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Abstract

Objectives This systematic review and meta-analysis examines the efficacy of phys-
ical activity interventions in the reduction of antisocial behavior in children and
adults. Several possible moderators, including study design, sample characteristics
(age, proportion male, and sample type), control group, and outcome characteristics
(type of activity, duration, frequency), were also investigated.

Methods A literature search was performed in the following databases: PubMed,
Ebsco/SportDiscus, Ebsco/APA PsycINFO, Ebsco/ERIC, Ebsco/Criminal Justice
Abstracts, Embase.com, and Clarivate Analytics/Web of Science Core Collection
from inception to June 2021. Studies were eligible if they reviewed the effect of
chronic physical activity interventions on antisocial behavior compared to wait-list,
no-exercise, or attention control samples. The following studies were excluded: ani-
mal studies, studies reporting on acute exercise, studies including yoga or mindful-
ness as the sole measure of physical activity, and studies including substance (ab)use
and/or smoking as the only outcome measure. A random effects model was used to
calculate pooled effect sizes. The risk of bias was assessed using the Cochrane risk-
of-bias tool (version 2).

Results The search yielded 29 studies, of which 20 were included in the meta-
analysis. Results indicate a significant small-to-medium effect (g= —0.26) with a
95% confidence interval ranging from —0.48 to—0.04 in favor of physical activity
interventions. Significant moderators included type of control group, type of physi-
cal activity, and type of antisocial behavior, with larger effect sizes for comparisons
with inactive control groups (g = —0.31), interventions containing walking, jogging,
or running as the main type of physical activity (g= —0.87), and anger/hostility as
an antisocial outcome measure (g= —0.42).

Conclusions Physical activity interventions may be a promising way to reduce anti-
social behavior in children and adults. However, due to the overall high risk of bias
in the included studies, more sound evaluation research is needed to better under-
stand the functioning and to improve the possible implementation of physical activ-
ity interventions.
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Introduction

Antisocial behavior is a heterogeneous group of behaviors, including criminal
offenses, aggression, and conduct problems. Such behavior violates societal rules
or the rights of others (Moffitt, 2013) and affects both the perpetrator and the victim
(Cohen & Piquero, 2009; Heap, 2021). Conventional treatments aimed at reducing
antisocial behavior mostly rely on cognitive behavioral theory (Bennett & Gibbons,
2000), yet with limited efficacy (Bennett & Gibbons, 2000; Dodge & McCourt,
2010; Frick, 2016; Lipsey & Cullen, 2007; Reid & Gacono, 2000). Re-offending
rates after treatment are at 60% or higher (Fazel & Wolf, 2015; van der Put et al.,
2016) and non-completion rates (i.e., percentage of participants dropping out before
treatment completion) range from 20 to 40% (Rubin et al., 2006), indicating the need
for additional interventions.

One proposed alternative intervention encompasses physical activity (i.e., any
skeletal muscle-induced movement requiring energy expenditure (Caspersen, Pow-
ell, & Chistenson, 1985)). Physical activity interventions may offer an accessible and
inexpensive substitute for current interventions with multiple health benefits, includ-
ing improved physical and mental well-being (Daskalopoulou et al., 2017; Lubans
et al., 2012; Paluska & Schwenk, 2000). Physical activity has been suggested to
improve several facets related to antisocial behavior, including enhanced self-control
and emotion regulation (Boat & Cooper, 2019), greater feelings of social inclusion
(Perks, 2007), and a more positive self-identity and self-worth (Bowker, 2006; Liu
et al., 2015). Physical activity programs have been increasingly used by local gov-
ernments and institutes (e.g., prisons, youth offender institutions) worldwide to reha-
bilitate offenders and prevent maladaptive or problematic behavior (Ekholm et al.,
2013; Hartmann & Depro, 2006; Jones-Palm & Palm, 2005; Kelly, 2013; Makkai
et al., 2003; Meek, 2018; Nelson et al., 2006; Nichols, 2010; Taylor et al., 2015), yet
their effectiveness remains largely unclear.

To date, two previous meta-analytic reviews have examined the effect of physi-
cal activity on externalizing behavior in youth (Harwood et al., 2017; Spruit et al.,
2016). The first review investigated the effect of martial arts on the reduction of
aggression, anger, and violence in youth aged < 18. The authors included 12 studies
with a comparison group but no randomized controlled trials (RCT). They found an
average significant effect of martial arts on aggression, but only after removing the
three studies that consisted of one-time comparisons (as opposed to interventional,
longitudinal, and cross-sectional studies) (Harwood et al., 2017). The second meta-
review quantified the effect of physical activity interventions on four psychosocial
outcomes, including externalizing problems (i.e., aggression, delinquency, or other
conduct problems) in adolescents (aged 10-21). A study was included if a consider-
able part of the intervention included sports or (aerobic) exercise and the design was
experimental (i.e., a comparison group available). They found a significant small-to-
moderate effect of physical activity interventions on the reduction of externalizing
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problems, with larger effect sizes for comparisons with other types of intervention
(i-e., psychosocial or other leisure activities) and no effect for comparisons with
waitlist or no-treatment groups (Spruit et al., 2016).

Regarding adult populations, the effect of physical activity interventions has only
been previously examined in adults assessed through the Diagnostic and Statistical
Manual of Mental Disorders (DSM: (American Psychiatric Association, 2022)) as
nicotine, alcohol, and illicit drug (e.g., heroin, cocaine) abusers (Wang et al., 2014).
The authors included 22 RCTs on physical activity (including aerobic exercise,
resistance training, and mind-body exercises such as yoga, tai chi, and qi gong).
They found physical activity interventions to significantly decrease withdrawal
symptoms and increase abstinence rates, with larger effects in illicit drugs users
compared to nicotine and alcohol abusers (Wang et al., 2014). However, 30% of the
included studies (n="7) contained elements of mindfulness (Auty et al., 2017), clas-
sifying mind—body exercises such as yoga and qi gong as physical activity. Mindful-
ness has been shown to be effective in the reduction of antisocial behavior (Gillions
et al., 2019; Tao et al., 2021) and thus the question remains if physical activity with-
out mindfulness can elicit the same results in adults.

Recently, a meta-analytic review was published on the effect of sports programs
on crime-related outcomes including reconviction, drug use, anger, self-control, and
impulsivity in a sample containing both children and adults (Jugl et al., 2021). Stud-
ies were eligible if the design was quasi-experimental or a RCT. The authors ana-
lyzed 10 studies in individuals at risk of (re)-offending or from the general popula-
tion, if the program was designed to prevent criminal behavior (mean age 25, age
range 7-59 years). Martial arts programs, outdoor activities, and adventure activities
were excluded, but no other restrictions were put on the type of sports program.
Their results indicate a significant positive effect on criminal behavior with no mod-
erating effect of program, sample, or study characteristics.

Although previous reviews suggest a positive effect of physical activity on antisocial
behavior, they do not address the heterogeneous nature of antisocial behavior (Popovici
et al.,, 2014) or they are limited due to methodological issues. Specifically, the exist-
ing meta-review on martial arts (Harwood et al., 2017) did not account for elements of
mindfulness associated with martial arts (Miyata et al., 2020) which may have affected
the results (Gillions et al., 2019; Tao et al., 2021). In addition, the inclusion of cross-sec-
tional studies hampers causal statements regarding the effect of physical activity (Har-
wood et al., 2017). Furthermore, the meta-analysis of Spruit et al. on physical activity
interventions contained a relatively small number of studies (n=14) which may have
limited generalizability. They also examined three other interrelated psychosocial out-
comes (internalizing problems, academic achievement, and self-concept). As the authors
state, the results of the individual meta-analyses should therefore not be interpreted
independently due to the high level of interrelatedness (Spruit et al., 2016). Finally, both
meta-analytic reviews were limited to adolescents or young adults (aged<?21). Thus
far, only Jugl and colleagues included both children and adults, yet most of their sports
programs specifically aimed to promote personal development (e.g., improving proso-
cial behavior and self-confidence) rather than to improve fitness parameters (Jugl et al.,
2021). This resulted in the inclusion of a range of activities that were not always related
to physical activity, such as reading and numeracy lessons. Furthermore, 2 studies
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examined the effects of yoga (containing mindfulness: (Auty et al., 2017)) which could
have affected the results as described earlier. In summary, the effects of physical activity
on antisocial behavior in both children and adults remain unclear.

As existing physical activity programs target both youth and adults (Ekholm et al.,
2013; Hartmann & Depro, 2006; Jones-Palm & Palm, 2005; Kelly, 2013; Makkai et al.,
2003; Meek, 2018; Nelson et al., 2006; Nichols, 2010; Taylor et al., 2015), it is important
to assess efficacy across different age groups. Moreover, due to the highly heterogeneous
nature of antisocial behavior, it is possible that not all types of antisocial behavior are
affected similarly by physical activity interventions, depending on the underlying reason
for the displayed behavior. For example, aggressive tendencies may be acquired through
social learning, such as conditioning and observation (Bandura, 1973), whereas hostility
is defined as an emotional state (Tsikandilakis et al., 2020). Thus, different effects may
be expected. This is illustrated by a study where an additional after-school volleyball
program significantly improved physical and verbal aggression and anger, but not hostil-
ity in adolescents, compared to a no-intervention control sample (Trakjovic et al., 2020).
Similarly, different types of physical activity interventions may have different impacts.
For example, one study found positive effects on hostility after high-intensity strength
training but no effect after cardiovascular plus resistance training in prisoners (Battaglia
et al., 2015). To date, no meta-review exists on the effect of physical activity that consid-
ers the possible effects of both a heterogeneous predictor and outcome.

The current meta-analysis attempts to fill this gap by examining the efficacy of
physical activity interventions in the reduction of antisocial behavior (e.g., aggres-
sion, externalizing behavior, delinquency, hostility, anger, and other maladaptive or
disruptive behaviors) in both children and adults. By addressing a broader range of
antisocial behavior and physical activity interventions (excluding elements of mind-
fulness) and only including RCTs and (quasi)-experimental designs, the present
review aims to take the next step in research on physical activity as a treatment reduc-
ing antisocial behavior. In addition, by coding and analyzing multiple possible mod-
erators (Spruit et al., 2016), including study design, operationalization of outcome,
type of physical activity, and sample characteristics, we hope to gain more insight
into who could benefit most from physical activity interventions, and how. This may
aid in the individual tailoring of interventions, possibly increasing treatment efficacy
(Frick, 2016; Rubin et al., 2006). To increase generalizability and comparability
between outcome measures (Hofer & Piccinin, 2009), we did not include studies on
nicotine and substance (ab)use. Physical activity interventions included all interven-
tions for children and adults in which sports and/or (aerobic) exercise were the main
treatments. We focused on chronic (i.e., regular) (Guiney & Machado, 2013) physical
activity as opposed to acute (i.e., a single bout) physical activity (Chang et al., 2012).

Methods
Literature search

This meta-analytic review was conducted and reported following the preferred
reporting items for systematic reviews and meta-analysis (PRISMA) guidelines
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(Page et al., 2021). The PRISMA checklist can be found in Appendix A. A com-
prehensive search was performed in the databases: PubMed, Ebsco/SportDiscus,
Ebsco/APA PsycINFO, Ebsco/ERIC, Ebsco/Criminal Justice Abstracts, Embase.
com, and Clarivate Analytics/Web of Science Core Collection, from inception to
June 28th, 2021, in collaboration with a medical information specialist (JCFK).
The search included controlled terms and free text terms for synonyms of “exer-
cise” or “sports” combined with synonyms of “aggression” or “antisocial” and
“young adult” and “RCTs” or “SRs” or “cohort studies,” with the exclusion of
“animal studies” or specific terms like “spectator aggression.” The search was per-
formed without restrictions for date or language. The full search strategies can
be found in Appendix B. Duplicate articles were excluded by a medical informa-
tion specialist (JCFK) using Endnote X20.0.1 (Clarivate™), following the Amster-
dam Efficient Deduplication (AED)-method (Otten et al., 2019) and the Bramer-
method (Bramer et al., 2016). This review is registered in the systematic review
registry Prospero (registration number: CRD42020198123). We did not prepare a
review protocol.

Selection criteria

The eligibility of included studies was assessed using the web-based program
Rayyan (Ouzzani et al., 2016) with the following criteria: (a) participants from
general or clinical populations; (b) the intervention involved any chronic physi-
cal activity intervention; (c) controls were either wait-list, no-exercise, or atten-
tion control groups; (d) outcome measures were related to antisocial behavior
including self-report and observational measures; (e) the design permitted the
computation of a reliable effect size, i.e., RCT or quasi-experimental design
with a control group; (f) post-intervention outcome measures were obtain-
able; and (g) the study was published in English or Dutch or translations were
obtainable. Animal studies were excluded, as were studies reporting only on the
effect of acute exercise, studies including yoga or mindfulness as a measure of
physical activity, studies including substance (ab)use and/or smoking as only
outcome measure, and studies without a control sample. Grey literature, e.g.,
conference abstracts, posters, and theses, was searched and included if relevant.
The first and second author screened all records (i.e., abstracts and full texts)
for eligibility independently. Any discrepancies between the reviewers were
resolved by a third author. In the case of missing data, the original authors were
contacted.

Coding the data and potential moderators

Information on study design, sample characteristics, intervention characteristics,
and outcome measures was coded by the first author and discussed with the second
author to test possible moderators (Lipsey & Wilson, 2001). The study design was
coded as RCT or quasi-experimental, since the latter may be more prone to bias and
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show larger effect sizes (MacLehose et al., 2000). In addition, the control group was
coded as active (i.e., sedentary attention, receiving the same amount of interpersonal
interaction without a physical activity intervention) or inactive (i.e., waitlist or no
intervention), as this might influence the expected effect of the intervention (Spruit
et al., 2016).

Regarding sample characteristics, the proportion of males (Fredricks & Eccles,
2008; Wong et al., 2013), mean age (Park et al., 2017), and sample type (Ozer
et al., 2012) were coded and included as possible moderators. Sample type was
coded as students, clinical (i.e., receiving care, diagnosed by a clinician, or meet-
ing criteria without a diagnosis), offenders, and other (i.e., sedentary students
and university faculty (i.e., no regular physical activity in the preceding year as
determined by the Leisure Time Physical Activity questionnaire), students with
overweight (i.e.,>85th percentile body mass index), students receiving special
education, and students with a high risk of offending). Sedentary and overweight
students were separated from the students’ category as these characteristics have
previously been shown to have a positive association with antisocial behavior such
as anger and aggression (Hasler et al., 2004; Malmir & Nedaee, 2019). Thus, as
these students may show elevated levels of antisocial behavior at baseline, differ-
ent treatment effects may be expected compared to students who are not sedentary
or overweight. This also applies to the other two groups, i.e., students receiving
special education (Dickson et al., 2005) and students identified with a high risk
of offending (Spruit et al., 2018). Age and the proportion of males were scored
continuously.

Several intervention characteristics were also coded, i.e., type of physical activ-
ity, duration, and frequency of the intervention. Type of physical activity was first
coded as string, and later subdivided based on existing data in aerobic exercise,
sports (e.g., swimming, volleyball, soccer), walking (including jogging and run-
ning), martial arts, and other types of physical activity (i.e., dancing, weightlift-
ing, or mixed). It is expected that different types of physical activity elicit differ-
ent treatment effects (Battaglia et al., 2015; Lubans et al., 2012). Additionally, the
duration (in weeks) and frequency (minutes per week) of the intervention were
coded, as these may influence the strength of the effect of physical activity inter-
ventions (Taylor et al., 2015). Lastly, the outcome measure was coded based on
the data as problem behavior (i.e., general antisocial behavior including external-
izing behavior), externalizing behavior (i.e., rule-breaking and aggressive behav-
ior), disruptive classroom behavior (i.e., problematic behavior in a classroom set-
ting, including disciplinary referrals), aggressive behavior, anger expression, and
hostility.

The risk of bias was assessed with the risk of bias tool (RoB 2: Sterne et al.,
2019). This tool addresses five domains: randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome, and
selection of the reported result. The risk of bias in these domains was estimated as
low risk, some concerns, or high risk. The first author assessed the risk of bias. The
results were then discussed with the second author. Any disagreements were solved
with a third author. Results are summarized in Table 1.
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Effect size calculation and analysis

Pre- and post-intervention means and standard deviations were extracted to calcu-
late standardized mean differences (SMDs) and standardized errors using Hedges’
g statistic (Harrer et al., 2021; Hedges, 1981). No study reported the correlation
coefficient () between pre- and post-treatment scores needed to calculate the effect
size. We therefore conducted sensitivity analyses imputing different values for r (see
Appendix C, Table C1). As the results were similar, we used an estimate of r=0.7,
as recommended by Rosenthal (1986). If a study reported multiple outcome meas-
ures, only the best-validated outcome measure was included. If all measures were
similarly validated, the field’s most use was selected to calculate an effect size, to
prevent violation of the assumption of independent effect sizes. All analyses were
performed using R version 4.0.4. Effect sizes were calculated using the “escalc”
function within the metafor package (Viechtbauer, 2010) and reported in Hedges’
g (Hedges, 1981). We also reported several measures of heterogeneity (%, tau?, and
the prediction interval) (Borenstein et al., 2017; IntHout et al., 2016). We queried
the authors of 9 studies to obtain missing information. In total, 7 authors responded,
of which 2 replied that the data could not be obtained. Thus, additional data was
received for 5 studies. They were included in the meta-review.

Meta-regression and subgroup analyses were performed with the meta- (Balduzzi
et al., 2019) and metafor-packages (Viechtbauer, 2010) using a random effects model
(as between-study heterogeneity was expected). Heterogeneity was examined using
P? as the proportion of observed effects-variation due to true effects-variation, fau® as
the amount of heterogeneity in true effects, and the prediction interval as an estima-
tion of the true effects in future studies (Borenstein et al., 2017; IntHout et al., 2016).
A high P indicates non-homogenous effect sizes meaning moderators or outliers
should be identified. In contrast, a low I> may indicate homogenous effect sizes, with
the I interval as an index for the level of certainty for this result (Borenstein et al.,
2017). The Knapp and Hartung (Knapp & Hartung, 2003) adjustment was used to
calculate the corresponding confidence intervals (Inthout et al., 2014; Langan et al.,
2019). Furthermore, to detect the individual contribution of each study to the hetero-
geneity, Baujat plots were used (Baujat et al., 2002). Possible outliers were detected
using the “find.outliers” function of the dmetar-package (Harrer et al., 2019), which
identifies studies for which the upper bound of the 95% confidence interval is lower
than the lower bound of the pooled effect confidence interval, or for which the lower
bound of the interval is higher than the upper bound of the pooled effect confidence
interval. Next, we performed sensitivity analyses, excluding these outliers, to exam-
ine the possible influence on effect size. Finally, publication bias (i.e., an overestima-
tion of the true effect size due to the exclusion of unpublished studies with non-sig-
nificant findings (Rosenthal, 1979)) was tested with funnel plot asymmetry according
to Egger’s method (Egger et al., 1997) and the trim and fill plot (Duval & Tweedie,
2000) using the “trimmfill” function in the metafor-package (Viechtbauer, 2010). In
the case of an asymmetrical funnel plot (indicating publication bias), the trim and
fill procedure would correct this by imputing estimations of the missing effect sizes
based on existing effect sizes. These estimations were then included in a new meta-
analysis showing the influence of the missing effect sizes on the overall effect size.
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Results

The search yielded 34,036 studies. After removing duplicates, 23,524 abstracts were
screened, of which 162 studies were assessed for eligibility. No full-text was avail-
able for 33 articles, resulting in 129 full-text articles. After reading the full-text arti-
cles, 102 additional reports were excluded (see Fig. 1 for exclusion reasons). The
two most common exclusion reasons were study design (n=32), e.g., observational
or case study; and no outcome measures related to antisocial behavior (n=16), e.g.,
antisocial behavior was mentioned but not measured, or only measured at baseline.
The current meta-analytic review consists of 29 studies, of which 20 reported on suf-
ficient information to calculate effect sizes (6 studies did not report on post-treatment

Identification of studies via databases and registers

Records identified from: Records removed before
Total databases (n = 34036) || screening:
5 PubMed (n =7147) Duplicate records removed
= SportDiscus (n = 1685) by software (n = 10512)
o PsycINFO (n = 7630)
= ERIC (n = 1680)
& CJA (n = 1263)
= Embase (n = 5908)
Web of Science (n = 8743)
Web of Science (n = 16268)
23524 records screened —»| 23362 records excluded
.g 162 reports sought for retrieval - ?e%(tr ZE)/:EIthrllg; retrieved (no full-
5
»n
102 reports excluded:
Wrong study design (n = 32)
;ﬁgi;LiJI:It;/teXt reports assessed for ., No measure of ASB (n = 16)
No control without PA
(n=15)
Wrong publication type
__ (n=13)
Wrong population (n = 9)
) Intervention more than PA
Lo} y (n = 7)
2 . Double report (n = 5)
E 29 studies included ) Intervention has no PA
o 20 st}Jdles effect size calculation (n=3)
= possible

Fig. 1 Prisma flow diagram
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scores, and 3 additional studies did not report on pre-treatment scores). The flow
chart of the selection process is visualized in Fig. 1 (Figure adapted from: Page
et al., 2021).

Basic characteristics of studies

An overview of the basic characteristics can be found in Table 2. A total of k=29
studies were included in the systematic review, of which k=20 reported suffi-
cient information to calculate effect size (3 studies only reported on post-treat-
ment means). Thus, for the meta-analysis, we report on k=20 studies that include
N=2250 participants. In total, n=1209 participated in a physical activity interven-
tion and n=1041 served as the control group (of whom 1171 participants received
no intervention or were placed on a waitlist and 32 participants received a seden-
tary-attention intervention). Fight studies included students from the general popu-
lation (3 included elementary school students and 5 included high school students)
and 6 studies included students receiving care (n=1) or meeting criteria for a behav-
ioral disorder (n=15). One study reported on sedentary high school students and uni-
versity faculty, one on low-level or special education students, one on high school
students with overweight, and three studies reported on an offender population.
Five interventions were aerobic-based exercises; 6 were (team) sports (e.g., soccer,
swimming, volleyball); 2 included walking, jogging, or running; 3 were based on
martial arts; 3 were mixed (i.e., martial arts and sports, strength and running, and
exercises with resistance training); and 1 included weightlifting. The intervention
duration ranged from 2.5 to 39 weeks with a frequency varying between multiple
daily sessions and single weekly sessions. Included outcome measures were aggres-
sive behavior (n=7), externalizing behavior (n=4), anger expression (n=3), dis-
ruptive classroom behavior including disciplinary referrals (n=2), hostile behavior,
or a combination of externalizing, bullying, and other problematic behaviors (n=2).

Of the remaining k=9 studies not included in the meta-analysis, 6 described a
significant positive effect of physical activity on antisocial behavior (Basile et al.,
1995; Goldshtrom et al., 2011; Palermo et al., 2006; Pan, 2010; Yilmaz & Soyer,
2018; Zivin et al., 2001), and 3 studies could not find a significant effect (Bunketorp
Kall et al., 2015; Carter et al., 2017; Welland et al., 2020). Of the studies reporting
on a significant intervention effect, n=4 included a clinical population (maltreated
children (n = 1), children with a behavioral disorder (n=2), boys with autism spec-
trum disorder (n = 1)), and n=2 reported on other samples (children with mild intel-
lectual disorder and boys at risk for antisocial behavior). The non-significant studies
included elementary school students (n=3), and offenders (n=1). The type of phys-
ical activity in the significant studies was martial arts (n=2), sports, i.e., swimming
(n=1), walking/jogging/running (n= 1), rhythmic exercises (n = 1), and mixed, i.e.,
balance and coordination play events (n=1). For the non-significant studies, this
included aerobic exercises (n=2), and sports, i.e., rugby (n=1). In the significant
studies, 4 included measures of disruptive classroom behavior, one study included
aggression, and one study included temperament. The non-significant studies exam-
ined externalizing behavior (n=1), problem behavior (n=1), and pro-criminal atti-
tudes (n=1).
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Efficacy of physical activity

Pooled effect sizes were calculated with a random effects model (see Fig. 2
and Table 3). We found an overall significant small-to-medium effect (g= —0.26),
representing a reduction of antisocial behavior after physical activity interven-
tions versus no physical activity intervention, waitlist, or attention-control. The
trim-and-fill plot (Appendix C, Figure C1) and Egger’s test (intercept=0.96, 95%
CI=-1.09;-2.91, t=0.89, p=0.386) did not indicate publication bias. The sub-
stantial percentage of variability in effect sizes (/*=82.5) indicated possible mod-
erators or outliers. Furthermore, the prediction interval ranged from g= —1.18 to
0.66, indicating the effect of physical activity in future studies may be beneficial
or not beneficial. Three outliers were detected: Harvey et al. (2018), Phung and
Goldberg (2021), and Shachar et al. (2016). Results from the sensitivity analysis
excluding these outliers are reported in Table 3. Removing these outliers resulted
in moderate-substantial heterogeneity (’=63.5) and small-to-medium effect size
(g=—0.24). The prediction interval ranged from g= —1.17 to 0.70. Examina-
tion of the Baujat plot (Appendix C, Figure C2) identified Shachar et al. as adding

Source SMD (95% Cl) )

Phung, 2021 1.13[-175,-051) —@—— |

Tse, 2020 1.13[-1.81,-044] ——— |

Greco, 2020 093[-156;,-029] —W——

Hilyer, 1982 -0.90 [-1.39; -0.40] —u—

Shachar, 2016 -0.66 [-0.78; -0.53] .

Tkacz, 2008 -0.48[-0.71; -0.25] =

Hughes, 1986 -0.39[-1.36; 0.57] -

Trakjovic (b), 2020 -0.35 [-0.66: -0.05] ——

Ozer, 2012 -0.34[-0.85; 0.17] N e

Wager, 1999 -0.22[-0.44; -0.01] "
Delva-Tauiliili, 1995 -0.19 [-0.66; 0.28] ——

Norris, 1992 -0.18[-0.75; 0.38] ——

Spruit, 2018 -0.16 [-0.34; 0.02] = 1

Wade, 2018 -0.10 [-0.28; 0.08] 1

Battaglia, 2015 -0.08 [-0.56; 0.40] ;

Ramer, 2020 0.19[-0.33; 0.71] —ri—
Ozer, 2007 0.23 [-0.45; 0.90] —
Trakjovic (a), 2020 0.25 [-0.05; 0.56] .
Bustamente, 2016 0.38 [-0.30; 1.05] ——
Harvey, 2018 0.65[0.25: 1.05] ——
Total -0.26 [-0.48; -0.04] =

95% PI [-1.19; 0.66] | | | : | |

15 1 05 0 05 1 15
SMD (95% Cl)
Heterogeneity: 72, = 108.37 (P < .001), I = 82%

Fig. 2 Forest plot of main analysis weighed by study n and ordered by effect size
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Table 3 Overall effects of physical activity interventions on antisocial behavior

Study k  Meang 95%CI t p  I*(95%CI) tau® (95% CI)
Main analysis 20 —-0.262 (—0.484;-0.040) —2.47 0.02 82.5(74.0; 0.18 (0.06; 0.43)
88.2)

Sensitivity
analyses

excluding all 17 —-0.242 (-0.443;-0.041) —-2.56 0.02 63.2(38.0; 0.11 (0.02; 0.32)
outliers (3)* 78.2)

excludingonly 19 —0.235 (-0.465;—0.004) —2.14 0.04 74.1(59.3; 0.18 (0.06; 0.45)
Shachar et al., 83.5)
2016

Excluding stud- 19 —0.223 (-0.437;-0.009) —-2.20 0.04 82.3(73.5; 0.15 (0.05; 0.39)
ies containing 88.2)

more than PA?

PA, physical activity; k, number of studies; mean g, mean effect size (Hedges’ g); CI, confidence interval
Sensitivity analysis excluding Harvey et al., 2018; Phung & Goldberg, 2021; and Shachar et al., 2016
bSensitivity analysis excluding Hilyer et al., 1982; Phung & Goldberg, 2021; and Wade et al., 2018

Bold values denote statistically significant p-values

substantially to the heterogeneity as well as highly influencing effect size, possi-
ble due to the large N. A second sensitivity analysis was performed removing only
Shachar et al., see Table 3. This reduced the effect size slightly (g= —0.23) with a
prediction interval ranging from g—1.17 to 0.70. A forest plot was created excluding
all outliers (Harvey et al., 2018; Phung & Goldberg, 2021; and Shachar et al., 2016),
see Appendix C, Figure C3.

Due to the expected small sample size, we included studies where physical activ-
ity was the main treatment, but a significantly smaller part included non-physical
activity treatment. Specifically, Hilyer et al. (1982) included 10-15 min counseling
mostly related to fitness and health, Phung and Goldberg (2021) included a 5-min
bowing and mindfulness exercise, and Wade et al. (2018) included 3 X 20 min inter-
active seminars on screen time. To examine if this influenced our effect size, a third
sensitivity analysis was performed excluding these three studies. Removing these
studies did not result in large deviations, as shown in Table 3 (g= —0.22 with a pre-
diction interval ranging from g —1.08 to 0.64).

Lastly, because three studies only reported on post-treatment means, we ran a
supplementary analysis using post-treatment scores without correction for pre-treat-
ment scores. Results are similar, with k=23, g= —0.27, p=0.02, and a prediction
interval ranging from g—1.18 to 0.66 (see Appendix C, Table C2).

Moderator analysis

Nine moderator analyses were performed (Table 4). Due to small subgroups and
overlapping constructs, we combined problem behavior with externalizing behav-
ior and anger expression with hostility. Significant moderating effects were found
for type of control group, type of physical activity intervention, and type of antiso-
cial outcome. Specifically, we found a larger effect of physical activity interventions
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(g=—-0.31, k=18) compared to control groups that did not receive any intervention,
but no significant effect (g=0.25, k=2) compared to sedentary attention or other
types of interventions not containing elements of physical activity (e.g., psychosocial
treatment). Furthermore, we found a significant moderating effect of type of physical
activity, with larger effects for interventions containing walking, jogging, or running
(g=—-0.87, k=3) but non-significant effects for aerobic exercise (g=0.05, k=5),
sports (g= —0.04, k=6), martial arts (g= —0.713, k=3), or other types of physical
activity (e.g., weightlifting or dancing; g= —0.33, k=3). Lastly, we found a larger
effect size on anger and/or hostility as an antisocial outcome (g= —0.42, k=5), but
no significant effect on other types of antisocial behavior, i.e., aggressive behavior
(g=—-0.21, k=7), problem and/or externalizing behavior (g=—0.48, k=6), and
disruptive classroom behavior (g=0.45, k=2). Study design, sample characteristics
(age, proportion male, sample type), intervention frequency (in weeks), and interven-
tion duration (in weeks) did not significantly moderate the effect of physical activity
on antisocial behavior. Caution is advised interpreting these results, due to the limited
amount of studies in some of the comparison groups (i.e., active control groups and
interventions containing walking, jogging, and/or running).

Risk of bias

The Cochrane risk of bias tool was used to assess the risk of bias in several domains
(Sterne et al., 2019). Table 1 summarizes the results. As this tool is designed for RCTs,
studies with a quasi-experimental design will always be classified as having at least
some concerns. The current meta included 5 studies with a quasi-experimental design,
of which 2 studies were judged as having a high risk of bias as it was unclear if they
adopted adequate matching procedures in an attempt to decrease the risk of bias.
Regarding deviations from intended interventions, the lack of published trial proto-
cols hampered assessment and introduced bias in most studies. Missing outcome data
was a problem for 11 studies, of which 1 study raised some concerns and 10 studies
were assessed as having a high risk of bias. This was due to an unclear description
of handling the missing data (e.g., controlling for possible bias, sensitivity analysis).
All studies were judged to have some concerns related to the measurement of the out-
come. This was the result of questionnaires with mostly non-blinded outcome asses-
sors (i.e., self-report (n=9), parents (n=06), teachers (n=3), or outcome assessors with
unclear blinding (i.e., trained researchers (n=1)). Knowledge of the intervention could
have influenced their answers on the questionnaires, although this risk was assessed as
unlikely (as the assessors would not gain any benefit from this). Information on analy-
sis intentions was judged as not available in all studies, resulting in some concerns
related to the selection of the reported result for all included studies.

Discussion
The current meta-analytic review assessed the effects of physical activity inter-

ventions on several measures of antisocial behavior (i.e., aggression, externalizing
behavior, delinquency, hostility, and anger) in children and adults. Overall, we found

@ Springer
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a significant effect size (g= —0.26) in favor of physical activity, indicating physical
activity interventions can improve antisocial behavior. More specifically, the nega-
tive effect size implies on average antisocial behavior is decreased in participants
receiving physical activity compared to participants not receiving this intervention
(e.g., waitlist or sedentary attention controls). A note of caution is due here since the
estimated range of effect sizes of future studies includes both positive and negative
effect sizes (prediction interval ranging from g= —1.18 to 0.66). Thus, although our
current results suggest a beneficial intervention effect, future studies might find less
positive or even detrimental effects. In addition, the substantial heterogeneity indi-
cates the need for more univariate measures of antisocial behavior, although remov-
ing three possible outliers resulted in moderate-substantial heterogeneity.

Our findings are partially consistent with previous meta-analyses in youth. Physi-
cal activity has previously been shown to be similarly effective (d=0.32) in reduc-
ing antisocial behavior (i.e., aggression, delinquency, or other conduct problems) in
adolescents (Spruit et al., 2016). In contrast, larger effect sizes (d=0.65) were found
in a review only including martial arts as a physical activity, indicating a significant
reduction in aggression in youth (Harwood et al., 2017). This may be due to the
mindfulness components common to martial arts (Miyata et al., 2020), as mind-
fulness can effectively reduce antisocial behavior (Gillions et al., 2019; Tao et al.,
2021), possibly through decreased rumination (Borders et al., 2010) and increased
compassion (Lim et al., 2015). In our study, we did not find martial arts to be a sig-
nificant moderator, yet caution is advised as we only included three studies with this
type of activity (Delva-Tauiliili, 1995; Greco & de Ronzi, 2020; Phung & Goldberg,
2021). Thus, it is possible that interventions containing martial arts may result in
larger reductions in antisocial behavior, but further research is needed to test this.

To the authors’ knowledge, in adults, no meta-analytic review exists on the effect
of physical activity on antisocial behavior, yet related externalizing behavior (i.e.,
substance abuse (Wang et al., 2014)) has been investigated. Physical activity inter-
ventions including mindfulness (e.g., martial arts or yoga) significantly reduced
withdrawal symptoms (d= —1.24) and increased abstinent rate (odds ratio=1.69)
in adult substance abusers (Wang et al., 2014). As in our meta-analysis, the authors
did not find a moderating effect of the type of activity (aerobic versus mind—body).
However, it should be noted that even though 30% of the included studies had
mindfulness components, their comparisons contained only 3 and 2 studies in the
mind-body subgroup for withdrawal symptoms and abstinence rate, respectively.
Therefore, it is not possible to completely rule out the effects of mindfulness (Auty
et al., 2017). In sum, there is evidence indicating that physical activity interventions
(possibly with mindfulness) can be effective in the reduction of substance abuse in
adults, yet comparison with our current results is complicated due to the possible
interfering effect of mindfulness.

Similar to our findings, a recent meta-review found a moderate positive effect of
sports programs (excluding martial arts programs and outdoor or adventure activi-
ties, but including yoga) on criminal behavior (e.g., reconviction, drug use, anger,
self-control, and impulsivity) in favor of the sports programs (d=0.36) in a sam-
ple containing both children and adults (Jugl et al., 2021). In line with our results,
the authors could not find significant moderating effects for study design or sample
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characteristics. To our current knowledge, they did not examine any possible mod-
erating effect for the type of control group or intervention duration and frequency.
Jugl and colleagues could not find an effect of the type of physical activity but only
looked at teams sports versus individual versus combined sports, complicating the
comparison with our categorization. Somewhat surprisingly (due to the heterogene-
ous nature of their outcome measures), they also did not include the type of outcome
measure as a possible moderator. Despite these discrepancies, their results taken
together with our findings indicate physical activity including sports programs can
be beneficial (with a moderate effect) for both children and adults in the treatment
and/or prevention of several measures of antisocial behavior.

In addition, we explored if the effect of physical activity on antisocial behavior was
moderated by study design, sample characteristics, intervention characteristics, or out-
come. Larger effect sizes were found for comparisons with controls not receiving any
treatment compared to controls receiving a sedentary-attention treatment. This could
indicate that the effect of physical activity may be partially explained by the attention
received and interpersonal interactions (LaFave et al., 2019), but due to the small num-
ber of studies using a sedentary-attention control condition (k=2), it is not possible to
further interpret these results. Larger effects were also found for interventions contain-
ing walking, jogging, or running, yet no significant effects were found for other types of
physical activity such as aerobic exercises or sports. Speculatively, this may be related
to how difficult it is to master certain activities. It can be argued that compared to other
types of activity (such as basketball or martial arts), walking, jogging, and running are
easy to master, requiring no additional skill set or high cognitive control. As previous
studies show robust associations between antisocial behavior and cognitive control defi-
cits (Ogilvie et al., 2011) including high impulsivity (Gordon & Egan, 2011) and low
self-control (DeLisi & Vaughn, 2011), it is possible that other types of activity are too
demanding for participants to benefit from the positive behavioral effects. Lastly, we
found a larger effect on anger and hostility as a measure of antisocial outcome versus
other types of antisocial behavior (e.g., externalizing behavior or aggression). Hostil-
ity and anger may be classified as more emotion-driven behavior (Tsikandilakis et al.,
2020) compared to other antisocial constructs (which may be expressions of more
learned behavior (Bandura, 1973)). The effect of physical activity on anger and hostil-
ity might be the result of enhanced emotion regulation. This hypothesis is supported by
(limited) existing research in clinical populations such as those suffering from multiple
sclerosis (Bahmani et al., 2020) or children diagnosed with autism spectrum disorder
(Tse, 2020). Although preliminary, these results indicate several important factors to
address in future research to optimize the potential positive effects of physical activ-
ity interventions. To further examine their potential moderating effects, future research
should include different types of control groups, measurements related to motivation,
and differentiate between emotion-driven and acquired antisocial behavior.

Several limitations need to be acknowledged. First, none of the studies controlled
for recreational physical activity during the intervention, which may have influenced
treatment effects. However, these effects may be minimal due to the random assign-
ment of treatments and comparison groups in 15 studies, and the instructions to con-
tinue normal physical activity during the intervention period in the other studies. Sec-
ond, as only three studies reported on an adult sample, the generalizability to adults is
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limited, indicating the need for more (quasi-) experimental studies on adults. Third,
antisocial outcomes were measured with a wide variety of instruments, which likely
contributes to the high heterogeneity in the analysis. Lastly, the included studies were
generally assessed as having a high risk of bias, complicating interpretations.

To summarize, these results demonstrate a negative effect size in favor of physi-
cal activity interventions in the reduction of several types of antisocial behavior. As
physical activity is inexpensive and easy to administer, it may serve as a cost-effec-
tive treatment to improve multiple antisocial behaviors. However, due to the overall
high risk of bias in the included studies and the level of variation in estimated future
treatment effects, more sound evaluation research is needed to better understand the
functioning and to improve the possible implementation of physical activity inter-
ventions. Future studies should differentiate between the types of the control group,
types of physical activity, and underlying causes of antisocial behavior, as these may
significantly affect treatment outcome.
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