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Objective: This meta-analysis and systematic review examined the effects of exercise
interventions on alcohol consumption and binge drinking in individuals with alcohol use
disorder (AUD).

Data sources:
ERIC databases.

Study Inclusion and Exclusion Criteria: Peer-reviewed randomized controlled trials
published in English between 1970 and 2021. All studies compared exercise (EX)
and treatment as usual (TAU) to TAU in adults with an alcohol-related diagnosis. Al
forms of exercise interventions were included (e.g., aerobic exercise, yoga, resistance
exercise, etc.).

PubMed, Web of Science, Google Scholar, SPORTDiscus, and

Data Extraction: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses
Protocols standard and the Meta-Analyses and Systematic Reviews of Observational
Studies guidelines were followed. Risk of bias was assessed using the Cochrane
risk-of-bias tool as described by the Cochrane Handbook for Systematic Reviews
and Interventions.

Results: The literature searches retrieved a combined 2527 studies, with 1,034 studies
screened after removal of duplicates and 973 (94%) rejected after reviewing titles and
abstracts. Full-text review was performed on 61 studies, with seven studies meeting
inclusion criteria for qualitative and meta-analysis. Across seven studies (n = 492
participants), a significant effect (Z-value = —3.37; g = —0.30; 95% CI [-0.50——0.09];
p = 0.001) was found for Ex4+-TAU on drinking volume. There was no effect of Ex+TAU
on binge drinking. The effect of Ex+TAU on physical fitness (VOomax, mlekg~"emin=1)
was significant (Z-score = 3.70; g = 0.64; 95% Cl [0.19-1.08]; p < 0.001).
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Lardier et al. Exercise Interventions Reduce Alcohol Consumption
Conclusions: Exercise interventions may decrease alcohol consumption and improve
fitness and can be an effective adjunctive treatment for individuals with alcohol-related
diagnoses including AUD.

Keywords: alcohol use disorder, alcohol dependence, binge drinking, exercise, physical activity, randomized
controlled trials

INTRODUCTION Treatment approaches have been explored in attempts to

Alcohol use disorder (AUD) is a chronic condition affecting
nearly 283 million people aged 15 years and older worldwide
and 14.4 million adults ages 18 years and older in the
United States (World Health Organization, 2010; National
Institute on Alcohol Abuse Alcoholism, 2017). The Diagnostic
and Statistical Manual—Version 5 (DSM-5) defines AUD as a
problematic pattern of alcohol use leading to clinically significant
impairment or distress (American Psychiatric Association, 2013).
The DSM-5 further describes AUD as a cluster of behavioral and
physical symptoms that can include withdrawal, tolerance, and
craving, which can lead to both alcohol abuse and dependence
(American Psychiatric Association, 2013). Individuals with AUD
may also binge drink, defined as consuming five or more standard
drinks over 2 hours for men, or four or more over 2 hours for
women (Centers of Disease Control and Prevention, 2020). Binge
drinking is the most common, costly, and deadly pattern of
alcohol use in the United States (Centers of Disease Control and
Prevention, 2020).

Individuals with AUD suffer adverse social, occupational, and
health consequences, including high mortality (Carvalho et al.,
2019; Witkiewitz et al., 2019). In 2016, the estimated number of
deaths associated with the harmful use of alcohol was ~3 million
worldwide (or 5.3% of all deaths) (World Health Organization,
2010; Carvalho et al., 2019). Health consequences of heavy
chronic alcohol use includes direct toxic effect on the liver
and gastrointestinal tract and its association with heart disease
and cancer. AUD often co-occurs with other mental health
disorders including depression, anxiety, or psychoses (Castillo-
Carniglia et al., 2019). Even in the absence of other mental health
comorbidities, chronic alcohol intoxication may impair cognitive
function leading to a progressive decline of behavioral control.
Alcohol consumption is also frequently associated with the use
of tobacco smoke and other psychoactive substances (World
Health Organization, 2010; National Institute on Alcohol Abuse
Alcoholism, 2017).

AUD is complex, with a host of underlying mechanisms
and associated symptoms. The root cause of AUD likely results
from a combination of genetic, environmental, and lifestyle
factors (Carvalho et al., 2019; Cabe et al., 2020). Comorbid
conditions associated with AUD may include depression, anxiety,
and low self-efficacy (American Psychiatric Association, 2013),
which all appear to be predictors of alcohol consumption and
relapse (Carvalho et al.,, 2019; Castillo-Carniglia et al., 2019).
The complexities of AUD pose a challenge to maintain long-
term sobriety in 50-80% of individuals (Jin et al., 1998; Moos
and Moos, 2006). First year relapse rates range upwards to 90%
among those who seek treatment (Moos and Moos, 2006).

deconstruct the complexness of AUD. These have included
behavioral therapies, such as cognitive behavioral therapy,
contingency management, motivational interviewing, and
behavioral therapies combined with pharmacotherapy (Jhanjee,
2014). Even more recently, tailored treatment approaches
using genetic testing have been studied and developed to treat
underlying mechanisms (Seneviratne and Johnson, 2015).
Despite advancements, combined and tailored treatments
have provided little effectiveness beyond behavioral treatment
alone, with relapse remaining high and pharmacological
therapeutic interventions having unwanted side effects (Maisto
et al.,, 2000; Miller et al., 2001; Berglund et al., 2003; Hallgren
et al, 2017a). Moreover, many of the treatment options
available require extensive time and money. A recent meta-
analysis showed that 50% of people with AUD achieved
remission 16 years after the onset of the disorder, which
highlights the challenges in meeting the therapeutic needs of this
population (Fleury et al., 2016). Novel adjunctive interventions
are needed to address AUD, alcohol abstinence, complex
psychopathological vulnerabilities related to AUD such as
alcohol cravings (Frascella et al., 2010; Di Nicola et al., 2015),
comorbid health problems commonly associated with AUD
including depression and anxiety (Hallgren et al., 2014a; Ahlin
et al, 2015), and cardiometabolic risks (Vancampfort et al.,
2016).

Exercise training is well-known to promote a host of positive
physical adaptations including the prevention and treatment of
cardiovascular and metabolic diseases (Ruegsegger and Booth,
2018). More recently, studies have identified exercise training as a
non-invasive and non-pharmacological therapy for neurological
diseases including neurodegenerative diseases (e.g., Parkinson’s
and Alzheimer’s disease) (Ahlskog et al, 2011), depression
(McKercher et al., 2014), and anxiety (Greenwood et al., 2012;
Furzer et al., 2021). Exercise has also been suggested as a potential
treatment for substance use disorders (SUD) (Lynch et al., 2013;
Cabe et al., 2020; Furzer et al,, 2021) and has been incorporated
into alcohol treatment programs for over 40 years (Sinyor et al.,
1982). Activities have included sports (e.g., basketball), jogging
and calisthenics, yoga, and targeted exercise with intensity and
duration benchmarks (Giir and Giir, 2020). Reported outcomes
have been improvements in cardiovascular fitness and mood-
related changes with only a small number of studies reporting
alcohol consumption measures (Cabe et al., 2020).

Recently published systematic reviews have examined the
impacts of exercise training on treatment for AUD (Hallgren
et al., 2017a; Cabe et al., 2020; Giir and Giir, 2020); exercise
may serve many of the underlying symptoms associated with
AUD including mental health. However, the impact of exercise
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on alcohol use, including binge drinking, is limited. Therefore,
the aim of this meta-analysis is to examine the treatment effects of
exercise training on measures of alcohol consumption and binge
drinking in individuals with diagnosed AUD, or in the extant
literature described as experiencing alcohol dependence, alcohol
abuse, and harmful drinking behavior. A secondary aim was to
evaluate changes in cardiovascular fitness among this population.

METHODS

Inclusion and Exclusion Criteria

Article searches were conducted in March 2021. Studies eligible
for inclusion in this meta-analysis met the following criteria:
(1). randomized controlled trial (RCT) that compared exercise
and treatment as usual (Ex+TAU) to treatment as usual (TAU);
(2). exercise intervention was described and included more than
one session; (3). drinking outcomes were reported and included
alcohol consumption, binge drinking, and/or cravings; (4). study
population included adults with an alcohol-related diagnosis
(defined in Section Study Participants); (5). published in English
in a peer-reviewed journal between 1970-2020. The following
studies were excluded: non-RCT studies (e.g., cross-sectional,
cohort studies), studies including a single session of exercise,
and/or studies that did not report alcohol consumption. All forms
of exercise were eligible for inclusion (e.g., aerobic exercise, yoga,
resistance exercise, etc.).

Study Participants

Adult participants, at least 18 years of age, in inpatient and
outpatient treatment programs, community programs, or other
public health interventions were included in this systematic
review. College students were also included. All participants
met the criteria for AUD, alcohol abuse or alcohol dependence
defined by the DSM, harmful use of, or dependence on alcohol
per ICD-9 or ICD-10 criteria, or hazardous drinking per Alcohol
Use Disorders Identification Test (AUDIT) score.

Outcome Measures

All studies included at least one primary outcome included in
the meta-analysis: number of standard drinks per week and/or
binge drinking episodes. An attempt was made to conduct a
meta-analysis for alcohol cravings, but only two RCTs were
located for analysis. Physical fitness, recorded as maximal oxygen
consumption (VO;max in mlekg-1emin-1), was also assessed as
a secondary outcome.

Data Sources

All study authors searched PubMed, Web of Science, Google
Scholar, SPORTDiscus, and ERIC databases in March 2021
using key terms: [(exercise OR “aerobic exercise” OR “physical
activity” OR yoga OR “resistance exercise”) AND (“alcohol
abuse” OR “alcoholism” OR “alcohol addiction” OR “binge
drinking” OR “heavy drinking” OR “alcohol dependence” OR
“alcohol use disorder”)].

Study Selection

Once all articles were retrieved from individual databases, results
were compiled, and duplicates were removed. Following the
removal of duplicate studies, authors screened titles and abstracts
to determine eligible articles. Full text articles were included, and
a final selection of articles was established based on the consensus
of all author reviewers. An audit trail was maintained throughout
the entire process which allowed the research team to refer to
and examine discrepancies. Discrepancies were discussed until
agreement was reached.

Data Extraction and Management

Two authors extracted data from each included study using
a data collection form. Tablel displays data extraction
information including study title, population studied, number
of participants in the study and percent male, age of study
participants, the exercise intervention, outcomes assessed,
results, and conclusions.

Risk of Bias/Quality Assessment

Publication bias was assessed using the Cochrane risk-of-bias tool
as described by the Cochrane Handbook for Systematic Reviews
and Interventions (Higgins et al., 2019). Each study was evaluated
on five domains: (1). The randomization process; (2). The study
deviation from the intervention; (3). Missing outcome data; (4).
Adequate measurement of outcome data; and (5). Bias in the
selection of the reported results. An overall bias assessment was
made regarding each study.

Statistical Analyses

Using random-effects models, meta-analyses were conducted
using Meta Essentials for Microsoft Excel (version 1.5) (van Rhee
et al,, 2015). Weighted mean differences with 95% confidence
intervals (95% ClIs) between pre- and post-exercise intervention
on primary outcomes (weekly alcohol use and binge drinking
episodes) and secondary outcome (VO;max) measures for both
intervention and control groups were divided by pooled standard
deviation. Monthly alcohol use measures were converted to
weekly alcohol use. Binge drinking was reported as drinking
episodes or heavy drinking days. Hedges' g was used to
evaluate the magnitude of the overall effect size with weighted
mean differences of small (0.2-0.5), moderate (0.5-0.8), and
large (>0.8) (Hedges and Olkin, 2014). The small number of
included studies (<10) limited the ability to conduct subgroup
analyses (Thompson and Higgins, 2002). Covariates included
age, baseline drinking measures, gender, and duration of the
exercise program (in weeks). Other exercise covariates such as
exercise intensity, type, and adherence were considered but lack
of intervention descriptions, and thus sample size, excluded
these analyses. Heterogeneity was assessed using the I? index
with low heterogeneity (I> = 0-25%), moderate heterogeneity
(I = 26-50%), substantial heterogeneity (I = 51-75%), and
considerable heterogeneity (I = 76-100%) (World Health
Organization, 2010). The Egger Regression was used to adjust
for publication bias (American Psychiatric Association, 2013).
Statistical significance was set to p < 0.05.
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TABLE 1 | Summary of included studies and resullts.

References Title Population n %Male Age [mean (SD)] Exercise intervention Outcome(s) Results Conclusions
Jensen etal.  Physical exercise ~ AUD or alcohol 105 714 Women (n = 30):  Group or individual Number of standard Significant reduction in Including physical exercise
(2019) in the treatment of abuse or 51.1 £ 11 Men walking/running for two  drinks (30 days) standard drinks (30 days) in  in the treatment of alcohol
alcohol use dependence (DSM (n=75):43+£12 60-min sessions per all groups: 221 £ 219 at disorder patients will affect
disorder (AUD) criteria) week over 24 weeks. baseline to 43 + 87 drinking habits.
patients affects 6-months post-intervention  Form of exercise (individual
their drinking (o < 0.0001). vs. group) does not make
habits: A No difference a difference.
randomized between groups.
controlled trial
Weinstock Randomized AUD 66 39.4 MO (n = 33): 35.9  Weekly contingency Number of standard Significant reduction in All participants, regardless
et al. (2020) Clinical Trial of + 12.0 MI+-CM management (CM) drinks (7 days) Number weekly total standard drinks  of group assignment,
Exercise for (n=33):33.8 + exercise contracting of binge drinking and binge episodes from reduced their drinking by
Non-treatment 8.0 sessions and episodes (7 days) baseline to mid-treatment about 50% at mid-treatment
seeking adults motivational and post-treatment in both  and maintained reductions
with alcohol use interviewing for 16 groups. at post-treatment including
disorder weeks; 4-month YMCA No difference between reduction of binge drinking
membership. groups. episodes from an average of
2-3 to 1 per week.
Increases in exercise were
not associated with
reductions in drinking.
Roessler et al. Exercise as Harmful use of or 175 68.6 45+11.3; range Group or individual Number of standard Moderate physical activity ~ This study supports existing
(2017) adjunctive dependence on 21-70 walking/running for two  drinks (30 days) level had a protective effect  evidence that physical
treatment for alcohol (ICD-10) 60-min sessions per on drinking behavior activity may be effective as
alcohol use week over 24 weeks. compared to low PA levels.  adjunctive treatment for
disorder: A No significant differences AUD.
randomized between treatment groups.  Moderate level PA was
controlled trial Amount of alcohol protective against excessive
consumed in intervention drinking at follow-up.
groups decreased by 4% for
each increased
exercising day.
Brown et al. A preliminary, Alcohol 49 55 44.37 £ 10.75 12 weekly supervised Number of standard Significant decrease in Group aerobic exercise
(2014) randomized trial of dependence moderate intensity drinks/day (90 days) drinking days and heavy intervention reduced alcohol
aerobic exercise (DSM-1V) group aerobic exercise  Percent heavy drinking — drinking days in exercise use compared to brief
for alcohol sessions. days (90 days) group vs control group advice to exercise. Amount
dependence during treatment; not of moderate-intensity
maintained at 12-week exercise did not fully
follow-up. account for decreases.
Hallgren et al.  Yoga as an Alcohol 18 Not reported  Not reported Weekly yoga session Number of standard Significant decrease in Yoga intervention resulted in
(2014b) adjunct treatment  dependence (1.5h) for 10 weeks. drinks (7 days) weekly alcohol consumption  a larger (but not significantly
for alcohol (DSM-IV) in both groups but not s0) reduction in weekly
dependence: a statistically different drinks compared to
pilot study between groups. treatment as usual.

Improvements were
demonstrated in
both groups.

(Continued)
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FIGURE 1 | PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses. This PRISMA diagram contains public sector
information licensed under the Open Government Licence v3.0. (Adapted From: Moher et al., 2009).

encouraged the participants to complete various types of exercise
(treadmill walking or jogging) or an instructor-led exercise class
(Weinstock et al., 2014). Three studies used incentives (vouchers
for prizes) to motivate participants to complete exercise (Brown
et al.,, 2014; Weinstock et al., 2014, 2020). Alcohol measures
were assessed prior to beginning treatment and were re-
examined at the end of the exercise intervention (post testing
timeframes were not discussed in the included studies). Follow-
up assessments conducted after end-of-treatment measurements
were not included in the analysis.

Treatment as Usual Interventions

Four of the studies included participants enrolled in an outpatient
clinic or day treatment program for alcohol use (Brown et al.,
2014; Hallgren et al, 2014b; Roessler et al., 2017; Jensen
et al., 2019). In these studies, treatment as usual included
cognitive behavioral therapy (Brown et al., 2014; Hallgren et al.,

2014b; Roessler et al., 2017; Jensen et al., 2019), motivational
interviewing (Hallgren et al., 2014b; Roessler et al., 2017; Jensen
et al, 2019), family therapy (Roessler et al., 2017; Jensen
et al, 2019), and/or pharmacologic management (Hallgren
et al., 2014b; Roessler et al., 2017; Jensen et al., 2019). Three
studies included community-dwelling participants who were
not receiving treatment for alcohol use (Murphy et al., 1986;
Weinstock et al., 2014, 2020). In these studies, the control group
received a YMCA membership only (Weinstock et al., 2020),
a brief one-time wellness intervention for increasing exercise
adherence that did not address drinking (Weinstock et al., 2014),
and instruction to keep a daily journal of behavior (Murphy et al.,
1986).

Publication Bias
The Cochrane risk-of-bias tool was used to assess bias among
included studies. Randomization was reported in all studies,
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and the process of randomization was low risk in five studies
(Hallgren et al., 2014b; Weinstock et al.,, 2014, 2020; Roessler
et al,, 2017; Jensen et al., 2019), and presented some concern in
two studies due to large baseline differences among groups, which
suggested a problem with the randomization process (Murphy
et al., 1986; Brown et al., 2014).

There was also a lack of blinding in all seven studies.
Participants selected for the exercise arms in each study were
likely aware of their assigned intervention. In addition, the
individuals who delivered or supervised the exercise intervention
were aware of group assignment. However, it is unlikely that this
presented actual risk of bias. The risk of bias due to missing
outcome data was assessed as low in four studies (Murphy et al.,
1986; Brown et al., 2014; Weinstock et al., 2014, 2020), and was
somewhat concerning in three studies (Hallgren et al., 2014b;
Roessler et al., 2017; Jensen et al., 2019). Across studies, there
was some degree of missing data from participant dropout, which
may have introduced bias in the outcome. Risk of bias due to
outcome measures was high in one study (Murphy et al., 1986)
because of the possible inaccuracy in the method for collecting
drinking behavior. All other studies were low risk. The risk
of bias in selection of reported results was uncertain due to
lack of pre-specified analysis plans. Of the included studies,
two had previously published methodology papers that included
protocols for statistical analyses (Brown et al., 2014; Roessler
etal., 2017). In summary, there was some concern for risk of bias
in selected studies.

Effect of Exercise + TAU on Drinks per

Week

All studies compared Ex+TAU vs. TAU on weekly drinking
volume and/or binge drinking. Two studies included three
groups in their intervention (e.g., individual exercise, group
exercise, and control). Therefore, nine effect sizes were calculated
(Figure 2). The effect of Ex+TAU on weekly drinking volume
was significant (Z-value = —3.37; g = —0.30; 95% CI [—0.50-
—0.09]; p = 0.001) indicating a small effect in favor of
Ex+TAU compared to TAU alone. The I’* index showed
0.00% heterogeneity.

Effect of Exercise + TAU on Binge Drinking

Episodes

Five effect sizes were calculated for binge drinking episodes
among four studies (Figure 3). The total sample size among
studies was 372. The effect of Ex+TAU on binge drinking
episodes was not significant (Z-score = 0.14; g = 0.01; 95% CI
[—0.17-0.19]; p = 0.89) indicating no effect in favor of TAU. The
I? index showed 0.00% heterogeneity.

Effect of Exercise + TAU on Physical

Fitness

Six effect sizes were calculated for physical fitness (VO;max,
mlokg_lomin_l) among five studies (Figure4). The mean
baseline VO,max was 30.60 + 5.03 and 33.17 + 3.49
mlekg~!emin~! for TAU and Ex+TAU, respectively. Mean end
of treatment VO, max was 32.12 £3.65 mlekg~!emin~! for TAU

and 36.27 £ 2.40 mlekg~'emin~! for Ex+TAU. The effect of
Ex+TAU on physical fitness was significant [Z-score = 3.70; g
= 0.64; 95% CI [0.19-1.08]; p < 0.001]. The I? index revealed
31% heterogeneity.

Covariate Analyses

Study participant age, gender, or baseline alcohol consumption
did not influence outcomes. Similarly, there was no moderation
effect of exercise duration (in weeks) on drinking outcomes.

DISCUSSION

This systematic review and meta-analysis are among the first
to examine the pooled effects of exercise interventions on
alcohol consumption and binge drinking episodes in those with
AUD, or as prior literature described as alcohol abuse, alcohol
dependence, or harmful drinking. Seven randomized controlled
trials met the inclusion criteria including a combined 492
adults. Pooled data indicated exercise interventions significantly
reduced weekly drinking volume but had no impact on
binge drinking episodes. Exercise interventions also significantly
improved cardiovascular fitness.

Alcohol-related disorders are significant international public
health concerns (Carvalho et al.,, 2019). Recent investigations
suggest at least 10% of adults who receive substance use treatment
experience deterioration or symptom exacerbation during
treatment or soon thereafter (Shaw et al.,, 1997; Moos et al,
2001, 2002). There are several psychosocial interventions for the
treatment of AUD in adults. These psychosocial interventions
include coping skills training, relapse prevention, motivation
intervention, motivational enhancement therapy (Carroll and
Onken, 2005; Jensen et al., 2011; Gates and Albertella, 2016;
Knapp et al., 2016), recovery support interventions (Powell et al.,
2019), and group-based formats (Wendt and Gone, 2017). And
while innovations in AUD treatment have occurred over the past
30 years, adjunctive treatments such as mindfulness, wellness,
and exercise may now be included in addition to traditional
psychotherapies (Simpson and Sells, 1982; Mattson et al., 1993;
Cabe et al., 2020).

Despite these innovations, barriers to treatment for adults
in this vulnerable group remain. Mental health and physical
co-morbidities create complexities to the effective treatment of
AUD (Mojtabai et al., 2014; Lipari et al., 2016; Cabe et al., 2020;
Furzer et al,, 2021). The extant literature agrees that there is a
gene-environment interaction, influencing alcohol cravings and
maintenance of long-term sobriety (Kendler et al., 2012; Mitchell
et al., 2013; Carvalho et al., 2019). Researchers concur that
treatments that combine multiple approaches are most effective
for treating AUDs and helping individuals maintain sobriety
(Jhanjee, 2014; Witkiewitz et al., 2019). Exercise training has been
identified as an adjunctive treatment modality for AUD (Hallgren
et al., 2017a; Giir and Giir, 2020; Furzer et al., 2021), though a
better understanding of how exercise improves outcomes is still
needed (Cabe et al., 2020).

This meta-analysis contributes to the limited yet expanding
literature, finding a significant reduction in drinking volume
of approximately one-third a standard deviation for exercise
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FIGURE 2 | The forest plot about the effect of exercise on drinking volume.
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FIGURE 3 | The forest plot about the effect of exercise on binge drinking.

compared with control conditions (g = —0.30). While a smaller
effect size, overall, these findings are clinically meaningful,
displaying subtle improvements in drinking volume reductions
based on participation in physical exercise programs. Findings
among seven studies are reliable as evident by low heterogeneity,
indicating consistency for the positive effect of exercise on

drinking volume. As one of few studies to specifically examine
the pooled treatment effects of exercise interventions on alcohol
consumption and binge drinking episodes in those with AUD,
our findings contrast with recent meta analyses (Hallgren et al.,
2017a; Giir and Giir, 2020). Thompson et al. reported no clear
evidence for an effect of exercise on alcohol consumption based
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on two studies, but included non-RCTs and participants with any
SUD, not just AUD (Thompson et al., 2017). The authors did,
however, report a significant effect of exercise on the prevention
of alcohol initiation. Giir and Giir found that exercise did not
reduce alcohol consumption in adults with AUD but did improve
physical fitness and mental health (Giir and Gir, 2020). The
authors included non-RCTs, did not include studies published
prior to 2000, and included only five studies in the meta-analysis
of alcohol consumption. Hallgren, Vancampfort, Giesen, Lundin,
Stubbs (Hallgren et al., 2017a) found that exercise did not reduce
daily alcohol consumption or AUDIT total scores in adults with
AUD. Although they reported a positive reduction on weekly
alcohol consumption (p = 0.04), this result was not significant
after adjustment for publication bias. The authors included
individuals with AUD only, included studies with single bouts
of exercise as the intervention, and included studies without
a control group. Unlike these three meta-analyses, the current
meta-analysis included RCTs that compared a control group
with exercise training interventions (several sessions of exercise)
among individuals with AUD, or reported as alcohol abuse,
alcohol dependence, or harmful drinking behaviors.

In addition, the effect of exercise on binge drinking episodes
was examined in this study with no added benefit detected among
four pooled studies (generating five effect sizes). Binge drinking
behavior did decrease among both TAU and Ex+TAU groups
in each study, but no added effect of exercise was observed.
One possible explanation is the positive association between
physical exercise and binge drinking that has been previously
reported in the literature (Musselman and Rutledge, 2010).
Individuals may seek to reward exercise accomplishments with

episodes of heavy drinking, which has been documented among
university students and athletes (Nelson and Wechsler, 2001;
Vickers et al., 2004). Establishing a link between exercise and
binge drinking in early adulthood may extend into later life;
therefore, exercise may counteract the benefits of therapeutic
treatment for these individuals. Binge drinking in college and
early adulthood is a risk factor for continued alcohol misuse
(Jennison, 2004). This may highlight the importance of assessing
the connection between physical activity and drinking behavior
prior to enrollment in an adjunctive exercise program. However,
exercise has been shown to reduce urges to drinking among heavy
alcohol consumers (Taylor et al., 2013; Brown et al., 2016).

Cardiovascular fitness improvement measured by VO, max is
a useful marker of exercise intervention effectiveness. Previously
sedentary individuals who adhere to exercise should experience
fitness gains. As such, Ex+TAU had a significant effect on
VO,max in the current analysis, which aligns with results
reported by Giir and Giir (2020). Low cardiovascular fitness
has been reported among those suffering from mental health
concerns, and improvements in fitness after participation in
exericse has been shown to mitigate symptoms of depression and
anxiety (Heggelund et al., 2020; Miller et al., 2020). AUD is highly
linked to both anxiety and depression and, therefore, exercise-
related changes in mood state may explain the benefits of exercise
in AUD (Lai et al., 2015). This conclusion cannot, however, be
evaluted in the current study and should be pursued in future
research investigations.

The findings from this meta-analysis should be interpreted
with caution. Our analyses were limited to seven RCT studies
with two studies having both individual and group treatment
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interventions. Future meta-analyses may consider separating
individual and group-based exercise interventions and include
crossover studies. Furthermore, our results only captured the
effects of exercise interventions on weekly drinking volume and
binge drinking episodes. Weekly drinking volume was assessed
using a variety of methods. Future studies should standardize
measures of alcohol consumption and consider including alcohol
abstinence, alcohol abstinence self-efficacy (DiClemente et al.,
1994; Glozah et al., 2015), heavy drinking days, relapse, and
alcohol cravings (Flannery et al., 1999). In addition, the effect
sizes identified in this meta-analysis were small. Future research
should focus on implementing rigorous RCTs to create and adapt
individual and group-based exercise interventions in AUD and
risky drinking populations. Moreover, due to limitations in study
designs described above, the effect of exercise on AUD should
be considered with caution until more substantive and rigorous
studies are conducted.

CONCLUSIONS

Our findings provide important evidence that exercise
interventions can be an effective adjunctive therapy for
AUD, specifically reducing weekly drinking volume and
improving physical fitness. The inclusion of individuals with
alcohol-related disorders in the current analysis along with
examining drinking behavior adds to the still limited data
regarding the benefits of exercise. Future studies are needed to
clarify the mechanisms driving the reduction in drinking among
individuals with AUDs. The potential benefits of exercise should
also be explored among adolescents with AUD. Moreover,
researchers should explore the impact of exercise combined
with validated and efficacious psychotherapeutic treatments
(e.g., cognitive behavioral therapy, dialectical behavioral
therapy) (Cabe et al., 2020). Such research will provide crucial
information on exercise as a useful and adaptive adjunctive
treatment for AUD and other alcohol use issues (Cabe et al.,
2020).

The utility of exercise as an adaptive add-on treatment to
AUD may help provide additional treatment options for people
with other complex behavioral addictions (Frascella et al., 2010;
Marazziti and Baroni, 2014), which are often unmet in traditional
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