee, 24ee],

While meta-analyses have traditionally involved a sin-
gle primary research question with one effect size per
study [25], the diversity of interventions and measures
in the field of psychiatry has spawned more exploratory

approaches involving the inclusion of multiple measures
and effect sizes per study in fields like attention-deficit/
hyperactivity disorder [26], autism spectrum disorder [27],
impacts of CBT [28e], impacts of DBT [29, 30], and etc.
With the emerging diversity of ER interventions and vast
literature on the links between SUDs and emotion dys-
regulation, this divergent integrative approach towards a
meta-analysis is needed to understand the impact of ER
interventions on substance misuse. In this systematic
review and meta-analysis, we will curate studies that have
employed ER interventions for individuals with SUD and
investigate whether there were significant differences is
substance use and ER outcomes between these ER and
control interventions across multiple different ER inter-
ventions, ER outcomes, and substance use measures. In
addition, we are interested in finding any significant con-
tributors of study conditions (e.g., number of sessions per
week, intervention duration, proportion of participants
dependent on a certain substance) to substance use and
ER outcomes.

Methods

We followed the updated 2020 Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines used to standardize the presentation of our
findings [31e].

Eligibility Criteria

Our eligibility criteria are based on the population, inter-
vention, comparison, and outcome (PICO) framework,
which is useful for reviews on clinical intervention effec-
tiveness [32]. For this review, the population (P) is indi-
viduals with substance misuse or substance use disorders.
The intervention (I) encompasses ER interventions (e.g.,
CBT, DBT, MBI, and music therapy). The comparison (C)
is a longitudinal analysis of the participant outcomes after
and before the intervention. The outcome (O) involves
measures related to substance misuse (e.g., craving,
amount and/or frequency of use, and abstinence duration)
and ER, and we curated these measures explicitly reported
in the included studies.

Our inclusion and exclusion criteria are presented in
Table 1. We included music therapy in our included criteria
because music therapy has been demonstrated to improve
ER outcomes and has been demonstrated to improve depres-
sive and post-traumatic symptoms [33e, 34e 35]. We did
not employ a year-based cutoff to exclude studies that were
published before a particular year.
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Table 1 Inclusion and exclusion criteria for systematic review

Inclusion Criteria Rationale

Study’s population of interest was individuals with substance usage/ Part of the inquiry for the systematic review and meta-analyses

dependence/misuse
Study involved an emotion regulation or music therapy intervention Part of the inquiry for the systematic review and meta-analyses

We were interested in longitudinal changes to substance use habits from
the intervention

Study measured (but did not need to explicitly report) substance use/
craving/abstinence measures over two or more timepoints

Study measured (but did not need to explicitly report) emotion regula- We were interested in either the resistance initial emotion regulation dif-

tion measures over one or more time point

Exclusion Criteria
Non-English papers
Reviews

Systematic reviews
Case reports
Meta-analyses
Commentaries
Editorials
Observational studies
Historical articles
Book chapters
Introductory journal articles
Retracted publications

Studies not involving human subjects (e.g., rats, mice, porcine, in vitro)

Twin studies

ficulties had on treatment outcome or longitudinal changes in emotion
regulation from the intervention

Screening and Implemented Inclusion/Exclusion
Process

Our search strategy involving substance use, ER concepts,
and ER intervention terms yielded 373 results (Online
Resource 1). We utilized Rayyan for its high labeling per-
formance for excluding studies resulting in 313 articles to
manually review [36, 37e].

After screening titles and abstracts, S.P. and G.N. found
21 relevant articles. Three articles were added after S.P.
and G.N. deliberated on each other’s assignments. R.B.S
independently reviewed 190 articles from the total PUB-
MED search results (based on a 95% confidence level and
5% margin of error). Cohen’s kappa inter-rater reliability
was 0.43, requiring deliberation with M.A.P. as an arbitrator
for extended disputes, which resulted in two additional arti-
cles. R.B.S subsequently reviewed 183 articles that yielded
Cohen’s kappa of 0.46. Another deliberation session did not
add any more articles to the systematic review, yielding 26
articles (Fig. 1).

Assessing Risk of Bias for Relevant Records
To assess the quality of each study, we employed the

National Heart, Lung, and Blood Institute’s (NHLBI)
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Quality Assessment of Controlled Intervention Studies or
the NHLBI’s Quality Assessment Tool for Before-After
(Pre-Post) Studies With No Control Group, depending on
the nature of the given study. We assessed the quality of
each study by calculating the proportion of answers that
were determined “Yes”, excluding questions that were not
applicable to the study.

Data Collected for Systematic Review

We collected the sample size of each treatment group; pro-
portion of individuals dependent on alcohol, nicotine, can-
nabis, opioids, stimulants, depressants, or other substances
(e.g., anxiolytics); hours/week of intervention; total duration
of intervention; number of weeks follow-up visit(s) were
conducted after the end of the intervention; and the summary
results regarding substance use and ER outcomes.

Substance Misuse and ER Data Collected
for Meta-Analysis

With diverse substance use and ER measures, we curated
all available pre/post measures for substance use and ER
(Online Resource 2) [38].
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Records from PUBMED (n = 373)

Screening titles and abstracts

(n=

313)

Y

Excluded by Rayyan (n = 60, labels not mutually exclusive):
review (n = 34)
animal study (n = 11)
not English (n = 9)
systematic review (n = 7)
case report (n = 4)
meta analysis (n = 3)
comment (n = 1)
editorial (n = 1)
observational study (n = 1)
twin study (n = 1)

Detailed evaluation (n = 105)

Records excluded (n = 208):

No emotion regulation or music therapy intervention (n = 132)
Population not primarily or secondarily substance abuse/dependence (n = 49)
Aims and no results (n = 6)

Not English (n = 6)

Intervention is medication only (n = 4)

Only qualitative data collected (n = 4)

No pre/post comparison (n = 3)

Case report (n=1)

Cross-sectional study (n = 1)

Meta analysis (n = 1)

Review (n = 1)

4

Records Included for Systematic
Review (n = 26)

Records excluded (n = 79):
No study-based intervention (n = 53)
No substance abuse analysis (n = 11)

No pre/post comparison (n = 5)
Aims and no results (n = 3)
Analysis based on composite variable not containing substance dependence (n = 1)
Intervention is medication only (n = 1)
Main focus is survey development (n = 1)
Not an emotion regulation intervention (n = 1)
Not English (n = 1)
Review (n = 1)
Treatment type factored as covariate in analysis (n = 1)

Y A
Records Records
Included Included for

for Reduction of lmprovement in
Emotion
Substance Use Regulation
Meta-Analysis 9 .
= Meta-Analysis
i) (n=11)

A 4

Records Excluded for Reduction of Substance Use Meta-Analysis (n = 16):
No explicitly reported pre/post measures (n = 5)
Pre/post statistics only reported in graphical format (n = 3)
No explicitly reported standard deviation (n = 2)
No hours/week intervention and/or mean age reported (n = 2)
Pre/post statistics reported as median/IQR (n = 1)
Pre/post statistics stratified by binarized emotion regulation measures (n = 1)
Pre/post stratified by completers versus non-completers (n = 1)
Excluded by GOSH-informed K-means-detected outliers (n = 1)

Records Excluded for Reduction of Improvement in Emotion Regulation Meta-Analysis
(n=15):
No explicitly reported pre/post measures (n = 6)
Pre/post statistics only reported in graphical format (n = 3)
No hours/week intervention and/or mean age reported (n = 3)
Pre/post statistics reported as median/IQR (n = 1)
Pre/post statistics stratified by completers versus non-completers (n = 1)
Excluded by GOSH-informed DBSCAN-detected outliers (n = 1)
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«Fig. 1 PRISMA Flowchart for the determination of studies that
involve substance-dependence and involve an emotion-regulation
intervention for systematic review and meta-analyses. DBSCAN:
Density-Based Spatial Clustering of Applications with Noise; GOSH:
Graphical Display of Study Heterogeneity; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

Effect Size Calculations

We used the standardized mean difference calculation,
Hedges’ g, between follow-up and baseline visits for sub-
stance-related and ER measures, as this measure is effective
at correcting for sample sizes smaller than 50 [39]. We inter-
preted effect sizes of 0.2, 0.5, and 0.8 as small, medium, and
large, respectively [40]. We estimated unreported standard
deviations by dividing the range by four [41].

Categorizations for the Meta-Analysis

We employed four top-level categorizations for our meta-
analysis: reduction in substance use outcomes for ER inter-
ventions (RSUERI), reduction in substance use outcomes
for control interventions (RSUCI), improvement in ER out-
comes for ER interventions (IERERI), and improvement in
ER outcomes for control interventions (IERCI) (Table 2).
Within control interventions, we included treatment as
usual (TAU) and health-education interventions (HEI) as
two subcategories for RSUCI (RSUTAU and RSUHEI), and
for IERCI (IERTAU and IERHEI) (Table 2).

Reducing Statistical Between-Observation
Heterogeneity

We used Graphical display Of Study Heterogeneity
(GOSH)-informed outlier detection method for reduction
of pre/post observation heterogeneity. We chose Cochran’s
Q to be the heterogeneity measure, and employed three
different GOSH clustering approaches: K-means, Den-
sity-Based Spatial Clustering of Applications with Noise
(DBSCAN), and Gaussian Mixture Model (GMM) [42].
GOSH analysis estimates the pooled effect size and the
12-heterogeneity value for one million combinations where
a random set of effect size observations are removed, and
the clustering approach groups the observations and deter-
mines outliers that need to be removed.

To determine the optimal number of clusters for the
K-means approach, we randomly selected statistically rep-
resentative samples from one million observations based on
95% confidence and 5% margin of error, 385 samples, and
ran 13 different K-means clusterings from two clusters to 14
clusters. The clustering that yielded the highest Silhouette
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Index was used towards determining the outliers and the
associated studies that needed to be removed [43ee].

We used previous literature to inform what hyperparam-
eters to use for DBSCAN clustering [44]. To determine the
minimum number of points for each cluster, we did twice the
number of input dimensions, entailing four minimum points.
For the epsilon distance parameter, the recommendation is
to find the four closest points by Euclidean distance to each
observation; calculate the average distance from those four
points; graph the average distances from all observations in
ascending order; and determine the y-value where the graph
starts to sharply increase. Since the observation space is one
million meaning exhausting all combinations would mean
one trillion computations, we chose 385 samples and assessed
the closest four points from another random sample of 385
observations. Our epsilon parameters for RSUERI, RSUCI,
IERERI, and IERCI were 1.56, 1.04, 0.20, and 0.64 respec-
tively. Lastly, GMM does not have any input parameters.

From each of these three algorithms, we removed out-
lier observations from our downstream meta-analyses. Our
results for heterogeneity before and after GOSH-informed
outlier removal can be found in Online Resource 3.

Final data for our meta-analysis included 50 pre/post
effect size observations across 10 studies for RSUERI, 22
observations across 4 studies for RSUCI, 79 observations
across 11 studies for IERERI, and 120 observations across
6 studies for IERCI.

Assessing Publication Bias

We determined any small-study effects in our surviving pre/
post effect sizes for RSUERI and IERERI by 1) visually
observing funnel plots for asymmetry [45], 2) employing
Duval and Tweedie’s Trim and Fill method to analytically
assess asymmetry [46], 3) conducting Egger’s regression
test for another analytical assessment of asymmetry [47], 4)
conducting Riicker’s Limit Meta-Analysis Method to address
small study effects [48], and 5) conducting p-curve analysis
to determine the right-skewness and flatness of the reported
pre/post measurement p-values [49].

Meta-Analysis Approach

Because the data we have collected yields multiple effect
size measures per study and involves a diversity of validated
measures to explore different facets of change in substance
use and ER outcomes, we found a divergent integrative
approach to be most appropriate for our meta-analysis as
we are interested in an exploratory analysis to address mul-
tiple research questions [25]. We asked 38 questions regard-
ing our pre/post effect size data, and employed three-level
meta-analyses and meta-regressions to answer these ques-
tions (Table 3).
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Table 2 Glossary of the categories we created for our meta-analyses

Category Subcategories

RSUERI: observations involving reduction in substance use (e.g., NA
inverse cigarettes per day, inverse of Penn Alcohol Craving Scale) from
emotion-regulation interventions (e.g. cognitive behavioral therapy,

dialectical behavior therapy, mindfulness-based interventions)
RSUCIT: observations involving reduction in substance use from control

interventions (e.g., inpatient/outpatient substance abuse rehabilitation,
Women’s Health Education intervention)

RSUTAU: observations involving reduction in substance use from
treatment as usual control groups (e.g., inpatient/outpatient sub-
stance abuse rehabilitation)

RSUHEI: observations involving reduction in substance use from
health-education intervention control groups (e.g., Women’s Health
Education, neurobiology of addiction psychoeducation control)

IERERI: observations involving improvement in emotion regulations NA
(e.g., inverse of Difficulties of Emotion Regulation Scale, Five Facet

Mindfulness) from emotion-regulation interventions

IERCI: observations involving improvement in emotion regulation from IERTAU: observations involving improvement in emotion regulation
control interventions from treatment as usual control groups

IERHEI: observations involving improvement in emotion regulation
from health-education intervention control groups

IERCI Improvement in Emotion Regulation from Control Interventions, /JERERI Improvement in Emotion Regulation from Emotion-Regulation
Interventions, /JERHEI Improvement in Emotion Regulation from Health-Education Interventions, /JERTAU Improvement in Emotion Regulation
from Treatment as Usual interventions, RSUCI Reduction in Substance Use from Control Interventions, RSUERI Reduction in Substance Use
from Emotion-Regulation Interventions, RSUHEI Reduction in Substance Use from Health-Education Interventions, RSUTAU Reduction in Sub-

stance Use from Treatment as Usual interventions

Since a given intervention in a study can have multiple
reported effect sizes for substance use or emotion regulation,
effect sizes across study and intervention are aggregated to
ensure interpretability of resulting forest plots, yielding 13
pooled effect sizes for RSUERI study/intervention combi-
nations, 8 pooled effect sizes for RSUCI study/intervention
combinations, 14 pooled effect sizes for IERERI, and 10
pooled effect sizes for [IERCI [50]. Such aggregation resulted
in non-significant differences between pooled effect sizes
when aggregating the effect sizes versus not aggregating the
effect sizes (RSUERI: p = 0.99; RSUCI: p = 0.99; IERERI:
p = 0.93; IERCI: p = 0.97) (Online Resource 4).

For our exploratory meta-regressions, we employed inde-
pendent variables of age due to developmental effects and
previously validated findings on the impact of age on ER
and SUDs [9, 11ee], sex based on unique comorbidities with
PTSD [12e, 13e], substance type to investigate potentially
unique substance-related effects to ER and substance use
[14], intervention length and frequency as previous literature
has demonstrated the significant impact of these variables
on a broad range of psychiatric outcomes [S1ee, 52ee 53e
54], ER intervention type if there was little imbalance in
observations from that interventions versus not (e.g., CBT-
related effect sizes constituted half the observations), and
study design and quality to account for methodological
contributions.

Our technical methods involved the inverse variance
method with a restricted maximum-likelihood estimator
(ReML) and Hartung-Knapp adjustment, and we did not

apply robust variance estimation as previous simulation
studies have demonstrated that three-level and four-level
meta-analyses can address potentially dependent effect sizes
measured within the same study [50, 55, 56e, 57, 58]. Our
analysis also involved linear and quadratic regressions to
assess the influence of time after post-intervention on effect
sizes, and included quadratic regression as previous litera-
ture has demonstrated that substance use measures follow an
inverted U-curve quadratic equation from the start to the end
of treatment [59, 60]. The better performing regression (lin-
ear or quadratic) was subsequently employed as an interac-
tion variable in the subgroup and meta-regression analyses.
We used the R packages meta, metafor, and dmetar through-
out our meta-analyses.

Results
Summary Information of Relevant Studies

We identified 26 relevant records for our review [61-69,
70ee, 71-73, 7400 75-78, 79ee, 80, 81ee, 82, 83, 84ee 85,
86e¢]. Of them, five studies conducted CBT intervention
[61, 69, 72, 83, 84ee]; eight involved DBT intervention [62,
64, 65,77, 78, 81ee, 82, 86ee]; five involved mindfulness-
based interventions [70ee, 73, 75, 80, 85]; two examined the
effects of moment-based interventions [63, 68]; two involved
cognitive reappraisal intervention [71, 74ee]; and one each
involving interpersonal therapy [66], concurrent treatment
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with prolonged exposure [67], integrated intervention pro-
gram for alcoholism [76], and affect management therapy
[79e¢]. While music therapy is an ER intervention that has
been demonstrated to improve patients with depression and
PTSD [33e, 34¢, 35], we found no studies involving SUD or
substance-dependent patients. Alcohol, nicotine, cannabis,
opioid, stimulant, depressant, other, and unspecified sub-
stance dependence comprised 73.1% (19/26) [62-64, 66, 69,
70ee 72,73, T4ee 75-78, 80, 81ee 82 84ee 85 §Oee],
19.2% (5/26) [61, 65, 68, 71, 83], 30.8% (8/26) [62, 63, 73,
75,717,179, 80, 86ee], 38.5% (10/26) [62, 63, 65,73, 75, 77,
80, 81ee, 85, 86ee], 38.5% (10/26) [62, 63, 73, 75, 77, 80,
8lee, 82, 85, 86ee], 26.9% (7/26) [62, 63, 73, 75, 80, 82,
85], 11.5% (3/26) [63, 75, 86], and 3.8% (1/26) [67] of the
included studies, respectively. Further details regarding each
study can be found in Table 4.

According to the NHLBI Quality Assessment of Con-
trolled Intervention Studies, 14 randomized controlled trials
studies showed a mean proportion of checklist met of 0.76
(SD = 0.18), and 12 pre-post studies demonstrated a mean
proportion of checklist met of 0.55 (SD = 0.08) through the
NHLBI Quality Assessment for Before-After Studies with
No Control Group (Online Resources 5 and 6).

Cognitive Behavioral Therapy (CBT)

Three CBT studies involved alcohol-dependent participants
and two studies involved nicotine-dependent participants,
where four studies demonstrated reductions in substance use
[61, 69, 72, 83], and one study demonstrated improvements
in ER [69].

One study reported reduced daily ethanol consumption
and increased abstinence days. While cue-induced crav-
ing decreased generally, relapsers demonstrated higher cue-
induced craving than abstainers from pre- to post-treatment
(3 weeks) [72]. However, this effect was not observed with
skin conductance response [72], a reliable measure of emotion
reactivity [87-89]. Another study that employed CBT in alco-
hol users showed that the affective startle response (measured
by startle eyeblink electromyography in the right orbicularis
oculi region and used as a measure of emotional processing
of salient stimuli [90-95]) demonstrated a significantly higher
startle response to aversive stimuli in the abstinent compared
to the relapse group and that unlike relapsers who showed no
change, there was a significant decrease in the startle response
to aversive cues throughout treatment in abstainers [69]. Lastly,
a study comparing CBT with sleep hygiene did not report dif-
ferences in daily ethanol consumption [84ee].

The first study involving nicotine-dependent participants
employed a cognitive-behavioral smoking cessation program
and a panic-smoking program. The results showed that com-
pared to individuals with lower baseline score on Difficulties

in Emotion Regulation Scale (DERS), those with higher
DERS scores exhibited greater early withdrawal symptoms
(measured via the Minnesota Nicotine Withdrawal Scale), a
steeper quadratic-curve slope in withdrawal symptoms, and
higher withdrawal symptoms at eight weeks post-treatment
[61]. The second study in nicotine-dependent participants
compared the effects of CBT combined with either Emo-
tion Regulation Treatment (ERT) or Health and Lifestyle
Intervention (HLS). At two months post-intervention, there
were less cigarettes per day (CPD) and higher scores on the
Smoking Self-efficacy Questionnaire (SSEQ) in the CBT
and ERT group, but these findings did not persist at four
months. There was no significant difference in relapse rates
between those that received CBT and ERT versus those who
received CBT and HLS. Moreover, there were no differences
in CPD, Fagerstrom Test for Nicotine Dependence (FTND),
SSEQ, 7-day Point Prevalence Abstinence, and relapse rates
between treatment completers and non-completers [83].

Dialectical Behavior Therapy (DBT)

Across eight DBT intervention studies, seven studies showed
reductions in substance use [62, 64, 65,77, 78, 81, 82], and
six studies showed improvements in ER [62, 64, 65, 77, 82,
86ee].

In studies involving DBT for alcohol-dependent partici-
pants, one study found a significant increase in consecu-
tive days of abstinence and improvement in the Shorter
Promis Questionnaire (SPQ) alcohol subscale [64]. While
there were improvements in DBT skills use and reduction
in DERS, there was no significant reduction in the dysfunc-
tion coping subscale for the DBT Ways of Coping Checklist
[64]. Another study in alcohol-dependent participants found
significant improvements in the Addiction Severity Index
(ASI) alcohol subscale scores in DBT treatment completers
versus treatment non-completers, and a significant increase
in DERS for treatment non-completers [78].

In participants with nicotine and opioid dependence, there
was a significant reduction in CPD smoked, carbon monox-
ide levels, and nicotine withdrawal measured by the FTND
[65]. However, there were no significant improvements in
the Kentucky Inventory of Mindfulness Scale (KIMS), Dis-
tress Tolerance Scale (DTS), and DERS [65].

In participants with alcohol, opioids, and/or stimulant
use, a lower proportion of participants reported weekly
substance use and demonstrated significant improvement
in DERS in the DBT arm compared to those in TAU [77].
Another study with a similar population showed a significant
DBT-related reduction in Brief Addiction Monitor-Revised
(BAM-R) risk factors, an increase in BAM-R protective fac-
tors, and a reduction in DERS [81ee]. In the third study with
the similar sample characteristic, DBT was found to signifi-
cantly reduce the ASI substance subscale score, Negative
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Mood Regulation Scale (NMRS) total score, and NMRS
general score, across multiple time points [82].

Similarly, in individuals with polysubstance use, one
study showed a significant DBT-related decrease in the
proportion of participants who used alcohol and other sub-
stances (e.g., cocaine, heroin, ecstasy) across two time points
12 months apart [62]. There were also reductions in DBT
dysfunction coping subscale and DERS, and improvements
in DBT skills use and the Five Facet Mindfulness Question-
naire (FFMQ) measure [62]. Another study in polysubstance
users observed no significant relationship between relapse
status and treatment completion. Throughout the DBT skills
use intervention, there were significant reductions in DERS
and UPPS-P negative and positive urgency subscales, and
significant improvements in FFMQ and DTS [86ee].

Mindfulness-Based Interventions (MBI)

Several studies have used the Mindful Awareness in Body-
oriented Therapy (MABT) intervention in individuals with
substance misuse and use disorders, with four studies show-
ing reductions in substance use and improvements in ER [70,
73, 80, 85]. For example, a study on participants with alco-
hol, cannabis, opioid, stimulant, and/or depressant-depend-
ent participants compared the effects of MABT, Women’s
Health Education (WHE), and TAU. The study reported
that while both MABT and WHE outperformed TAU in
increased number of abstinence days and reduced Penn
Alcohol Craving Score (PACS), MABT outperformed both
WHE and TAU on decreased respiratory sinus arrhythmia
(RSA), a proxy measure of emotion dysregulation [96-98],
reduction in DERS, increase in Freiburg Mindfulness Inven-
tory (FMI), and increase in Multidimensional Assessment of
Interoceptive Awareness (MAIA) at 3 and 6-months follow-
up post-intervention [73]. Improvement in abstinence with
MABT and WHE, compared to TAU, was also reported by
another study [80]. Similarly, this study also showed greater
MABT-related reduction in DERS, film-reactivity RSA,
body-awareness RSA, and 3-month post-intervention FMI
compared to WHE and TAU in the ID analysis, and in tonic
RSA and all MAIA subscales in the ITT analysis [80].

In a sample involving participants with alcohol, canna-
bis, opioids, stimulants, and/or other substance dependence,
similar results were reported such that the MABT group
reported a significantly higher percentage of days abstinent
at three months, compared to those in TAU, which remained
high at nine months [85]. For emotion regulation outcome
measures, the study reported a significant improvement in
DERS for MABT compared to TAU at 3 and 6-months,
a significant reduction in DERS Control Difficulties and
DERS Limited Strategies only at six months, and no sig-
nificant improvement in PANAS scores [85]. One study that
used Mindfulness-Oriented Recovery Enhancement found

no significant difference in reduction in PACS, compared
to TAU in a sample of participants with a diverse set of
substance dependence [75].

A study used a mindfulness-training app over two weeks
and reported improvements in the frequency of alcohol use,
alcohol problems, PACS score, posttraumatic stress dis-
order (PTSD)-subscale re-experiencing, PTSD-subscale
avoidance, PTSD-subscale negative alterations in mood,
PTSD-subscale hyperarousal, and PTSD-subscale expressive
suppression. However, there was no significant reduction in
PTSD-subscale reappraisal [70ee].

Moment-Based Interventions

With two studies employing Moment-Based Interventions,
one demonstrated improvement in substance use and ER
[63].

Statistically significant improvements in PACS, FFMQ,
DTS, and DERS were observed from before to after
Moment-to-Moment in Women’s Recovery intervention in
women with alcohol, cannabis, opioids, stimulants, depres-
sants, and/or other substances misuse or dependence [63].
However, another study found no difference in Minnesota
Nicotine Withdrawal Scale score in individuals in the Pre-
sent Moment Attention and Awareness intervention group
compared to those in cope-as-usual group [68].

Cognitive Reappraisal

Two studies employing cognitive reappraisal strategies saw
reductions in substance use [71, 74ee], but none saw or
measured improvements in ER.

In a study that examined the effects of defusion, reap-
praisal, and suppression, different components of the
Acceptance and Commitment Therapy, on nicotine-
dependent participants, a significant reduction in nicotine
use and increase in abstinence duration before participants
smoked again [assessed via timeline followback (TLFB)]
were observed in defusion and reappraisal, but not in
suppression. The study also reported that the decrease in
cue-induced craving measures was driven by reappraisal
and suppression, and the decrease in SSEQ over time was
driven by defusion but not reappraisal or suppression.
However, none of these strategies showed reductions in
negative affect over time [71]. In another study with a
cognitive reappraisal intervention in alcohol-dependent
participants, an inverse relationship between alcohol use
severity [i.e., Alcohol Use Disorders Identification Test
(AUDIT) score] and alcohol craving [assessed via the
Alcohol Craving Questionnaire short-form revised (ACQ-
SF)] was observed, where lower initial alcohol use sever-
ity indicated a larger reduction in craving throughout the
intervention [74ee].
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Other Interventions

For other ER interventions, four studies saw improvements
in substance use [66, 67, 76, 79], and three studies saw
improvements in ER [67, 76, 79ee].

A study that conducted 4-month interpersonal therapy
or TAU on alcohol-dependent participants observed higher
rates of abstinence across both groups post-treatment com-
pared to pre-treatment initiation [66].

A study that compared groups who underwent Con-
current Treatment with Prolonged Exposure (COPE; an
emotion-regulation intervention) [99], Relapse Prevention
Therapy (RPT; a cognitive behavioral intervention) [100],
and Active Monitoring (AM; control group), showed that
participants with higher DERS in COPE and RPT, relative
to AM, had lower substance use days, while no difference
in substance use days was observed between participants
in COPE and RPT groups [67]. However, participants with
lower DERS in RPT relative to both COPE and AM had
significantly lower substance use days, while there was no
difference between COPE and AM [67].

Alcohol-dependent participants demonstrated lower
relapse rates and higher abstinence periods in the Integrated
Intervention Program for Alcoholism compared to TAU.
For emotion regulation outcomes, there was a significant
improvement in the Affect Regulation Checklist, Stroop
color-word inference test performance (a behavioral meas-
ure of inhibitory control which is associated with emotion
dysregulation) [101, 102e], and scores on the Game of Dice
Task (a behavioral measure of risk-taking, which has also
been demonstrated to be influenced by emotion processing)
[103e], in the Integrated Intervention Program for Alcohol-
ism group compared to the control group [76].

Cannabis-dependent participants who underwent Affect
Management Therapy showed improvements in total number
of times cannabis used, average number of times used on
cannabis use days, peak fear during hyperventilation, and
distress rating from the mirror-tracing task while those who
underwent CBT did not see improvements on those meas-
ures [79e¢]. Between-group differences showed significantly
greater improvement in PANAS-N, distress rating from the
mirror-tracing task, DERS, UPPS negative urgency, and
ERQ-R in the Affect Management Therapy compared to
the CBT group [79ee].

Publication Bias

Our contour-enhanced funnel plots demonstrated no
apparent asymmetry for both RSUERI and IERERI pre/
post effect sizes, where the Trim and Fill method imputed
12 and 0 observations for RSUERI and IERERI, respec-
tively (Fig. 2). We saw no significant asymmetry from
Egger’s regression test for RSUERI (bias = 1.4408, SE,;,,

@ Springer

= 0.8010, py;,s = 0.0784) and significant asymmetry for
IERERI (bias = 9.2430, SE,;, = 2.7766, py;,, = 0.0013).
Our Riicker’s Limit Meta-Analysis Method yielded no sig-
nificant small-study effects for RSUERI (Q-Q’ =2.62, p =
0.1053) and a significant effect for IERERI (Q-Q’ = 8.19,
p = 0.0042). Although this is the case, the adjusted pooled
effect size from Riicker’s Limit Meta-Analysis Method
lost significance for RSUERI (g,gjyseq = -0-0615, CI =
[-0.8676, 0.7446], p = 0.8812) but maintained significance
for IERERT but in the opposite direction (g,gjuseq = 0-5963,
CI =[0.4752, 0.7173], p < 0.0001).

P-curve analysis demonstrated that most three right-
skewness tests are significant for RSUERI (py;pomial =
0.363, psu = 0.019, ppyr = 0.004) and IERERI (pyinomial =
0.035, pgy; = 0.004, ppye = 0.051). In addition, none of the
three flatness tests were significant for RSUERI (py;,omial
=0.412, pgy = 0.577, ppage = 0.999) and IERERI (Py;ipomial
= 0.932, pgyy = 0.753, ppas = 0.998). Significant results
for all right-skewness tests and no significant results for
all flatness tests demonstrate that selective reporting does
not dominate our meta-analysis pre/post effect sizes.

RSUERI does not demonstrate heterogeneity, signifi-
cant small study effects, nor results dominated by selective
reporting. While IERERI does have heterogeneity, signifi-
cant small study effects, its results are not dominated by
selective reporting and did not need imputations from the
Trim and Fill method. These observations inform our deci-
sion not to weight pre/post observations by publication
bias for our meta-analysis.

Time-Dependent Contribution to Effect Sizes

For RSUERI, the linear regression (b = 0.0074, SE =
0.0046, p = 0.1175, AICc = 54.5887) performed better
than the quadratic regression (b = 0.0001, SE = 0.0001,
p =0.1814, AICc = 55.0648). Similarly, for IERERI, the
linear regression (b = -0.0048, SE = 0.0097, p = 0.6254,
AICc = 173.6793) performed better than the quadratic
regression (b = -0.0001, SE = 0.0003, p = 0.6101, AICc
= 173.9122). Even though none of the results were signifi-
cant, we used the time after follow-up variable in subse-
quent regressions as a potential interaction effect variable.

Pooled Effect Size and Subgroup Analyses

While RSUERI demonstrated a significant moderate-to-
large effect size (g,401cq = 0.6133, SE = 0.1159, p = 0.0002),
RSUCI displayed a non-significant but large effect size
(8pootea = 1.4187, SE = 0.8585, p = 0.1424). No signifi-
cant differences in pooled effect sizes were found between
RSUERI and RSUCIT (estimate = -0.2225, SE = 0.1556, p =
0.1572), but the variance explained was significant (F; ¢ =
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Fig.2 Funnel Plots to assess publication bias with and without Duval
and Tweedie’s Trim and Fill method imputed observations (unfilled
circles) for a) reduction in substance use in emotion-regulation
intervention groups (RSUERI) without trim and fill imputation,

6.8726, p = 0.0004). RSUHEI, a subgroup within RSUCI,
demonstrated a greater pooled effect size than RSUTAU,
another subgroup within RSUCI (estimate = 0.5918, SE
= 0.1806, p = 0.0042), and the binary-variable regression
exercised significant explained variance (F; 3 = 8.9772, p
= 0.0007). When RSUERI was compared separately with
RSUTAU, the comparison displayed significant variance
(F3 53 = 5.5912, p = 0.0021), but the subgroup regression
was not statistically significant (estimate = -0.1164, SE =
0.1916, p = 0.5461).

Our three-level meta-analysis demonstrates that there is
a moderate-to-large pooled effect size for IERERI (g,1cq
= 0.8232, SE = 0.2472, p = 0.0054) and a large but non-
significant pooled effect size for IERCI (g,40eq = 0.9532,
SE = 0.5591, p = 0.1224). Our subgroup analysis between
IERERI and IERCI indicates difference that trended towards
significance (estimate = -0.2495, SE = 0.1277, p = 0.0523),
which was driven by significance between IERERI and IER-
TAU (estimate = -0.3729, SE = 0.1520, p = 0.0153), and not
by differences between IERHEI versus IERTAU (estimate =
-0.0805, SE = 0.1720, p = 0.6405).

The total reporting of pre/post effect sizes can be seen in
Figs. 3 and 4.

b) Contour-Enhanced Trim and Fill Funnel Plot for
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b) RSUERI observations with trim and fill imputation, ¢) improve-
ment in emotion regulation in emotion-regulation intervention groups
(IERERI) without trim and fill imputation, and d) IERCI observations
with trim-and-fill imputation

Contribution of Study Conditions on Effect Size

Meta-regressions under RSUERI yielded CBT interven-
tion as a significant predictor, which did not survive mul-
tiple-comparisons correction (b = -0.3800, SE = 0.1834,
Puncorrected = 0.0439, PFDR-corrected = 0.3758). The same
situation was observed for the time interaction with the
proportion of NHLBI quality checklist items met (b =
'00480» SE = 00233» Puncorrected = 00451’ PEDR-corrected
= 0.3758). Similarly, meta-regressions under IERERI
yielded three significant predictors; however, they also
did not survive multiple-comparisons correction: total
duration of the intervention (b = -0.0381, SE = 0.0178,
Puncorrected = 00354’ PFDR-corrected = 04405)’ pI'OpOI'tiOIl
of cannabis-dependent participants (b = 0.0277, SE =
0.0106, pyncorrected = 0-0107, Prpr-corrected = 0-1962), and
proportion of depressant-dependent participants (b =
'0-02627 SE = 000927 Puncorrected = 00055’ PFDR-corrected
= 0.1513) (Table 5).

The only meta-regression that remained statistically sig-
nificant after multiple-comparisons correction was the posi-
tive influence mindfulness-based interventions had on the
improvement in ER effect size (b = 2.3981, SE = 0.4381,
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a) Reduction in Substance Use
from Emotion-Regulation Interventions

Study and Intervention Estimate [95% CI]

Rogers (2019, CBT) [ ] -0.07 [-0.28, 0.13]
Garland (2016, CBT) - 0.25[-0.10, 0.60]
Bradizza (2017, HLI+CBT) o 0.28 [-0.28, 0.84]
Price (2017, MBIHTT) Y 0.48[0.15, 0.81]
Cavicchioli (2019, DBT) ] 0.62[ 0.35, 0.90]
Courbasson (2011, DBT) —— 0.63[-0.36, 1.63]
Price (2017, MBI-ID) e 0.63[0.22, 1.05]
Price (2019, MBI) L 0.63[0.30, 0.96]
Wolitzky-Taylor (2022, AMT) — 0.80[0.01, 1.59]
Wolitzky-Taylor (2022, CBT) —— 0.89[0.18, 1.61]
Beadman (2015, CR) e 0.98[0.39, 1.57]
Bradizza (2017, ERT+CBT) e 1.01[0.43, 1.60]
Byllesby (2023, DBT) I 1.22[0.96, 1.48]
RE Model e 0.61[0.36, 0.87]

mrrn

05 1 2

Observed Outcome

Fig.3 Forest plot, stratified by study and intervention, for three-
level meta-analyses for reduction in substance use in the a) emotion-
regulation intervention (RSUERI) group and b) control intervention
(RSUCI) group. AMT: affect management therapy; CBT: cognitive
behavioral therapy; CI: confidence interval, CR: cognitive reap-
praisal; DBT: dialectical behavior therapy; ERT+CBT: Emotion
Regulation Treatment and Cognitive Behavioral Therapy; HLI+CBT:
Health and Lifestyle Intervention and Cognitive Behavioral Therapy;
MBI: Mindfulness-Based Intervention; MBI-ID: Mindfulness-Based

PeDR-corrected < 0-0001) (Table 5). No other study variable or
time interaction variable significantly influenced IERERI or
RSUERI before and after multiple comparisons correction
(Table 5).

Discussion

Given the humbling success rate of current SUD rehabilita-
tion services ranging from 40% to 60% [104ee, 105, 106],
and the recent increase in the implementation of ER inter-
vention for SUD rehabilitation, we investigated the effec-
tiveness of ER interventions on substance use and ER out-
comes in this systematic review and meta-analysis. Such an
examination is clinically significant as emotion dysregula-
tion is implicated as a key risk factor for SUDs, and ER
interventions have broad applicability for anxiety, depres-
sion, borderline personality disorder, eating disorders, and
SUDs [107-109].

Our meta-analyses demonstrated significant pooled effect
sizes in the reduction in substance use and improvement in
ER for ER interventions, and nonsignificant pooled effect
sizes for control interventions. The control interventions
showed increased variability in effect sizes across pre/post

@ Springer

b) Reduction in Substance Use
from Control Interventions

Study and Intervention Estimate [95% CI]

Price (2019, TAU) - 0.01[-0.33, 0.35]
Price (2017, TAU-ITT) - 0.21[-0.13, 0.55]
Price (2017, TAU-ID) »n 0.21[-0.13, 0.55]
Price (2017, WHE-ITT) . 0.57[0.15, 0.99]
Price (2019, WHE) - 0.69[0.26, 1.11]
Price (2017, WHE-ID) me 0.85[0.33, 1.37]
Garland (2016, TAU) s 0.99 [ 0.58, 1.40]
Black (2019, NAP) i e 4.00[3.52, 4.48]
RE Model A —mm—— . » 1,42 [0.61, 3.45]

I

4042 345

Observed Outcome

Intervention Intervention-Dose analysis; MBI-ITT: Mindfulness-
Based Intervention Intent-to-Treat analysis; NAP: Neurobiology of
Addiction Psychoeducation; RE: random effects; TAU: Treatment
as Usual; TAU-ID: Treatment as Usual Intervention-Dose analysis;
TAU-ITT: Treatment as Usual Intent-to-Treat analysis; WHE: Wom-
en’s Health Education; WHE-ID: Women’s Health Education Inter-
vention-Dose analysis; WHE-ITT: Women’s Health Education Intent-
to-Treat analysis

observations, perhaps due to substantial heterogeneity in the
operationalization of inpatient and outpatient rehabilitation
services, which is non-specifically termed as TAU [110ee,
111]. The relatively reduced variation in effect sizes as well
as significant explained variance in subgroup analyses in ER
interventions for reduction in substance use suggests that
ER interventions show more consistent outcomes compared
to control interventions. The explained variance for reduc-
tion in substance use was significant in the ER relative to
control intervention subgroup model, but the difference was
not statistically significant. In contrast, for ER measures, we
found that the ERI versus TAU meta-regression significantly
predicted the effect size and significantly explained the vari-
ance in effect sizes. Subgroup analyses also suggested that
health-education intervention may have a prominent effect
on reduction in substance use, similar to health-education
interventions helping prevent SUDs when studied in an ado-
lescent population [112e, 113].

We also observed a lack of heterogeneity, small study
effects, and selective reporting across reduction in substance
use effect sizes, increasing our confidence that our meta-
analysis was not corrupted by potential publication bias.
Since we observed heterogeneity and small study effects in
the ER effect sizes, we recommend ER intervention studies



Current Addiction Reports (2024) 11:622-653

645

a) Improvement in Emotion Regulation
from Emotion-Regulation Interventions

Study and Intervention Estimate [95% CI]

Courbasson (2011, DBT) — -0.75 [-1.57, 0.07]
Garland (2016, CBT) E D -0.12 [-0.46, 0.23]
Cavicchioli (2019, DBT) - -0.01 [-0.28, 0.25]
Price (2017, MBI-ITT) i 0.39[0.06, 0.71]
Price (2019, MBI) 3 0.40[0.07,0.73]
Price (2017, MBI-ID) .- 0.47 [ 0.05, 0.88]
Cavicchioli (2023, DBT) v 0.55[0.02, 1.08]
Price (2011, MBI) L —— 0.90[0.33, 1.48]
Wolitzky-Taylor (2022, CBT) D 1.00[0.28, 1.71]
Kumar (2019, IIPA) a—— 1.18[0.58, 1.78]
Axelrod (2010, DBT) e 1.21[0.51, 1.91]
Wolitzky-Taylor (2022, AMT) P 1.43[0.58, 2.28]
Black (2019, MoBlI) - 1.94 [ 1.60, 2.27]
Garland (2016, MBI) —m—  2.98[247,3.49]
RE Model b — 0.82[0.29, 1.36]

T T 1T T 1T

2 4 0 1 2 38 4

Observed Outcome

Fig.4 Forest plot, stratified by study and intervention, for three-
level meta-analysis for improvement in emotion regulation in the
a) emotion-regulation intervention (IERERI) group and b) control
intervention (IERCI) group. AMT: affect management therapy; CBT:
cognitive behavioral therapy; CI: confidence interval; CR: cognitive
reappraisal; DBT: dialectical behavior therapy; ERT+CBT: Emotion
Regulation Treatment and Cognitive Behavioral Therapy; HLI+CBT:
Health and Lifestyle Intervention and Cognitive Behavioral Therapy;
MBI: Mindfulness-Based Intervention; MBI-ID: Mindfulness-Based

of larger sample size so that non-significant findings can be
reported. With our studies averaging a sample size of 91+63
individuals, we recommend future studies to involve at least
200 participants.

Across our exploratory meta-analyses, we found five
significant predictors of the improvement in substance use
and ER effect size. Of them, only MBIs predicting improve-
ment in ER survived multiple comparisons correction. This
finding is consistent with our systematic review, such that
across MBI studies conducted on participants dependent on
a diverse range of substances [73, 75, 80, 85], we found that
three studies that reported a reduction in DERS [73, 80, 85],
two showed improvement in mindfulness [73, 80], and two
studies demonstrated improvement in emotion dysregula-
tion in the MBI group compared to TAU assessed via the
RSA measurements [73, 80]. While our meta-regression did
not find MBIs contributing to RSUERI, two studies demon-
strated improvements in abstinence and two reported sig-
nificant improvements in craving. Importantly, MBIs have
the advantage of being implementable in clinical settings
[114], schools [115], and workplaces [116], are cost-effec-
tive, and require less training compared to other techniques,
such as CBT [117]. In addition, our included MBI studies
involved sound study designs, such that three out of five

b) Improvement in Emotion Regulation
from Control Interventions

Study and Intervention Estimate [95% CI]

Price (2017, WHE-ID)
Price (2019, WHE)
Price (2017, TAU-ITT)
Price (2017, TAU-ID)
Kumar (2019, TAU)
Price (2017, WHE-ITT)
Price (2019, TAU)
Garland (2016, TAU)
Price (2011, TAU)
Black (2019, NAP)

-0.02 [-0.51, 0.48]
0.03[-0.38, 0.44]
0.08 [-0.26, 0.41]
0.08 [-0.26, 0.41]
0.13[-0.43, 0.68]
0.15 [-0.26, 0.56]
0.17 [-0.17, 0.50]
0.54[0.14, 0.93]
1.41[0.45, 2.37]
——  3.54[3.06,4.01]

RE Model - -+ 0.95[-0.31, 2.22]

Observed Outcome

Intervention Intervention-Dose analysis; MBI-ITT: Mindfulness-
Based Intervention Intent-to-Treat Analysis; NAP: Neurobiology of
Addiction Psychoeducation; RE: random effects; TAU: Treatment
as Usual; TAU-ID: Treatment as Usual Intervention-Dose analysis;
TAU-ITT: Treatment as Usual Intent-to-Treat analysis; WHE: Wom-
en’s Health Education; WHE-ID: Women’s Health Education Inter-
vention-Dose analysis; WHE-ITT: Women’s Health Education Intent-
to-Treat analysis

studies conducted follow-up visits as far as 28 weeks post-
intervention [73, 80, 85], and four conducted RCT designs
comparing MBI with Women’s Health Education, CBT, and/
or TAU [73, 75, 80, 85]. Notably, these MBI studies used
a mean MBI dosage of 1.63+0.25 hours/week and a mean
duration of 7.60+3.21 weeks, which is consistent with the
broader literature and clinical practice of 1-3 hours/week
and 7-12 weeks [118]. Although these results for MBIs are
promising, we encourage future research studies to involve
biospecimen and neuroimaging analyses for more objective
evidence [119ee].

Other predictors, which did not survive multiple com-
parisons correction, included the significant negative con-
tribution of CBT on substance use outcomes. This result
is in contrast with two studies demonstrating that abstain-
ers showed a decline in cue-induced craving over treatment
while relapsers did not [69, 72]. Interestingly, one study
found that higher baseline emotion dysregulation contributed
to steeper changes in withdrawal during treatment [61], sug-
gesting that CBT may be more effective in individuals with
less severe emotion dysregulation [120e, 121, 122e, 123e].
In addition, with a recent review of CBT showing positive
outcomes for individuals with depression, anxiety, obses-
sive-compulsive disorders, and panic disorders, CBT could
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Table 5 List of meta-regressions to assess the impact that demographic variables, substance types, emotion-regulation intervention types, and
study design and quality has on reduction in substance use and improvement in emotion regulation

Meta-Regression Results with Improvement in Emotion Regulation Effect Size

Study Condition Estimate SE PEDR-corrected
Hours/Week -0.0857 0.1028  0.7808
Weeks Duration -0.0381  0.0178  0.4405%*
% Alcohol Dependence -0.0040 0.0078  0.8382

% Nicotine Dependence NA NA NA

% Cannabis Dependence 0.0277 0.0106  0.1962**
% Opioid Dependence 0.0254 0.0227  0.7712

% Stimulant Dependence -0.0002  0.0077  0.9892

% Depressant Dependence -0.0262  0.0092  0.1513**
% Other Substance Dependence 0.0027 0.0785  0.9892
Mean Age -0.0312  0.0376  0.7808

% Males 0.0034  0.0050  0.7808
DBT Intervention? -0.6788  0.3835  0.4405
Mindfulness-Based Intervention? 2.3981 0.4381 <0.0001*
RCT Study? 0.3368 04757  0.7808

% of NHLBI Quality Checklist Items  2.0597 1.3991  0.6143

Met

Meta-Regression Results with Reduction in Substance Use Effect Size

Study Condition Estimate SE PFDR-corrected
Hours/Week 0.0006  0.0443  0.9886
Weeks Duration 0.0036 0.0090  0.8321

% Alcohol Dependence 0.0019 0.0034  0.7766

% Nicotine Dependence -0.0026  0.0022  0.7326

% Cannabis Dependence 0.0101 0.0115  0.7386

% Opioid Dependence -0.0079  0.0147  0.7773

% Stimulant Dependence 0.0025 0.0041  0.7622

% Depressant Dependence 0.0061 0.0066  0.7386

% Other Substance Dependence -0.1390 0.1785  0.7386
Mean Age -0.0183  0.0145  0.7312
% Males -0.0030  0.0032  0.7386
CBT Intervention? -0.3800 0.1834  0.3758**
DBT Intervention? 0.1162 0.2709  0.8321
RCT Study? -0.2561 02735  0.7386

% of NHLBI Quality Checklist Items 0.5562  0.6169  0.7386

Met

Time Interac-
tion Estimate

SETime Interaction

PTime Interaction, FDR-corrected

F-test p-value

-0.0714 0.0637 0.7712 0.4467
0.0002 0.0019 0.9892 0.0881
0.0001 0.0006 0.9892 0.9213
NA NA NA NA
-0.0017 0.0009 0.4405 0.0461
0.0002 0.0021 0.9892 0.6524
-0.0004 0.0005 0.7808 0.7689
0.0055 -0.0006 0.7808 0.0009
NA NA NA 0.8944
0.0013 0.0033 0.8539 0.8134
0.0006 0.0009 0.8093 0.7253
-0.0634 0.0714 0.7808 0.1510
-0.0225 0.0611 0.8539 <0.0001
NA NA NA 0.6935
-0.1490 0.1274 0.7712 0.4094

Time Interac-
tion Estimate

SETime Interaction

pTime Interaction, FDR-corrected

F-test p-value

0.0086 0.0084 0.7386 0.4104
0.0001 0.0004 0.9537 0.4735
-0.0001 0.0003 0.9537 0.5102
0.0001 0.0002 0.7470 0.2395
-0.0007 0.0009 0.7386 0.4240
0.0007 0.0005 0.7312 0.2777
-0.0005 0.0003 0.3955 0.1171
-0.0006 0.0003 0.3758 0.1037
NA NA NA 0.2513
0.0011 0.0007 0.5047 0.1845
0.0002 0.0001 0.3758 0.1029
0.0258 0.0159 0.5047 0.0418
0.0078 0.0101 0.7386 0.2962
-0.0071 0.0100 0.7386 0.1627
-0.0480 0.0233 0.3758%* 0.0790

CBT cognitive behavioral therapy, DBT dialectical behavior therapy, FDR false-discovery rate, NHLBI National Heart, Lung, and Blood Insti-
tute, RCT randomized controlled trial, SE standard error. *FDR-corrected p-value < 0.05 **uncorrected p-value < 0.05

be more effective for substance dependence with comorbid
mood and anxiety disorders [124e]. While our meta-anal-
ysis found no contribution of CBT to IERERI, one study
demonstrated a decrease in electromyography-based startle
response from aversive cues in abstainers [72]. Majority of
CBT studies conducted follow-up visits as far as two-years
post-intervention, whereas only few studies involved RCT
design. The high variability in dosage (3.50+3.46 hours/
week) and duration (5.00+4.18 weeks) were also observed
in CBT studies. However, such duration was shorter than

@ Springer

those reported by previous reviews for other psychopatholo-
gies (16-24 weeks for schizophrenia and 12-16 weeks for
anxiety and stress-related disorders) [125, 126e]. We encour-
age future CBT studies to pursue an RCT design, implement
at least 12 weeks of intervention, compare the intervention
with other ER interventions done in five studies [61, 71, 75,
79ee, 83], and investigate the impact of CBT on substances
other than alcohol and nicotine.

Another predictor that did not survive multiple compari-
sons correction was the total duration of intervention on ER
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outcomes. We encourage future studies to further investigate
the effects of ER treatment length as traditional SUD reha-
bilitation length has predicted positive outcomes [127, 128].

Interestingly, the proportion of cannabis- and depressant-
dependent participants were also observed as predictors of
improvement in ER effect size, but neither survived FDR
correction. Nevertheless, these results are of high clini-
cal and social consequences. The associated public health
risks from increased legalization and potency of cannabis
products as well as the sparse literature on emotion dys-
regulation from cannabis use necessitates further research
into the impact of ER interventions on individuals depend-
ent on cannabis [129, 130e, 131e, 132ee  133]. Similarly,
with 5.3 million individuals musing benzodiazepines and
sparse literature on the effectiveness of ER interventions
for benzodiazepine dependence [134, 135, 136¢], more
research should be conducted with individuals dependent
on benzodiazepines.

Our systematic review showed that seven studies that
used DBT reported reduced substance use outcomes [62,
64, 65, 77,78, 81ee_82], with one reporting no significant
relationship between relapse status and treatment completion
[86ee¢]. In addition, seven out of the eight DBT studies found
significant improvement in emotion dysregulation (reduction
in DERS) [62, 64, 65, 77, 78, 8§1ee, 86ee], except for one
study that did not report on this measure [82]. Such improve-
ment in substance use and ER outcomes across a diverse
range of substance dependences suggests that DBT has
broad applicability in SUDs. There was high variability in
the intervention dosage, with an average of 4.56+3.71 hours/
week over 21.00+13.65 weeks. Such distribution, however,
is consistent with DBT interventions generally involving 3.5
— 5.5 hours/week and treatment duration lasting six months
to 12 months [137]. Only three of the eight studies assessed
substance use and ER measures in follow-up visits weeks or
months after the end of intervention [62, 81, 82]. Only one
study involved an RCT, comparing DBT to TAU, highlight-
ing the need for future studies involving DBT and SUDs to
consider the RCT study design approach [82].

The rest of the intervention study classes did not have
enough studies to form generalizations regarding the aggre-
gation of their outcomes and the representative dosage and
duration compared to the broader clinical and research envi-
ronment. We also encourage studies to examine the impact
of music therapy interventions on substance use outcomes
as they have been shown to improve ER skills in several
psychopathologies, including depression and PTSD [33e,
34e, 35].

Eleven out of 26 studies examined the stability of the
therapeutic effects of these interventions using post-inter-
vention follow-ups [61, 62, 66, 72, 73, 79ee, 80, 81ee,
82, 84ee 85]. With our subgroup analysis demonstrating
explained variance in ER outcomes when comparing ER

interventions and control intervention while the same was
not demonstrated for substance use outcomes, we speculate
that perhaps ER outcomes improve quicker than substance
use outcomes, a research question that would be answered
by studies employing multiple post-intervention follow-up
visits. Highlighting the need for multiple follow-up visits
is the finding that time after intervention did not signifi-
cantly contribute to the effect sizes in substance use and
ER outcomes, suggesting persistent longitudinal effects for
improvement in emotion regulation and reduction in sub-
stance use. These findings align with previous research on
the long-lasting behavioral and neurobiological effects of
employing ER strategies [138, 139e, 140e].

While we collected 18 substance use and ER measures,
we find it worthwhile for future studies interested in ER
interventions on SUDs to consistently include certain meas-
ures that directly measure substance use, ER, or serve as an
important mediator in SUD outcomes. We recommended
employing objective measures for substance use such as
exhaled carbon monoxide levels for tobacco use and car-
bohydrate-deficient transferrin assays for alcohol use [141,
142]. Since most emotion-regulation measures were self-
report questionnaires, which can risk underreporting or over-
reporting due to social desirability bias [143], our systematic
review and meta-analysis benefitted from objective measures
like RSA, skin conductance response, and startle eyeblink
electromyography. We encourage future studies to employ
these measures and neuropsychoimaging to present further
evidence to their findings [8§7-95, 97, 98, 119ee, 144]. With
two studies that assessed negative affect [79ee, 85], we
encourage researchers to include PANAS in their study as
higher emotion dysregulation is linked to greater negative
affect, a contributor to greater difficulty in delayed discount-
ing, which is a risk factor for addiction [145e, 146¢]. We
also encourage researchers to include PTSD, anxiety, and
depression measures, as done in 13 of the included studies
[63, 64, 66, 68, T4ee,75,77,78, 79ee, 80, 82, 85, 86°¢], as
these psychiatric symptoms are often comorbid with sub-
stance dependence and may interact or mediate effects on
intervention outcomes [147, 148, 149e].

In summary, 26 studies included in this systematic review
and meta-analysis demonstrated a significant reduction in
substance use and improvements in ER from ER interven-
tions, as shown by using a diverse set of outcome measures,
tasks, and recordings. Perhaps a major concern in the field
is the high variability in types, doses, and duration of these
interventions and the heterogeneity in the sample, which pre-
vented effect sizes for control interventions from achieving
significance. Further inquiry into the impact of the length of
ER intervention, population involving cannabis-dependent
individuals, and population involving depressant-dependent
individuals on ER outcomes is warranted. This review is the
first qualitative and quantitative investigation into the current
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landscape of ER interventions on longitudinal SUD and ER
outcomes across a variety of measures, intervention types,
and substances, and serves as a guide for researchers inter-
ested in this area on trends (e.g., MBIs contributing posi-
tively to the improvement in ER compared to non-MBIs) as
well as study design considerations (e.g., adopt RCT design,
employ objective measures like RSA, track outcomes past
the end of intervention).

Conclusion

Our systematic review and meta-analysis have demon-
strated moderate to large improvements in emotion regu-
lation and reduction in substance use across emotion-reg-
ulation interventions through multiple diverse measures
from questionnaires on distress tolerance, cognitive reap-
praisal, expressive suppression, or mindfulness to physi-
ological readings such as respiratory sinus arrhythmia. We
observed that mindfulness-based interventions significantly
contributed to the significant pooled improvement in emo-
tion regulation effect size, and that intervention param-
eters, study design, and population demographics did not
significantly influence reductions in substance use. We
encourage researchers to continue investigating the impact
of mindfulness interventions on substance use outcomes
and determine if other psychiatric symptoms like PTSD,
anxiety, and depression affect the broad impact of emotion-
regulation interventions of substance use and emotion-reg-
ulation outcomes.
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