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We conducted a network meta-analysis to assess and rank the efficacy of different physical activities on motor function, social
function, communication, and stereotyped behavior in children with autism spectrum disorder. PubMed, EBSCO, Cochrane
Library, and Web of Science databases were searched through May 25, 2023. A total of 37 studies involving 1200 participants
and 17 interventions were included in our study. Based on the ranking probabilities, Tai Chi Chuan and fundamental motor
skill intervention were ranked as possibly the most effective intervention for motor function and communication, respectively.
Kata techniques had the highest probability of being best for stereotyped behavior and social function. This review provides
valuable information that physical activity can be a useful strategy in the management of autism spectrum disorder.
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Introduction

Autism spectrum disorder (ASD) is a set of heterogene-
ous neurodevelopmental disorders associated with genetic,
environmental and immune factors, characterized by early-
appearing social communication deficits and restricted,
repetitive sensory-motor behaviors (Lord et al., 2018). The
median worldwide prevalence of children with ASD is 1/100
(Elsabbagh et al., 2012; Zeidan et al., 2022), and the preva-
lence of ASD in children under the age of 8 in the United
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States is 1:44 (Maenner et al., 2021). ASD commences in
early childhood, with abnormal patterns that persist through-
out life (Baxter et al., 2015). In addition to having core
symptoms, more than 70% of people with ASD have con-
current conditions, such as atypical language development
and abilities, motor abnormalities, and other psychiatric dis-
orders (Lai et al., 2014). The high morbidity and disability
rates not only place a heavy burden on people with ASD and
their families but also impose a heavy economic burden on
society (Buescher et al., 2014; Hyman et al., 2020; Leigh &
Du, 2015). Therefore, effective early interventions for ASD
are critical to clinical and public health practice.
Currently, there is no definitive curative treatment for
ASD. Behavioral therapy, as the standard-of-care treat-
ment for core symptoms, is most effective if started early
in life (Lai et al., 2014). However, the benefits of early
intensive behavioral therapy are limited to a small number
of individuals; most people with ASD require lifelong sup-
portive care (Frye, 2022). In recent years, physical activity
has attracted attention as a potential therapeutic strategy
for many chronic diseases (Pedersen & Saltin, 2015). Spe-
cifically, physical activity has been demonstrated to have a
favourable outcome for ASD symptoms as a non-pharma-
cological intervention (Toscano et al., 2021). Previous sys-
tematic reviews and pairwise meta-analyses have shown
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the existence of a positive relationship between physical
activity and the improvement of motor function (Healy
et al., 2018; Ruggeri et al., 2020; Zhang et al., 2020),
executive function (Liang et al., 2022) and communica-
tion (Chan et al., 2021; Huang et al., 2020), as well as
reduction of deficits in social interaction (Howells et al.,
2019; Sowa & Meulenbroek, 2012) and stereotyped behav-
iors (Bremer et al., 2016; Ferreira et al., 2019; Tarr et al.,
2020; Teh et al., 2021) in children with ASD. However,
a meta-analysis by Monteiro et al. showed that physical
activity had no statistically significant effect on motor
skills in children with ASD (Monteiro et al., 2022). Pre-
vious meta-analyses only compared the effects of physi-
cal activity interventions relative to non-physical activity
interventions, and which specific types of physical activ-
ity are more effective in children with ASD received lim-
ited attention. There is a need to identify and evaluate the
efficacy of different interventions capable of improving
autistic symptoms.

Given the paucity of direct comparative studies between
the two interventions, it is difficult to establish the superior-
ity of the different interventions with traditional pairwise
meta-analyses. To determine the most appropriate type of
physical activity for autism-related health outcomes, it is
necessary to establish evidence concerning the compara-
tive efficacy of all relevant physical activity strategies (Su
et al., 2020). Network meta-analyses (NMA) can overcome
these problems by incorporating data from direct compari-
sons (similar to pairwise meta-analyses) and indirect com-
parisons of all available treatment options via the network
of treatments (Su et al., 2020). In addition, network meta-
analysis allows for the estimation of the relative effective-
ness and rank ordering of all the interventions (Rochwerg
et al., 2018).

In the present study, we performed a systematic review
and network meta-analysis to compare the efficacy of dif-
ferent types of physical activity for motor function, social
function, communication, and stereotyped behaviors in
children with ASD and ranked the optimal physical activity
interventions.

Methods
Registration

This review was registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO)
(CRD42022316836) and has adhered to guidelines outlined in
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA-NMA) statement (Hutton et al., 2015).
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Search Strategy

An electronic search of PubMed, Web of Science, EBSCO,
and Cochrane Library was conducted from 1943, since ASD
was first reported (Kanner, 1943; Lai et al., 2014), to May
25, 2023, to identify all related articles. The search was
restricted to English-language, peer-reviewed articles. The
search strategy was developed and refined from previously
published meta-analyses (Howells et al., 2019; Tan et al.,
2016).

The search was carried out using key phrases and Medical
Subject Heading (MeSH) terms (Supplementary Table 1).
The detailed search strategy is presented in Supplementary
Table 2. In addition to searching the databases, the reference
lists of included articles and previously published systematic
reviews were manually searched to identify articles that met
the inclusion criteria.

Study Selection

Endnote X8 literature management software (Thomson
ResearchSoft, Stanford, Connecticut, USA) was used to
manage the literature search records. All results of the search
were screened by one reviewer to exclude duplicates. The
remaining studies were screened independently by two
reviewers based on titles and abstracts. Any studies with
the potential to meet our inclusion criteria and conflicting
studies were subjected to full-text evaluation. Two reviewers
then independently assessed the full texts of the remaining
studies against the inclusion and exclusion criteria. Any dis-
crepancies were adjudicated by a third reviewer.

Inclusion and Exclusion Criteria

Studies were required to be published in a peer-reviewed
journal and written in English (conference abstracts and
registered trials were excluded). All other inclusion cri-
teria were in accordance with the PICOS (Participants,
Interventions, Comparators, Outcomes and Study Design)
framework.

The participants of interest were children under the age
of 18 diagnosed with ASD, including disorders previously
known as autism, Asperger’s, and pervasive developmen-
tal disorders not otherwise specified (American Psychiatric
Association, 2013; Howells et al., 2019; Tan et al., 2016).

Interventions were restricted to studies that focused on
any type of physical activity intervention. Physical activity
is planned, structured, repetitive, and purposeful (Caspersen
et al., 1985). Studies were excluded if the physical activity
intervention was combined with other non-physical activities
(e.g., behavioral intervention, pharmacotherapy) or if the
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intervention involved unsupervised training sessions. The
comparator groups involved participants who engaged in no
treatment, a waiting list, or usual care for the comparison
condition.

Studies were required to include at least one of the follow-
ing outcome measures of autistic symptoms: motor function,
social function, communication, and stereotyped behaviors.
We excluded studies that did not assess autistic symptoms
based on baseline and post-intervention change scores, had
incomplete data, and were unsuccessful in contacting the
full-text authors.

For the study design, included studies were randomized
controlled trials (RCTs) or controlled trials (CTs) that inves-
tigated the effects of physical activity interventions on chil-
dren with ASD. Studies were excluded which had no control
group or failed to report any comparative results between
groups.

Data Extraction

Study characteristics and outcome statistics were extracted
independently by two reviewers using a data extraction form,
including the relevant publication information (author, year,
and country), study design (RCT or CT), participant charac-
teristics (sample size, sex, age), diagnostic criteria for ASD,
severity, intervention components (intervention design, sam-
ple size, frequency, duration), and outcome measures. If the
content of interventions is relatively homogeneous in several
groups, we classify them as the same intervention (e.g., we
categorized structured circuit exercise (Arslan et al., 2020),
inclusive physical activity (Sansi et al., 2021) and exercise-
based intervention (Toscano et al., 2018), which aim to
develop children's fundamental movement skills, as funda-
mental movement skill intervention due to the homogeneity
of these interventions in form and content). Pre- and post-
intervention means and standard deviations were extracted to
calculate effect sizes (mean differences). When only figures
were presented (rather than numerical data within the text),
data were extracted using WebPlotDigitizer (Version 4.5,
https://automeris.io/WebPlotDigitizer/). Authors of particu-
lar studies were contacted at least twice over a 4-week period
if the full text was not available.

Risk of Bias Assessment

Risk of bias for each individual study was assessed inde-
pendently by two reviewers in accordance with the version
2 of the Cochrane risk-of-bias tool (RoB 2) (Sterne et al.,
2019), which examined 5 domains: randomization process,
deviation from intended intervention, missing outcome data,
outcome measurement, and selection of the reported result.
For each source of bias, studies were classified as having a
low risk, high risk or some concerns. Randomization process

is only assessed for RCTs. Any disagreements in reviewers’
judgments were resolved by a third reviewer.

Statistical Analysis

The network meta-analysis followed the current PRISMA-
NMA guidelines and was conducted within a frequentist
framework using STATA software (Version 16.0, College
Station, Texas, USA) (Shim et al., 2017). Network geom-
etry was created to visualize comparative relationships
among different interventions (Salanti et al., 2008). As the
outcome measures were continuous but measured using dif-
ferent instruments, we used standardized mean difference
(SMD) and 95% confidence interval (CI) as effect estimates.
The direction of effect size was recoded such that a positive
mean difference indicated a greater improvement in outcome
measures in the intervention group relative to the control
group. Random effects models were used to minimize heter-
ogeneity across studies, considering the differences in study
design and outcome measures. The I? statistic was used to
rate heterogeneity as low (<25%), moderate (25%-50%) or
high (>50%) (Higgins et al., 2003). Leave-one-out sensitiv-
ity analysis was performed for the presence of large hetero-
geneity. Consistency test was evaluated by fitting consist-
ency and inconsistency network meta-analysis models. The
local inconsistency test evaluated the difference between
direct and indirect estimates in all closed loops in the net-
work. The inconsistency of the model was assessed using
node splitting (Chaimani et al., 2013). When the p-value
exceeded 0.05, the consistency model was used to calculate
the effect size of different interventions and evaluate the
rank probabilities (Higgins et al., 2012). The surface under
cumulative ranking curve (SUCRA) percentage values were
used to predict the probability ranking for each intervention.
The SUCRA range from O to 100%; larger SUCRA indi-
cate more effective intervention methods (Mbuagbaw et al.,
2017; Shim et al., 2017). Furthermore, comparison-adjusted
funnel plots were generated and visually inspected using
the symmetry criterion for the presence of publication bias.

Results
Study Selection

The flow of the systematic review is presented in Fig. 1. The
electronic database search yielded 5846 records after dupli-
cates were removed. Additionally, 43 records were located
via the reference lists of previously published systematic
reviews. The examination of titles and abstracts resulted
in the retrieval of 229 full-text records. Following full-text
review, 37 studies were included in qualitative analysis.
Of these studies, 29 (78.4%) were deemed eligible for the
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Records identified through
database searching
(n=18021)

Additional records identified

through other resources
(n=52)

Identification

Records after duplicates removed

-Database searching (n=5846)
-Other resources (n=43)

Screening

Eligibility

Included

l

(n=5889)

'

Full-text articles assessed

Title/abstract screened >

Records excluded
(n=5660)

for eligibility
(n=229)

l

Studies included in
quatitative
synthesis (n=37)

l

Studies included in
quantitative synthesis

Network meta-analysis:
motor function (n=12),
social function (n=17),
communication (n=8),
stereotyped behavior (n=5)

Full-text articles excluded,
with reasons (n=192)

-Not in English (n=21)

-Not meeting the intervention
of this review (n=9)

-Not control group (n=32)
-Not ASD only (n=9)

-Not children only (n=7)

-No outcome measures of
interest (n=38)

-Registered trials (n=7)
-Review (n=19)
-Conference abstract (n=21)
-Case report (n=22)
-Protocol study (n=3)
-Report/Letter (n=4)

Fig.1 PRISMA flow chart of the study selection process

network meta-analyses (motor function, n=12; social func-
tion, n=17; communication, n = 8; stereotyped behavior,
n=>5).

Characteristics of the Studies
A detailed summary of each included study (n=37) is pre-
sented in Supplementary Table 3. These studies were con-

ducted in Australia (n=2), China (n=38), Canada (n=1),
Hungary (n=1), Iran (n=12), Israel (n=1), Italy (n=2),
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Portugal (n=1), Spain (n=1), Turkey (n=2), and Amer-
ica (n=26). In this study, 26 RCTs and 11 CTs published
between 2009 and 2021 were included. Among them, only
two included studies (Hassani et al., 2020; Rafiei Milajerdi
et al., 2021) were comprised of three arms.

A total of 1200 participants (631 treatments and 569 con-
trols) with an average age range from 4.3 (SD=0.2) to 10.8
(SD=2.4) years, were investigated across the 37 studies. Of
these, 971 (80.9%) were male. Six studies (Arslan et al., 2020;
Borgi et al., 2016; Moradi et al., 2020; Nazemzadegan et al.,
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2016; Pan, 2010; Pan et al., 2017) only included males, one
study (Najafabadi et al., 2018) did not report sex, and the
remainder included both sexes. Twenty-two studies reported
the Diagnostic and Statistical Manual of Mental Disorders
(DSM) as a diagnostic criterion for ASD, three studies (Gabri-
els et al., 2015; Ketcheson et al., 2016; Rafiei Milajerdi et al.,
2021) reported Autism Diagnostic Observation Schedule
(ADOS), and 12 studies did not report a diagnostic criterion.
Five studies (Bahrami et al., 2012, 2016; Moradi et al., 2020;
Movahedi et al., 2013; Sarabzadeh et al., 2019) used Gilliam
Autism Rating Scale (GARS) to assess the severity of ASD,
five studies (Cai et al., 2020a, b; Garcia-Gémez et al., 2014,
Wang et al., 2020; Yang et al., 2021) used Childhood Autism
Rating Scale (CARS), two studies used ADOS (Caputo et al.,
2018; Ketcheson et al., 2016), two studies (Howells et al.,
2020, 2021) used Social Responsiveness Scale (SRS), only
one study (Sotoodeh et al., 2017) used Autism Diagnostic
Interview (ADI), and 22 studies did not report severity.

The intervention duration ranged from 4 to 48 weeks,
with more than three-quarters (75.6%) of studies reporting
interventions that lasted more than 12 weeks. The average
number of sessions per week was 2.7 (SD=1.5), the mean
length per session was 56.5 (SD =35.4) min, and the maxi-
mum duration per day was 4 h. Further details relating to the
interventions are reported in Supplementary Table 3.

In terms of intervention categories, studies included 17
physical activity interventions: Aquatic exercise (AE) (stud-
ies: n=3, participants: n=28), fundamental motor skill
intervention (FMS) (studies: n==6, participants: n=69),
gymnastic exercises (GE) (studies: n=1, participants:
n=15), I can have physical literacy (ICPL) (studies: n=1,
participants: n=11), Kinect (studies: n=1, participants:
n=20), Kata techniques (KT) (studies: n=3, participants:
n=45), Mini-basketball training program (MBTP) (stud-
ies: n=4, participants: n=63), outdoor adventure pro-
gram (OAP) (studies: n=1, participants: n =30), organized

football program (OFP) (studies: n =2, participants: n=35),
perceptual-motor exercises (PME) (studies: n=1, par-
ticipants: n=25), Qigong sensory training (QST) (studies:
n=1, participants: n=25), Sport, Play, and Active Recrea-
tion for Kids (SPARK) (studies: n =3, participants: n=42),
Tai Chi Chuan (studies: n=2, participants: n=21), tram-
poline-based training (TBT) (studies: n=1, participants:
n=23), therapeutic horseback riding (THR) (studies: n =6,
participants: n=144), table tennis exercise (TTE) (studies:
n=1, participants: n=11), Yoga training program (YTP)
(studies: n=2, participants: n=39).

Risk of Bias Assessment

The summary of the risk of bias is presented in Supple-
mentary Table 4. The quality of the included studies was
generally not very high (Fig. 2). More than half of (51.4%)
included studies had a low risk in overall bias. Twenty-four
(92.3%) included RCTs had a low risk in randomization pro-
cess. More than half (51.4) of the studies had a high risk
of bias in measurement of the outcome. As some autism
behavioral assessment instruments are reported by parents
or caregivers, most of the studies involved parents during the
implementation of the physical activity intervention, which
may influence the assessment of outcomes by knowledge of
the intervention received. All included studies had a low risk
of bias for selection of the reported result, missing outcome
data, and deviations from intended interventions.

Results of the Network Meta-analysis
Motor Function
Seventeen studies (Arslan et al., 2020; Borgi et al., 2016;

Bremer et al., 2015; Caputo et al., 2018; Fragala-Pinkham
et al., 2011; Gabriels et al., 2015; Hassani et al., 2020;

Fig.2 Risk of bias of included
studies. Percentage of studies
with low, unclear, and high

risk of bias for each feature of
the Version 2 of the Cochrane
risk-of-bias tool (RoB 2.0).
Randomization process is only
rated for randomized controlled
trials

Overall Bias

Selection of the reported result

Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process

As percentage (intention-to-treat)

50 60 70 80 20 10

0 10 20 30 40 0

Low risk Some concerns | High risk
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Howells et al., 2021; Ketcheson et al., 2016; Lourenco et al.,
2015; Najafabadi et al., 2018; Pan et al., 2017; Rafiei Milajerdi
etal., 2021; Sansi et al., 2021; Sarabzadeh et al., 2019; Steiner
& Kertesz, 2015; Zamani Jam et al., 2018) assessed motor
function, five studies (Arslan et al., 2020; Howells et al., 2021;
Ketcheson et al., 2016; Najafabadi et al., 2018; Sansi et al.,
2021) were qualitatively described, and 12 studies were eligi-
ble for network meta-analysis involving 11 intervention types.
The network geometry shows which interventions have been
compared directly in the included studies, and which could

Motor function

TTE

THR

Kinect

GE

Tai Chi Chuan

Communication

AE

YTP

THR

FMS

Fig.3 Network meta-analysis graphs for comparison of differ-
ent interventions on motor function, social function, communica-
tion, and stereotyped behavior. The size of the nodes relates to the
number of participants in that intervention type, and the thickness
of lines between the interventions relates to the number of studies
for that comparison. CON=Control group; AE=Aquatic exercise;
FMS =Fundamental motor skill intervention; GE=Gymnastic exer-
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only be compared indirectly (Fig. 3). In the motor function
network plot, only SPARK existed for direct comparisons
with ICPL and Kinect among different interventions. The
global consistency of direct and indirect effects in pairwise
and multi-arm comparisons was tested using the inconsistency
network models. The assumption of inconsistency between
direct and indirect estimates was not significantly different
(p=0.76), indicating that indirect estimates were consistent
with direct evidence (Supplementary Table 5). Loop-spe-
cific heterogeneity was explored with an inconsistency plot

Social function

MBTP
OAP
SPARK
FMS
THR
Stereotyped behavior
PME KT
FMS CON
MBTP THR

cises; ICPL=I can have physical literacy; KT =XKata techniques;
MBTP =Mini-basketball training program; OFP = Organized football
program; OAP=Outdoor adventure program; PME =Perceptual-
motor exercises; SPARK=Sport, Play, and Active Recreation for
Kids; TBT =Trampoline-based training; THR =Therapeutic horse-
back riding; TTE=Table tennis exercise; YTP=Yoga training pro-
gram
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(Supplementary Fig. 1). Inconsistency factor (IF) did not indi-
cate high inconsistency (IF=0.35). The heterogeneity term,
72, was 0.000 in magnitude for the networks, and therefore,
the assumption of consistency was upheld.

In this study, for the 11 interventions on motor function
outcomes, there are 55 relative effect estimates. We can pre-
sent these results using a square matrix called a league table,
which contains all information about relative effectiveness
of all possible pairs of interventions. The results for motor
function using network meta-analysis are presented in Fig. 4
and Supplementary Fig. 2. The results demonstrated that,
compared with controls, THR (SMD: 2.08, 95% CI: 1.24 to
2.91) and Tai Chi Chuan (SMD: 4.47,95% CI: 2.33 t0 6.61)
yielded better outcomes, while other types of intervention
did not yield significant differences for improving motor
function. Furthermore, Tai Chi Chuan was significantly
more effective than other interventions in improving motor
function. AE (SMD: -1.80, 95% CI: -3.10 to -0.51), SPARK
(SMD: -1.65, 95% CI: -2.86 to -0.44), Kinect (SMD: -2.07,
95% CI: -3.46 to -0.68), and GE (SMD: -1.87, 95% CI: -3.37
to -0.38) resulted in lower motor function compared with

THR. The ranking of intervention effects based on SUCRA
is shown in Fig. 5 and Supplementary Fig. 3. The results
demonstrated that, in comparison with the control condition,
Tai Chi Chuan was ranked as the most effective (SUCRA:
99.4%), followed by THR (SUCRA: 83.1%). Kinect ranked
the lowest on efficacy (SUCRA: 18.6%), and all of the inter-
ventions ranked higher than the control group. Furthermore,
the results of the comparison-adjusted funnel plot are pro-
vided in Supplementary Fig. 4, and no significant asym-
metry was found.

Data from pairwise meta-analysis provided evidence
of considerable heterogeneity (I>=77%) among the three
studies (Borgi et al., 2016; Gabriels et al., 2015; Steiner &
Kertesz, 2015) on the effect of THR on motor function. The
sensitivity analysis showed that the heterogeneity dropped
to O after deleting the references (Steiner & Kertesz, 2015)
with the biggest difference from others. Sensitivity analyses
showed that there was no single study influential enough to
change the conclusions (Supplementary Table 6).

Motor function
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-0.01 (-1.09,1.07) AE KT Stereotyped behavior
0.42 (-0.61,1.46) [0.43 (-0.65,1.50) YTP 0.08 (-0.87,1.04) PME
0.18 (-0.61,0.96) (0.18 (-0.66,1.02) |-0.24 (-1.03,0.54) THR 0.49 (-0.76,1.74) [ 0.40 (-0.75,1.55) FMS
-0.30 (-1.24,0.64)|-0.29 (-1.28,0.69)|-0.72 (-1.66,0.21)|-0.48 (-1.13,0.17), FMS 0.38 (-0.64,1.41)(0.30 (-0.61,1.21) |-0.10 (-1.32,1.11) MBTP
0.16 (-0.81,1.12) [0.16 (-0.85,1.17) |-0.26 (-1.23,0.70)[-0.02 (-0.71,0.67)| 0.46 (-0.40,1.32) OFP | 0.70 (-0.14,1.54)[0.61 (-0.07,1.30) | 0.21 (-0.85,1.27) [ 0.31 (-0.47,1.10) THR |
0.60 (-0.13,1.34) [0.61 (-0.18,1.40) | 0.18 (-0.55,0.91) | 0.43 (0.14,0.71) | 0.90 (0.32,1.49) (0.45 (—0,18,1,07)| CON 0.90 (0.15,1.66) | 0.82 (0.24,1.40) | 0.42 (-0.58,1.41) | 0.52 (-0.18,1.22) | 0.20 (-0.16,0.57)[ CON

Fig.4 League table representing summary estimates from network
meta-analysis. Comparisons of the effects (SMD (95% CI)) of dif-
ferent interventions on motor function, social function, communica-
tion, and stereotyped behavior using network meta-analysis. Signifi-
cant differences are highlighted by bold type. CON = Control group;
AE =Aquatic exercise; FMS =Fundamental motor skill interven-
tion; GE =Gymnastic exercises; ICPL =1 can have physical literacy;

KT=Kata techniques; MBTP=Mini-basketball training program;
OFP =0Organized football program; OAP=Outdoor adventure pro-
gram; PME =Perceptual-motor exercises; SPARK=Sport, Play,
and Active Recreation for Kids; TBT =Trampoline-based training;
THR =Therapeutic horseback riding; TTE=Table tennis exercise;
YTP=Yoga training program
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Fig.5 The surface under cumulative ranking curves (SUCRAs) for
the assessment of different interventions on motor function, social
function, communication, and stereotyped behavior. Rank 1 indi-
cates the probability that a treatment is best. CON = Control group;
AE=Aquatic exercise; FMS =Fundamental motor skill interven-
tion; GE =Gymnastic exercises; ICPL=I can have physical literacy;

Social Function

Twenty (Bass et al., 2009; Borgi et al., 2016; Cai et al.,
2020a, b; Caputo et al., 2018; Gabriels et al., 2015; Garcia-
Gomez et al., 2014; Howells et al., 2020; Koenig et al.,
2012; Movahedi et al., 2013; Najafabadi et al., 2018; Pan,
2010; Sansi et al., 2021; Sotoodeh et al., 2017; Steiner &
Kertesz, 2015; Wang et al., 2020; Yang et al., 2021; Zachor
et al., 2017; Zhao & Chen, 2018; Zhao et al., 2021) stud-
ies reported social function; three studies (Garcia-Gomez
et al., 2014; Koenig et al., 2012; Sansi et al., 2021) were
qualitatively described; seventeen studies included nine
interventions and control arms were eligible for network
meta-analysis (Fig. 3). According to the results of network
meta-analysis (Fig. 4, Supplementary Fig. 5), KT (SMD:
1.40, 95% CI: 0.59 to 2.20), MBTP (SMD: 0.67, 95% CI:
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KT=Kata techniques; MBTP=Mini-basketball training program;
OFP =0Organized football program; OAP=Outdoor adventure pro-
gram; PME =Perceptual-motor exercises; SPARK=Sport, Play,
and Active Recreation for Kids; TBT =Trampoline-based training;
THR =Therapeutic horseback riding; TTE=Table tennis exercise;
YTP=Yoga training program

0.30 to 1.04), FMS (SMD: 1.20, 95% CI: 0.60 to 1.81), and
THR (SMD: 1.18, 95% CI: 0.91 to 1.45) had a significantly
greater effect on enhancing social function compared with
the control condition. THR significantly improved social
function compared to other interventions except for SPARK
(SMD: -0.41, 95% CI: -1.26 to 0.44) and FMS (SMD: 0.02,
95% CI: -0.64 to 0.68). In addition, KT (SMD: 1.16, 95%
CI: 0.07 to 2.25) and FMS (SMD: 0.97, 95% CI: 0.02 to
1.92) also showed greater efficacy than YTP. The results
of the SUCRAs (Fig. 5, Supplementary Fig. 6) indicated
that KT (SUCRA: 89.0%) had the greatest likelihood of
being the most effective intervention for improving social
functioning, followed by THR (SUCRA: 84.0%) and
FMS (SUCRA: 82.6%). YTP (SUCRA: 23.3%) was most
likely to be the least effective for social function, and all
interventions ranked higher than the control group. The
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comparison-adjusted funnel plots indicated that there was
no significant publication bias (Supplemental Fig. 7).

We found high heterogeneity (I>=83%) among the five
studies (Bass et al., 2009; Borgi et al., 2016; Gabriels et al.,
2015; Steiner & Kertesz, 2015; Zhao et al., 2021) of THR
on social function (Supplementary Table 6). The sensitivity
analysis showed that the heterogeneity dropped to O after
deleting two studies (Borgi et al., 2016; Steiner & Kertesz,
2015) with a bigger difference from others. Analysis of
the other three studies (Bass et al., 2009; Gabriels et al.,
2015; Zhao et al., 2021) showed that the intervention dura-
tion ranged from 10 to 16 weeks, the Steiner study (2015)
(Steiner & Kertesz, 2015) had a shorter intervention period
(4 weeks), and the Borgi study (2016) (Borgi et al., 2016)
had a longer intervention period (25 weeks). Furthermore,
two studies (Bass et al., 2009; Gabriels et al., 2015) used
Social Responsiveness Scale (SRS) as outcome measures,
while the other three studies used Vineland Adaptive Behav-
ior Scale (VABS) (Borgi et al., 2016), Pedagogical Analysis
and Curriculum (PAC) (Steiner & Kertesz, 2015), and The
Social Skills Improvement System Rating Scales (SSIS)
(Zhao et al., 2021) as outcome measures. The difference may
be caused by the duration of intervention and the outcome
measures varying across several studies. Sensitivity analyses
showed that there was no single study influential enough to
change the conclusions.

Communication

Ten studies (Bahrami et al., 2016; Caputo et al., 2018;
Gabriels et al., 2015; Howells et al., 2020; Koenig et al.,
2012; Silva et al., 2009; Sotoodeh et al., 2017; Steiner &
Kertesz, 2015; Zhao & Chen, 2018; Zhao et al., 2021)
reported communication, two studies (Koenig et al., 2012;
Silva et al., 2009) were qualitatively described, and eight
studies including seven intervention types were eligible for
network meta-analysis (Fig. 3). The network meta-analysis
(Fig. 4, Supplementary Fig. 8) revealed that THR (SMD:
0.43,95% CI: 0.14 to 0.71) and FMS (SMD: 0.90, 95% CI:
0.32 to 1.49) were statistically superior to the control group
in improving communication. According to the SUCRAs
(Fig. 5, Supplementary Fig. 9), the physical activity inter-
vention ranked as having the greatest likelihood of being the
most effective was FMS (SUCRA: 85.9%). YTP (SUCRA:
28.9%) was most likely to be the least effective for commu-
nication. All of the physical activity interventions ranked
better than the control group. The comparison-adjusted fun-
nel plots indicated that there was no significant publication
bias (Supplementary Fig. 10).

We found high heterogeneity (I=91%) among the three
studies (Gabriels et al., 2015; Steiner & Kertesz, 2015; Zhao
et al., 2021) on the effect of THR on communication (Sup-
plementary Table 6), and sensitivity analysis indicated that

the heterogeneity persisted even if any of the studies were
removed separately. The analysis of the three studies showed
that the difference may be caused by the dosage of sessions
and outcome measures. Gabriels et al. (2015) reported 10 ses-
sions of THR intervention, using the VABS scale to measure
communication ability; Steiner and Kertesz (2015) conducted
4 intervention sessions and used the PAC scale for measure-
ment; Zhao et al. (2021) conducted 32 intervention sessions
and used SSIS to assess communication. There is no single
study influential enough to change the conclusions.

Stereotyped Behavior

Seven studies reported stereotyped behavior (Bahrami et al.,
2012; Gabriels et al., 2015; Koenig et al., 2012; Moradi et al.,
2020; Nazemzadegan et al., 2016; Tabeshian et al., 2021;
Wang et al., 2020), and five studies (Bahrami et al., 2012;
Gabriels et al., 2015; Moradi et al., 2020; Nazemzadegan
etal., 2016; Wang et al., 2020) involving five interventions and
control arms were eligible for network meta-analysis (Fig. 3).
The results indicated that, compared with no intervention, KT
(SMD: 0.90, 95% CI: 0.15 to 1.66) and PME (SMD: 0.82,
95% CI: 0.24 to 1.40) significantly alleviated stereotyped
behaviors (Fig. 4, Supplementary Fig. 11). The results of the
SUCRAs (Fig. 5, Supplementary Fig. 12) revealed that, in
comparison with the control condition, KT (SUCRA: 81.0%)
was the best intervention, and THR (SUCRA: 30.6%) was
most likely to be the least effective for reducing stereotyped
behaviors. All of the physical activity interventions ranked
better than the control group. The comparison-adjusted funnel
plots indicated that there was no significant publication bias
(Supplementary Fig. 13).

Discussion
Summary of Evidence

In this first network meta-analysis of physical activity inter-
ventions in children with ASD, our purpose was to evaluate
the efficacy of different interventions for motor function,
social function, communication, and stereotyped behavior
in children with ASD. According to the results of the NMA,
Tai Chi Chuan appeared to be the most promising inter-
vention for motor function, KT might be optimal for social
functioning and stereotyped behaviors, and FMS should
be considered as an optimal intervention for improving
communication.

Comparisons with Previous Studies and Theoretical
Implications of Results

Consistent with the results of this study, previous system-
atic reviews and meta-analyses showed robust benefits
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of different physical activities (e.g., fundamental motor
skill intervention, aquatic, and simulated horse-riding) on
motor function in children with ASD (Case & Yun, 2019;
Healy et al., 2018; Ruggeri et al., 2020; Sam et al., 2015;
Sowa & Meulenbroek, 2012).

Despite numerous reported benefits of physical activ-
ity, physical activity levels in children with ASD are sig-
nificantly lower than those of typically developing peers
(Borremans et al., 2010; Macdonald et al., 2011). This
physical inactivity could be attributed to their social and
communicational impairments as well as problems in
behavioral, sensory, and motor domains (Damme et al.,
2015; Srinivasan et al., 2014). In addition, individuals
with ASD typically suffer from difficulties with balance,
postural stability, gait, joint flexibility and movement
speed, which may be exacerbated by reduced opportunities
to participate in physical activity (Lang et al., 2010). With
the potential physical, psychological and behavioral ben-
efits of increased exercise for people with ASD, there is a
need to better understand which specific physical activity
interventions are most appropriate.

In the network meta-analysis, for motor function, the
results of SUCRASs demonstrated that the surface area for
Tai Chi Chuan reaches 99.4%, confirming that it is the best
intervention. It incorporates balance and mental stimulation
and focuses on promoting balance, proprioceptive function
and body awareness, which may contribute to improving
cognitive and behavioral problems in individuals with ASD.
Additionally, the repetitive sit-to-stand movements, bal-
ance, relaxation, and mental stimulation tasks in Tai Chi
Chuan, as well as sensory-motor exercises, can better inte-
grate the left and right hemispheres and increase environ-
mental perception, which can lead to increased tolerance
thresholds and decrease anxiety (Gatts, 2008; Sarabzadeh
et al., 2019). Furthermore, from the perspective of neuro-
pathology, Tai Chi Chuan, as a moderate-intensity physical
activity, stimulates the secretion of cytokines or metabolic
hormones from several organs that play an important role
in regulating neuronal metabolism, neuroinflammation and
neuroplasticity underlying changes in brain function (Bay &
Pedersen, 2020; Ignéacio et al., 2019; Murphy et al., 2020).
Tai Chi can be considered as an intervention to increase the
physical activity level and improve the motor function of
children with ASD. In addition, THR also showed notable
beneficial effects on motor function in our study. THR is
an animal-assisted therapy that can improve motor function
due to the rhythmic equine movements imposed on the par-
ticipant’s body, which improve balance, muscle symmetry,
coordination, and posture. Correspondingly, we found that
THR can also improve social and communication deficits, it
is due to the recognized ability of some animals to interact
positively with people, which can potentially counteract the
social withdrawal of these individuals (Borgi et al., 2016).
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Motor and social communication impairments in chil-
dren with ASD are linked. Physical activities not only enable
children to engage in social and communicative behavior,
but they also improve their ability to receive perceptual
information from their surroundings. Motor clumsiness will
contribute to missed opportunities, reduced contact with
coordinated and agile peers, and may lead to delayed social
skills and long-term social impairment (Bhat et al., 2011).
The results of the SUCRAS revealed that FMS (SUCRA:
85.9%) appears to have optimal benefits for communica-
tion. Participating in FMS (e.g., group ball exercise) allows
children with ASD to experience a fun activity with their
peers and to promote the development of social, emotional,
and communication skills (Zhao & Chen, 2018). Several
systematic reviews (Bremer et al., 2016; Chan et al., 2021;
Howells et al., 2019; Huang et al., 2020) have also demon-
strated the efficacy of physical activity interventions (e.g.,
jogging, horseback riding, martial arts, and swimming) in
improving the communication and social functioning of
individuals with ASD.

The results of the SUCRAS indicated that KT (SUCRA:
89.0%) had the greatest likelihood of being the most effec-
tive intervention for improving social functioning. KT may
provide a great deal of social interaction for children with
ASD, which can lead to a reduction in their social dysfunc-
tion. From a neurochemical perspective, abnormal levels of
neurotransmitters such as oxytocin and serotonin in individ-
uals with ASD are associated with social functioning (Blatt,
2010), and KT may improve the synthesis and metabolism of
neurotransmitters in the brain, which consistently decrease
social dysfunction in children with ASD. In addition, accord-
ing to the SUCRAS, we found that KT (SUCRA: 81.0%) was
also the most beneficial intervention for improving stereo-
typed behavior. Several studies (Ferreira et al., 2019; Huang
et al., 2020; Petrus et al., 2008; Tarr et al., 2020; Teh et al.,
2021) also reported the positive effects of physical activ-
ity on alleviating stereotyped behaviors in individuals with
ASD. One possible explanation is that fatigue resulting from
physical activity ameliorates maladaptive behaviors (Lang
et al., 2010; Sefen et al., 2020). Stereotypic behaviors are
often considered to be due to the pleasurable intrinsic effects
that the behavior itself has on the individual. The physi-
cal stimulation obtained through exercise may be similar to
that obtained through stereotypic behavior in some children
(Rapp et al., 2004). KT may involve similar body mechanics
to stereotypical behaviors and therefore may produce simi-
lar internal states; it is possible that stereotypic behaviors
may be allocated to physical activities that receive other
reinforcements.

The quality of some of the studies included in this sys-
tematic review is limited, which may introduce bias and
affect the credibility of the results. Similarly, the previous
meta-analyses were also limited by the existing studies, and
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the included studies in the analysis had the same limitations
of high risk of bias, small number of participants and low
quality of studies (Chan et al., 2021; Howells et al., 2019;
Zhang et al., 2020). While many of the existing studies in
this area have apparent biases and design limitations, they
nonetheless provide insight into the positive effects of physi-
cal activity on children with ASD.

The network meta-analysis conducted in our study makes
robust contributions to the literature beyond the previous
findings. It provides details on which type of physical activ-
ity is most appropriate for children with ASD, thus provid-
ing additional information and valuable contributions to this
field of research. However, the variation in the measurement
instruments for the outcomes (motor function, social func-
tion, communication and stereotyped behavior) across stud-
ies may be a contributing factor to the wide heterogeneity in
the results of this meta-analysis. We have selected standard-
ized mean difference (SMD) as the effect size to minimize
the effect of differences in measurement instruments and
units across studies on the results (Higgins & Green, 2011).
The application of standardized assessment instruments in
future studies could increase the reliability and consistency
of results.

Strengths and Limitations

To our knowledge, our review is the first to use network meta-
analysis to quantitatively compare the effectiveness of differ-
ent physical activity interventions for children with ASD. This
design can provide indirect comparisons and allow firmer
conclusions to be drawn about the comparative effectiveness
and relative rankings of different interventions. The current
review conducted a systematic literature search, using stand-
ardized inclusion and exclusion criteria to include relevant
studies and to determine effect sizes from available data.
However, there are several noteworthy limitations of this
network meta-analysis. First, the measurement instruments
for the outcomes and characteristics of interventions (e.g.,
duration, and length of the experimental period) varied
across the included studies. These differences may cause
heterogeneity and reduce the precision of the overall effect
estimation. The use of SMDs circumvents the uncertainty
related to measuring heterogeneity. In addition, we per-
formed sensitivity analysis and found that the studies with
heterogeneity did not alter the conclusions. Additionally, our
network meta-analysis lacked exploration regarding the most
effective exercise dose due to limitations in the design of the
included studies, which is another important factor for the
effectiveness of rehabilitation. Furthermore, the sample size
of the included studies was relatively small; only eight of the
included studies had a sample size of over 30 participants for
each comparison group, which introduced imprecision into
the indirect comparisons. Second, some comparisons were

limited by the number of included studies; there were not
enough studies to enable us to directly compare the effects
among different interventions. Additionally, the network
meta-analysis included only five intervention studies that
used stereotypical behaviors as an outcome measure, and
the sample size for each included study was relatively small.
Third, some publication bias may have been caused by our
exclusion of studies published in languages other than Eng-
lish, although comparison-adjusted funnel plots did not indi-
cate publication bias. Finally, the high risk of bias in some
of the included studies could threaten the overall validity of
the current findings. On the one hand, some of the included
studies had a high risk of bias in terms of randomization
process, which may introduce selection bias, in that some
participants were more likely to be exposed to a particu-
lar intervention than others. On the other hand, most of the
included studies have a high risk of bias in measurement of
the outcome, which may result from the outcome assessors’
knowledge of group allocation of participants and expecta-
tions of intervention’s effects. This can affect the objectivity
of outcome assessment (e. g. parents of participants in the
intervention group are more likely to see outcome improve-
ments in their children).

Implications and Future Research

We believe that future research is required to address several
important issues. First, the description of the exercise interven-
tion models for the ASD population is still not clear in specific
details such as intensity, volume, and frequency of exercise. It
is not possible to determine which exercise prescription is opti-
mal for children with ASD. We recommend that future stud-
ies should consider examining the effects of different exercise
intervention protocols. Second, given the included studies had
a high risk of bias, this highlights the need to conduct more
high-quality RCTs in the future, with increased numbers of
participants in different intervention types, more rigorous ran-
domization processes, and blinding of outcome assessments,
which will contribute to more reliable and accurate results on
the effects of physical activity on motor functioning, social
functioning, communication and stereotyped behaviors in chil-
dren with ASD.

Additionally, future large-scale studies with direct com-
parisons between different interventions are needed to vali-
date the effectiveness of the best interventions we identified.
We also recommend that stereotyped behavior should be the
focus of experimental outcomes in future RCTs. Finally, we
suggest that standardized assessment instruments be consid-
ered, as the majority of studies included in the current review
assessed outcomes via different instruments. Moreover, regu-
larly updating network meta-analyses on this topic is crucial
for researchers, as new data are continually released.
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Conclusions

This network meta-analysis provides valuable information
for the clinical application of physical activity as a com-
plementary strategy for other therapies in the management
of ASD. Our review suggests that Tai Chi Chuan may be
the most promising intervention for motor function, and KT
may be optimal for improving social functioning and stereo-
typed behaviors. FMS should be considered as an optimal
intervention for improving communication. It is crucial that
the therapists should work with people with ASD to iden-
tify a modality suitable for their capabilities and interests to
increase the likelihood of efficacy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40489-023-00418-x.

Authors’ Contributions Yinhua Li, Wanting Lan and Xiaohui Hou
planned and designed the research; Jiugen Zhong and Yanqing Feng
provided methodological advice; Yinhua Li and Wanting Lan tested
the feasibility of the study; Yinhua Li, Wanting Lan, Yanqing Feng and
Xiaohui Hou extract data; Yinhua Li and Yanqing Feng performed the
statistical analysis; Yinhua Li wrote the manuscript; Zhi Zou, Jiugen
Zhong, Cindy Hui-Ping Sit and Xiaohui Hou reviewed and edited the
initial draft and its revisions; Yingying Shen, Jiaheng Gong, Benxuan
Zhao and Cong Tong refined and revised the manuscript; all authors
approved the final version of the manuscript.

Data Availability The authors confirm that the data supporting the find-
ings of this study are available within the article and its supplementary
materials.

Declarations

Ethics Committee Approval The manuscript is a systematic review that
does not require ethics committee approval.

Conflicts of Interest The authors report no conflicts of interest.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

American Psychiatric Association. (2013). Diagnostic and statisti-
cal manual of mental disorders (5th ed.). American Psychiatric
Association.

@ Springer

Arslan, E., Ince, G., & Akyuz, M. (2020). Effects of a 12-week struc-
tured circuit exercise program on physical fitness levels of chil-
dren with autism spectrum condition and typically developing
children. International Journal of Developmental Disabilities,
68(4), 500-510.

Bahrami, F., Movahedi, A., Marandi, S. M., & Abedi, A. (2012). Kata
techniques training consistently decreases stereotypy in children
with autism spectrum disorder. Research in Developmental Dis-
abilities, 33(4), 1183-1193.

Bahrami, F., Movahedi, A., Marandi, S. M., & Sorensen, C. (2016).
The effect of karate techniques training on communication
deficit of children with autism spectrum disorders. Journal of
Autism and Developmental Disorders, 46(3), 978-986.

Bass, M. M., Duchowny, C. A., & Llabre, M. M. (2009). The effect
of therapeutic horseback riding on social functioning in children
with autism. Journal of Autism and Developmental Disorders,
39(9), 1261-1267.

Baxter, A. J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos,
T., & Scott, J. G. (2015). The epidemiology and global burden
of autism spectrum disorders. Psychological Medicine, 45(3),
601-613.

Bay, M. L., & Pedersen, B. K. (2020). Muscle-Organ Crosstalk: Focus
on Immunometabolism. Frontiers in Physiology, 11, 567881.

Bhat, A. N,, Landa, R. J., & Galloway, J. C. (2011). Current perspec-
tives on motor functioning in infants, children, and adults with
autism spectrum disorders. Physical Therapy, 91(7), 1116-1129.

Blatt, G. (2010). The neurochemical basis of autism: From molecules
to minicolumns. Springer.

Borgi, M., Loliva, D., Cerino, S., Chiarotti, F., Venerosi, A., Bramini,
M., ..., & Cirulli, F. (2016). Effectiveness of a standardized
equine-assisted therapy program for children with autism spec-
trum disorder. Journal of Autism and Developmental Disorders,
46(1), 1-9. https://doi.org/10.1007/s10803-015-2530-6

Borremans, E., Rintala, P., & McCubbin, J. A. (2010). Physical fitness
and physical activity in adolescents with asperger syndrome: A
comparative study. Adapted Physical Activity Quarterly: APAQ,
27(4), 308-320.

Bremer, E., Balogh, R., & Lloyd, M. (2015). Effectiveness of a funda-
mental motor skill intervention for 4-year-old children with autism
spectrum disorder: A pilot study. Autism, 19(8), 980-991.

Bremer, E., Crozier, M., & Lloyd, M. (2016). A systematic review
of the behavioural outcomes following exercise interventions for
children and youth with autism spectrum disorder. Autism, 20(8),
899-915.

Buescher, A. V., Cidav, Z., Knapp, M., & Mandell, D. S. (2014). Costs
of autism spectrum disorders in the United Kingdom and the
United States. JAMA Pediatrics, 168(8), 721-728.

Cai, K., Yu, Q., Herold, F., Liu, Z., Wang, J., Zhu, L., Xiong, X., Chen,
A., Miiller, P., Kramer, A. F., Miiller, N. G., Zou, L. (2020a).
Mini-basketball training program improves social communication
and white matter integrity in children with autism. Brain Sciences,
10(11), 803. https://doi.org/10.3390/brainscil0110803

Cai, K. L., Wang, J. G., Liu, Z. M., Zhu, L. N., Xiong, X., Klich, S.,
..., & Chen, A. G. (2020b). Mini-basketball training program
improves physical fitness and social communication in preschool
children with autism spectrum disorders. Journal of Human Kinet-
ics, 73(1),267-278.

Caputo, G., Ippolito, G., Mazzotta, M., Sentenza, L., Muzio, M. R.,
Salzano, S., & Conson, M. (2018). Effectiveness of a multisystem
aquatic therapy for children with autism spectrum disorders. Jour-
nal of Autism and Developmental Disorders, 48(6), 1945-1956.

Case, L., & Yun, J. (2019). the effect of different intervention
approaches on gross motor outcomes of children with autism
spectrum disorder: A meta-analysis. Adapted Physical Activity
Quarterly: APAQ, 36(4), 501-526.


https://doi.org/10.1007/s40489-023-00418-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10803-015-2530-6
https://doi.org/10.3390/brainsci10110803

Review Journal of Autism and Developmental Disorders

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical
activity, exercise, and physical fitness: Definitions and distinctions
for health-related research. Public Health Reports (Washington,
D.C.: 1974), 100(2), 126-131.

Chaimani, A., Higgins, J. P., Mavridis, D., Spyridonos, P., & Salanti,
G. (2013). Graphical tools for network meta-analysis in STATA.
PLoS ONE, 8(10), 76654.

Chan, J. S. Y., Deng, K., & Yan, J. H. (2021). The effectiveness of
physical activity interventions on communication and social func-
tioning in autistic children and adolescents: A meta-analysis of
controlled trials. Autism, 25(4), 874—-886.

Damme, T. V., Simons, J., Sabbe, B., & van West, D. (2015). Motor
abilities of children and adolescents with a psychiatric condition:
A systematic literature review. World Journal of Psychiatry, 5(3),
315-329.

Elsabbagh, M., Divan, G., Koh, Y. J., Kim, Y. S., Kauchali, S., Marcin,
C., ..., & Fombonne, E. (2012). Global prevalence of autism
and other pervasive developmental disorders. Autism Research,
5(3), 160-179.

Ferreira, J. P., Ghiarone, T., Junior, C. R. C., Furtado, G. E., Carvalho,
H. M., Rodrigues, A. M., & Toscano, C. V. A. (2019). Effects
of physical exercise on the stereotyped behavior of children
with autism spectrum disorders. Medicina (Kaunas, Lithuania),
55(10), 685. https://doi.org/10.3390/medicina55100685

Fragala-Pinkham, M. A., Haley, S. M., & O’Neil, M. E. (2011). Group
swimming and aquatic exercise programme for children with
autism spectrum disorders: A pilot study. Developmental Neu-
rorehabilitation, 14(4), 230-241.

Frye, R. E. (2022). A personalized multidisciplinary approach to evalu-
ating and treating autism spectrum disorder. Journal of Personal-
ized Medicine, 12(3), 464.

Gabriels, R. L., Pan, Z., Dechant, B., Agnew, J. A., Brim, N., & Mesi-
bov, G. (2015). Randomized controlled trial of therapeutic horse-
back riding in children and adolescents with autism spectrum dis-
order. Journal of the American Academy of Child and Adolescent
Psychiatry, 54(7), 541-549.

Garcia-GOmez, A., Risco, M. L., Rubio, J. C., Guerrero, E., & Garcia-
Peiia, I. M. (2014). Effects of a program of adapted therapeutic
horse-riding in a group of autism spectrum disorder children.
Electronic Journal of Research in Educational Psychology, 12(1),
107-128.

Gatts, S. (2008). Neural mechanisms underlying balance control in Tai
Chi. Medicine and Sport Science, 52, 87-103.

Hassani, F., Shahrbanian, S., Shahidi, S. H., & Sheikh, M. (2020).
Playing games can improve physical performance in children
with autism. International Journal of Developmental Disabili-
ties, 68(2), 219-226.

Healy, S., Nacario, A., Braithwaite, R. E., & Hopper, C. (2018). The
effect of physical activity interventions on youth with autism spec-
trum disorder: A meta-analysis. Autism Research, 11(6), 818-833.

Higgins, J. P., & Green, S. (2011). Cochrane handbook for systematic
reviews of interventions version 5.1.0: The Cochrane collabora-
tion. Available: http://handbook.cochrane.org. Accessed 15 Mar
2022.

Higgins, J. P., Jackson, D., Barrett, J. K., Lu, G., Ades, A. E., & White,
I. R. (2012). Consistency and inconsistency in network meta-
analysis: Concepts and models for multi-arm studies. Research
Synthesis Methods, 3(2), 98-110.

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G.
(2003). Measuring inconsistency in meta-analyses. BMJ (Clini-
cal Research Ed.), 327(7414), 557-560.

Howells, K., Sivaratnam, C., Lindor, E., He, J., Hyde, C., McGillivray,
J., ..., & Rinehart, N. (2021). Can a community-based football
program benefit motor ability in children with autism spec-
trum disorder? A pilot evaluation considering the role of social

impairments. Journal of Autism and Developmental Disorders,
52(1), 402-413.

Howells, K., Sivaratnam, C., Lindor, E., Hyde, C., McGillivray, J.,
Whitehouse, A., & Rinehart, N. (2020). Can participation in a
community organized football program improve social, behav-
ioural functioning and communication in children with autism
spectrum disorder? A pilot study. Journal of Autism and Devel-
opmental Disorders, 50(10), 3714-3727.

Howells, K., Sivaratnam, C., May, T., Lindor, E., McGillivray, J., &
Rinehart, N. (2019). Efficacy of group-based organised physical
activity participation for social outcomes in children with autism
spectrum disorder: A systematic review and meta-analysis. Jour-
nal of Autism and Developmental Disorders, 49(8), 3290-3308.

Huang, J., Du, C., Liu, J., & Tan, G. (2020). Meta-analysis on inter-
vention effects of physical activities on children and adolescents
with autism. International Journal of Environmental Research
and Public Health, 17(6), 1950. https://doi.org/10.3390/ijerp
h17061950

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C.
H., Cameron, C., . . ., & Moher, D. (2015). The PRISMA exten-
sion statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: Checklist and
explanations. Annals of Internal Medicine, 162(11), 777-784.

Hyman, S. L., Levy, S. E., Myers, S. M., & Council on Children with
Disabilities, Section on Developmental and Behavioral Pediatrics.
(2020). Identification, evaluation, and management of children
with autism spectrum disorder. Pediatrics, 145(1), €20193447.
https://doi.org/10.1542/peds.2019-3447

Ignacio, Z. M., da Silva, R. S., Plissari, M. E., Quevedo, J., & Réus,
G. Z. (2019). Physical exercise and neuroinflammation in major
depressive disorder. Molecular Neurobiology, 56(12), 8323-8335.

Kanner, L. (1943). Autistic disturbances of affective contact. Nervous
Child, 2,217-250.

Ketcheson, L., Hauck, J., & Ulrich, D. (2016). The effects of an early
motor skill intervention on motor skills, levels of physical activity,
and socialization in young children with autism spectrum disor-
der: A pilot study. Autism, 21(4), 481-492.

Koenig, K. P., Buckley-Reen, A., & Garg, S. (2012). Efficacy of the
Get Ready to Learn yoga program among children with autism
spectrum disorders: A pretest-posttest control group design. The
American Journal of Occupational Therapy, 66(5), 538-546.

Lai, M. C., Lombardo, M. V., & Baron-Cohen, S. (2014). Autism.
Lancet, 383(9920), 896-910.

Lang, R., Koegel, L. K., Ashbaugh, K., Regester, A., Ence, W., &
Smith, W. (2010). Physical exercise and individuals with autism
spectrum disorders: A systematic review. Research in Autism
Spectrum Disorders, 4(4), 565-576.

Leigh, J. P., & Du, J. (2015). Brief report: Forecasting the economic
burden of autism in 2015 and 2025 in the United States. Journal
of Autism and Developmental Disorders, 45(12), 4135-4139.

Liang, X., Li, R., Wong, S. H. S., Sum, R. K. W., Wang, P., Yang,
B., & Sit, C. H. P. (2022). The effects of exercise interventions
on executive functions in children and adolescents with autism
spectrum disorder: A systematic review and meta-analysis. Sports
Medicine, 52(1), 75-88.

Lord, C., Elsabbagh, M., Baird, G., & Veenstra-Vanderweele, J. (2018).
Autism spectrum disorder. Lancet, 392(10146), 508-520.

Lourenco, C., Esteves, D., Corredeira, R., & Seabra, A. (2015). The
effect of a trampoline-based training program on the muscle
strength of the inferior limbs and motor proficiency in children
with autism spectrum disorders. Journal of Physical Education
and Sport, 15,592.

Macdonald, M., Esposito, P., & Ulrich, D. (2011). The physical activity
patterns of children with autism. BMC Research Notes, 4, 422.

@ Springer


https://doi.org/10.3390/medicina55100685
http://handbook.cochrane.org
https://doi.org/10.3390/ijerph17061950
https://doi.org/10.3390/ijerph17061950
https://doi.org/10.1542/peds.2019-3447

Review Journal of Autism and Developmental Disorders

Maenner, M. J., Shaw, K. A., Bakian, A. V., Bilder, D. A., Durkin,
M. S., Esler, A., . . ., & Cogswell, M. E. (2021). Prevalence and
characteristics of autism spectrum disorder among children aged 8
years - autism and developmental disabilities monitoring network,
11 sites, United States, 2018. Morbidity and Mortality Weekly
Report. Surveillance Summaries, 70(11), 1-16.

Mbuagbaw, L., Rochwerg, B., Jaeschke, R., Heels-Andsell, D., Alhaz-
zani, W., Thabane, L., & Guyatt, G. H. (2017). Approaches to
interpreting and choosing the best treatments in network meta-
analyses. Systematic Reviews, 6(1), 79.

Monteiro, C. E., Da Silva, E., Sodré, R., Costa, F., Trindade, A. S.,
Bunn, P, . . ., & Dantas, E. (2022). The effect of physical activ-
ity on motor skills of children with autism spectrum disorder: A
meta-analysis. International Journal of Environmental Research
and Public Health, 19(21), 14081.

Moradi, H., Sohrabi, M., Taheri, H., Khodashenas, E., & Movahedi,
A. (2020). Comparison of the effects of perceptual-motor exer-
cises, vitamin D supplementation and the combination of these
interventions on decreasing stereotypical behavior in children with
autism disorder. International Journal of Developmental Disabili-
ties, 66(2), 122-132.

Movahedi, A., Bahrami, F., Marandi, S. M., & Abedi, A. (2013).
Improvement in social dysfunction of children with autism spec-
trum disorder following long term Kata techniques training.
Research in Autism Spectrum Disorders, 7(9), 1054—-1061.

Murphy, R. M., Watt, M. J., & Febbraio, M. A. (2020). Metabolic com-
munication during exercise. Nature Metabolism, 2(9), 805-816.

Najafabadi, M. G., Sheikh, M., Hemayattalab, R., Memari, A.-H.,
Aderyani, M. R., & Hafizi, S. (2018). The effect of SPARK on
social and motor skills of children with autism. Pediatrics and
Neonatology, 59(5), 481-487.

Nazemzadegan, G., Babadi, A., Zeinali, Z., & Kakavandi, K. (2016).
Effectiveness of ball exercises on reduction of stereotypic behav-
ior of children with autism spectrum disorder with high perfor-
mance. [ranian Rehabilitation Journal, 14(2), 121-126.

Pan, C. Y. (2010). Effects of water exercise swimming program on
aquatic skills and social behaviors in children with autism spec-
trum disorders. Autism, 14(1), 9-28.

Pan, C. Y., Chu, C. H., Tsai, C. L., Sung, M. C., Huang, C. Y., & Ma,
W. Y. (2017). The impacts of physical activity intervention on
physical and cognitive outcomes in children with autism spectrum
disorder. Autism, 21(2), 190-202.

Pedersen, B. K., & Saltin, B. (2015). Exercise as medicine - evidence
for prescribing exercise as therapy in 26 different chronic diseases.
Scandinavian Journal of Medicine & Science in Sports, 25(Suppl
3), 1-72.

Petrus, C., Adamson, S. R., Block, L., Einarson, S. J., Sharifnejad,
M., & Harris, S. R. (2008). Effects of exercise interventions on
stereotypic behaviours in children with autism spectrum disorder.
Physiotherapy Canada. Physiotherapie Canada, 60(2), 134-145.

Rafiei Milajerdi, H., Sheikh, M., Najafabadi, M. G., Saghaei, B.,
Naghdi, N., & Dewey, D. (2021). The effects of physical activity
and exergaming on motor skills and executive functions in chil-
dren with autism spectrum disorder. Games for Health Journal,
10(1), 33-42.

Rapp, J. T., Vollmer, T. R., St Peter, C., Dozier, C. L., & Cotnoir, N. M.
(2004). Analysis of response allocation in individuals with mul-
tiple forms of stereotyped behavior. Journal of Applied Behavior
Analysis, 37(4), 481-501.

Rochwerg, B., Brignardello-Petersen, R., & Guyatt, G. (2018). Net-
work meta-analysis in health care decision making. The Medical
Journal of Australia, 209(4), 151-154.

Ruggeri, A., Dancel, A., Johnson, R., & Sargent, B. (2020). The effect
of motor and physical activity intervention on motor outcomes
of children with autism spectrum disorder: A systematic review.
Autism, 24(3), 544-568.

@ Springer

Salanti, G., Kavvoura, F. K., & Ioannidis, J. P. A. (2008). Exploring
the geometry of treatment networks. Annals of Internal Medicine,
148(7), 544-553.

Sam, K. L. S., Chow, B., & Tong, T. (2015). Effectiveness of exercise-
based interventions for children with autism: A systematic review
and meta-analysis. International Journal of Learning and Teach-
ing, 1,98-103.

Sansi, A., Nalbant, S., & Ozer, D. (2021). Effects of an inclusive physi-
cal activity program on the motor skills, social skills and attitudes
of students with and without autism spectrum disorder. Journal of
Autism and Developmental Disorders, 51(7), 2254-2270.

Sarabzadeh, M., Azari, B. B., & Helalizadeh, M. (2019). The effect of
six weeks of Tai Chi Chuan training on the motor skills of children
with Autism Spectrum Disorder. Journal of Bodywork and Move-
ment Therapies, 23(2), 284-290.

Sefen, J. A. N., Al-Salmi, S., Shaikh, Z., AlMulhem, J. T., Rajab, E., &
Fredericks, S. (2020). Beneficial use and potential effectiveness of
physical activity in managing autism spectrum disorder. Frontiers
in Behavioral Neuroscience, 14, 587560.

Shim, S., Yoon, B. H., Shin, I. S., & Bae, J. M. (2017). Network meta-
analysis: Application and practice using Stata. Epidemiology and
Health, 39, €2017047.

Silva, L. M. T., Schalock, M., Ayres, R., Bunse, C., & Budden, S.
(2009). Qigong massage treatment for sensory and self-regulation
problems in young children with autism: A randomized controlled
trial. The American Journal of Occupational Therapy, 63(4),
423-432.

Sotoodeh, M. S., Arabameri, E., Panahibakhsh, M., Kheiroddin, F.,
Mirdoozandeh, H., & Ghanizadeh, A. (2017). Effectiveness of
yoga training program on the severity of autism. Complementary
Therapies in Clinical Practice, 28, 47-53.

Sowa, M., & Meulenbroek, R. (2012). Effects of physical exercise on
Autism Spectrum Disorders: A meta-analysis. Research in Autism
Spectrum Disorders, 6(1), 46-57.

Srinivasan, S. M., Pescatello, L. S., & Bhat, A. N. (2014). Current per-
spectives on physical activity and exercise recommendations for
children and adolescents with autism spectrum disorders. Physical
Therapy, 94(6), 875-889.

Steiner, H., & Kertesz, Zs. (2015). Effects of therapeutic horse riding
on gait cycle parameters and some aspects of behavior of chil-
dren with autism. Acta Physiologica Hungarica, 102(3), 324-335.
https://doi.org/10.1556/036.102.2015.3.10

Sterne, J. A. C., Savovié, J., Page, M. J., Elbers, R. G., Blencowe, N.
S., Boutron, I, . . ., & Higgins, J. P. T. (2019). RoB 2: A revised
tool for assessing risk of bias in randomised trials. BMJ (Clinical
Research Ed.), 366, 14898.

Su, X., McDonough, D. J., Chu, H., Quan, M., & Gao, Z. (2020).
Application of network meta-analysis in the field of physical
activity and health promotion. Journal of Sport and Health Sci-
ence, 9(6), 511-520.

Tabeshian, R., Nezakat-Alhosseini, M., Movahedi, A., Zehr, E. P., &
Faramarzi, S. (2021). The effect of Tai Chi Chuan Training on
stereotypic behavior of children with autism spectrum disorder.
Journal of Autism and Developmental Disorders, 52(5), 2180—
2186. https://doi.org/10.1007/s10803-021-05090-w

Tan, B. W. Z., Pooley, J. A., & Speelman, C. P. (2016). A meta-ana-
lytic review of the efficacy of physical exercise interventions
on cognition in individuals with autism spectrum disorder and
ADHD. Journal of Autism and Developmental Disorders, 46(9),
3126-3143.

Tarr, C. W., Rineer-Hershey, A., & Larwin, K. (2020). The effects
of physical exercise on stereotypic behaviors in autism: Small-n
meta-analyses. Focus on Autism and Other Developmental Dis-
abilities, 35(1), 26-35.

Teh, E. J., Vijayakumar, R., Tan, T. X.J., & Yap, M. J. (2021). Effects
of physical exercise interventions on stereotyped motor behaviours


https://doi.org/10.1556/036.102.2015.3.10
https://doi.org/10.1007/s10803-021-05090-w

Review Journal of Autism and Developmental Disorders

in children with ASD: A meta-analysis. Journal of Autism and
Developmental Disorders, 52(7), 2934-2957. https://doi.org/10.
1007/s10803-021-05152-z

Toscano, C. V. A., Barros, L., Lima, A. B., Nunes, T., Carvalho, H. M.,
& Gaspar, J. M. (2021). Neuroinflammation in autism spectrum
disorders: Exercise as a “pharmacological” tool. Neuroscience &
Biobehavioral Reviews, 129, 63-74.

Toscano, C. V. A., Carvalho, H. M., & Ferreira, J. P. (2018). Exercise
effects for children with autism spectrum disorder: Metabolic
health, autistic traits, and quality of life. Perceptual and Motor
Skills, 125(1), 126-146.

Wang, J-G., Cai, K-L., Liu, Z-M., Herold, F., Zou, L., Zhu, L-N.,
Xiong, X., Chen, A-G. (2020). Effects of mini-basketball training
program on executive functions and core symptoms among pre-
school children with autism spectrum disorders. Brain Sciences,
10(5), 263. https://doi.org/10.3390/brainscil 0050263

Yang, S., Liu, Z., Xiong, X., Cai, K., Zhu, L., Dong, X., Wang, J., Zhu,
H., Shi, Y., & Chen, A. (2021). Effects of mini-basketball train-
ing program on social communication impairment and executive
control network in preschool children with autism spectrum disor-
der. International Journal of Environmental Research and Public
Health, 18(10), 5132. https://doi.org/10.3390/ijerph18105132

Zachor, D. A., Vardi, S., Baron-Eitan, S., Brodai-Meir, 1., Ginossar,
N., & Ben-Itzchak, E. (2017). The effectiveness of an outdoor
adventure programme for young children with autism spectrum
disorder: A controlled study. Developmental Medicine and Child
Neurology, 59(5), 550-556.

Zamani Jam, A., Talab, R. H., Sheikh, M., Torabi, F., & Rafie, F.
(2018). The effect of 16 weeks gymnastic training on social skills
and neuropsychiatric functions of autistic children. Sport Sciences
for Health, 14(1), 209-214.

Zeidan, J., Fombonne, E., Scorah, J., Ibrahim, A., Durkin, M. S., Sax-
ena, S., ..., & Elsabbagh, M. (2022). Global prevalence of autism:
A systematic review update. Autism Research. 15(5), 778-790.

Zhang, M., Liu, Z., Ma, H., & Smith, D. M. (2020). Chronic physical
activity for attention deficit hyperactivity disorder and/or autism
spectrum disorder in children: A meta-analysis of randomized
controlled trials. Frontiers in Behavioral Neuroscience, 14,
564886.

Zhao, M., Chen, S., You, Y., Wang, Y., & Zhang, Y. (2021). Effects of
a therapeutic horseback riding program on social interaction and
communication in children with autism. International Journal of
Environmental Research and Public Health, 18(5), 2656. https://
doi.org/10.3390/ijerph18052656

Zhao, M., & Chen, S. (2018). The effects of structured physical activ-
ity program on social interaction and communication for children
with autism. BioMed Research International, 2018, 1825046.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s10803-021-05152-z
https://doi.org/10.1007/s10803-021-05152-z
https://doi.org/10.3390/brainsci10050263
https://doi.org/10.3390/ijerph18105132
https://doi.org/10.3390/ijerph18052656
https://doi.org/10.3390/ijerph18052656

	The Effects of Physical Activity Interventions in Children with Autism Spectrum Disorder: a Systematic Review and Network Meta-analysis
	Abstract
	Introduction
	Methods
	Registration
	Search Strategy
	Study Selection
	Inclusion and Exclusion Criteria
	Data Extraction
	Risk of Bias Assessment
	Statistical Analysis

	Results
	Study Selection
	Characteristics of the Studies
	Risk of Bias Assessment
	Results of the Network Meta-analysis
	Motor Function
	Social Function
	Communication
	Stereotyped Behavior


	Discussion
	Summary of Evidence
	Comparisons with Previous Studies and Theoretical Implications of Results
	Strengths and Limitations
	Implications and Future Research

	Conclusions
	Anchor 27
	References


