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The effect of physical exercise on
disordered social communication
in individuals with autism
Spectrum disorder: a systematic
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Objective: The aim of this systematic review and meta-analysis was to
systematically investigate the intervention effect of physical exercise on
disordered social communication in patients with autism spectrum disorders.
Methods: This systematic review and meta-analysis used the PubMed, Web of
Science, the Cochrane Library, and Embase electronic databases to conduct a
systematic search of literature describing randomized controlled trials (RCTs) on
the effect of physical exercise on disordered social communication in autistic
patients from the first year of inclusion to 21 January 2023.
Results: A total of 14 RCTs including 460 autistic patients were analyzed. A
meta-analysis showed that physical exercise had a positive effect on social
communication disorder (SMD=0.45, 95% CI: 0.15, 0.74, p < 0.05) in autistic
patients. Subgroup analysis showed that exercise programs with multiple
components (SMD=0.73, 95% CI: 0.39, 1.06, P < 0.001), a moderate duration
(SMD= 0.73, 95% CI: 0.38, 1.08, P < 0.001), a moderate-high frequency
(SMD= 0.84, 95% CI: 0.53, 1.14, P < 0.001), and a long duration (SMD= 0.77, 95%
CI: 0.36, 1.18, P < 0.001) led to significant improvement.
Conclusion: Physical exercise can improve disordered social communication in
patients with autism spectrum disorders. Specifically, early intervention, multi-
component exercise, a moderate period, moderate and high frequency, long
duration, and multi-participant programs were most effective.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/ RecordID=
CRD42023422482.

KEYWORDS

physical activity, exercise, autism spectrum disorder, social communication disorder, meta-
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1. Introduction

Autism Spectrum Disorder (ASD) is a group of early-onset neurodevelopmental

disorders associated with altered social communication and interaction, with repetitive

stereotyped interest behaviors as core symptoms. Social communication disorder,

characterized by persistent social communication and interaction deficits, is a core feature
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of ASD (1). These abnormal patterns can affect the development of

social skills, preventing children from effectively participating in

multi-context social interactions in the home, school, and

community, with serious implications for survival and growth

(2). In recent years, the global incidence of ASD has been rising.

The prevalence of ASD in developed countries is approximately

1.5% (3), and according to the US Centers for Disease Control

and Prevention, it was 2.47% in children aged 0–8 years in 2021

(4, 5). At present, there is no effective drug to treat ASD, and

the function of existing drugs is limited to delaying the

progression of the condition and alleviating the onset of social

communication disorder in some autistic patients (6, 7).

Physical exercise has increasingly been shown to improve core

symptoms in patients with ASD (8, 9). Individuals with ASD can

participate in physical activity individually or in groups, and

through watching and imitating their peers, they can learn social

etiquette and social communication, and improve their visual

processing ability and attention. This can ultimately improve

cognitive function, and positively affect brain activation (10, 11).

Physical exercise can resemble stereotypical behaviors in

individuals with ASD. Targeted activities can replace non-targeted

stereotypical actions such that patients no longer need to

experience pleasure from stereotypical behaviors (12). When

playing ball games, the inevitable communication behavior

between children and their peers or parents can encourage

children to engage in social activities. Similar findings have been

reported for karate training (13). Children with ASD learn social

communication by watching their peers, which emphasizes the

importance of visual processing. In both laboratory and real-life

social scenarios, an inability to establish eye contact with others

severely affects communication in children with ASD. Sensory

integration training can help improve visual processing skills in

children with ASD and enhance their social processing abilities,

thus promoting their social interaction skills (14). Basic social

etiquette is also included in sports training, such as greeting peers,

parents, or teachers during basketball training, queuing, etc., which

increases communication, physical contact, eye contact, language,

and promotes social behavior in children with ASD (15).

In terms of social interaction, physical exercise is considered a

safe and effective treatment option for improving core symptoms

in patients with ASDs. Currently, there are no objective, effective,

and specific early diagnostic biomarkers or drugs for the social

problems associated with ASD, and medical needs are still not

being met (16, 17). There are currently many treatment options,

but the treatment effects of different rehabilitation methods

vary, and there are associated problems such as high economic

costs and low practicability. For example, language therapy,

occupational therapy, physical therapy, and behavioral

interventions may represent a heavy economic burden for

individual families and social service agencies (18). Physical

exercise has few side effects, low economic cost, and is easy to

implement. Although physical activity does not address the core

causes of this disorder, increasing levels of physical activity may

provide more opportunities for social interaction with peers,

better attention and motor performance, and thus indirectly

impact the core symptoms of ASD (19).
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Previous research has shown differences in the effectiveness of

physical exercise interventions for patients with ASDs. Research

has found through a meta-analysis that the effect of organized

physical activity on communication in individuals with ASD was

not statistically significant, and that there were only small and

medium improvements in total social interaction (20); a study

revealed detected a low correlation between overall exercise and

social skills, although more experiments are required to support

the improvement effect of exercise in autistic patients (21). There

are many reasons for inconsistencies in the research findings,

including the diversity of exercise forms and the great

distinctions among physical exercise variables (intensity,

duration, frequency, and period) designed by researchers (22).

Few meta-analyses have examined the intervention effects of

physical exercise on social communication function in patients with

ASD, and most studies have not examined the “dose-response”

relationship between physical exercise variables and social

communication difficulties. Therefore, this study addressed the

following research questions: “Can physical exercise improve social

interaction problems?” “What dosages of physical exercise can best

improve social interaction problems?”. This study employed a meta-

analysis of published randomized controlled trials (RCT) studies,

with social communication difficulties in patients with ASD as the

outcome measure, and conducted subgroup analyses of factors such

as type of exercise, exercise duration, exercise frequency, exercise

intensity, and exercise timing, with the aim of exploring the best

exercise program based on these factors and providing evidence-

based support for future research in this field.
2. Methods

This systematic review was prospectively registered with the

National Institute for Health Research website PROSPERO.

Details of the protocol can be accessed at: https://www.crd.york.

ac.uk/prospero/RecordID=CRD42023422482.
2.1. Search strategy

The research followed the PRISMA Statement (Preferred

Reporting Items for Systematic Reviews and Meta-analysis) and

the Cochrane Workbook, and the included literature was collated

and counted according to the requirements of the International

Systematic Review Writing Guidelines (23).

This study used the PubMed, Web of Science, the Cochrane

Library, and Embase electronic databases to conduct a systematic

search of literature describing randomized controlled trials (RCTs)

on the effect of physical exercise on disordered social

communication in autistic patients from the first year of inclusion

to 21 January 2023. used the PubMed, Web of Science, Embase,

and Cochrane Library electronic databases to search for Chinese

and English studies published both domestically and overseas. The

search period was from the database’s creation until 21 January

2023. Using combinations of subject words and free words, the

following search terms in English were used: [“Movement” OR
frontiersin.org
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“Physical exercise” OR “Physical activity” OR “Exercise” OR “Sport”

OR “Training, Exercise” OR “Physical Exercises” OR “Training” OR

“motion” OR “activity” OR “physical therapy”] AND [“autistic

disorder” OR “Autism Spectrum Disorders” OR “Autistic

Spectrum Disorders” OR “Disorder, Autistic” OR “Spectrum” OR

“Early Infantile Autism” OR “Disorders, Asperger” OR

“Syndrome, Asperger”] AND [“randomized controlled trial” AND

“randomized” OR “controlled” OR “trial” OR “random” OR

“random allocation” OR “RCT” OR “RCTs”]. Meanwhile, the

references of the included literature and related reviews were

traced back to calculate the recall ratio.
2.2. Inclusion criteria

(1) Study type: RCTs; (2) Study population: Individuals

diagnosed with ASD or individuals with a diagnosis of ASD who

met the diagnostic criteria of the American Psychiatric

Association’s Diagnostic and Statistical Manual of Mental

Disorders, Fourth Edition (DSM-IV) or Fifth Edition (DSM-Ⅴ);

(3) Intervention: The control group received routine rehabilitation

treatment or no intervention, while the experimental group

received sports training in addition to routine rehabilitation

treatment; (4) Outcome measures: The primary or partially

primary outcome measures were social interaction and social skills.
2.3. Exclusion criteria

(1) Reviews, comments, animal experiments, and duplicate

publications; (2) Studies with unclear descriptions of experimental

data, incomplete data, an inability to obtain raw data even after

contacting the authors, or poor quality; (3) Studies involving

subjects with other physical diseases; (4) Studies involving animal-

assisted therapy in the intervention group; (5) Studies with unclear

diagnostic criteria or intervention plans.
2.4. Data extraction

Two researchers independently screened the literature and

extracted the data, then cross-checked the data. Any disagreements

were discussed with a third researcher. The data extraction mainly

included: basic information about the studies (first author, year of

publication, and nationality of author), fundamental information

about the experimental subjects (sample size, age, and gender),

physical exercise variables (intervention, period, frequency, duration,

and organizational form) and outcome indicators, as shown inTable 1.
2.5. Quality assessment

The PEDro scale (Physiotherapy Evidence Database) was used to

rate the quality of the RCTs. The calibration of the scale was

established via the Delphi scale, and two calibrations were

conducted. The scale included 11 evaluation items: “eligibility
Frontiers in Pediatrics 03
criteria”, “random allocation”, “concealed allocation”, “similar

baseline”, “blinding of subjects”, “blinding of therapists”, “blinding

of outcome assessment”, “dropout rate≤ 15%”, “intention analysis”,

“between-group statistical comparisons”, and “point measures and

measures of variability”. Among them, “eligibility criteria” was not

counted in the scoring system. If a certain criterion was explicitly

met, it was given a score of 1, otherwise, it received a score of

0. The total score was 10, with “<4” indicating poor quality, “4–5”

medium quality, “6–8” good quality, and “9–10” high quality. Two

authors independently graded the quality of the included studies,

and if there was a disagreement, they discussed it with the third

author until there was a consensus.
2.6. Statistical analysis

Reviewer Manager 5.4 was used for effect size pooling, subgroup

analysis, heterogeneity testing, and sensitivity analysis. Stata 17.0 was

used for publication bias testing. The outcomes included in this

review were all continuous variables, with the mean difference

(MD) and standardized mean difference (SMD) shown. If there

were no significant differences in the baseline, the endpoint value

(mean standard deviation, M ± SD) of the experimental group and

the control group after the intervention were used as the main

effect parameter. If the literature only provided the change value,

it was estimated using the Review Manager 5.4 algorithm.

Heterogeneity testing was performed using p and I2, and the fixed

effects model was used for meta-analyses if there was no statistical

heterogeneity among the research results (I2< 50%, p > 0.10).

Otherwise, the random effects model was used and the reasons for

the heterogeneity were analyzed. If there was clinical heterogeneity,

subgroup analysis or sensitivity analysis were conducted according

to its source. If there was no obvious clinical heterogeneity, the

random effects model was used for the meta-analysis. If

the heterogeneity was too large or the indicators could not be

merged, descriptive analysis was performed.
3. Results

3.1. Search results

A total of 6,678 studies were retrieved by searching the PubMed,

WOS, Cochrane Library, and Embase databases, and 12 were

manually retrieved. These studies were imported into EndnoteX9

to conduct statistics and collation, where 5,877 were obtained after

duplication removal, 340 were obtained after preliminary

screenings of topics and abstracts, and 16 were finally included in

the quantitative analysis after reading the full text (Figure 1).
3.2. Basic information and intervention
characteristics of the included studies

There were 14 studies (N = 460) in the included literature

(Table 1) published from 2013 to 2022. The participants were all
frontiersin.org
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FIGURE 1

Flow diagram of study screening.

FIGURE 2

Forest plots of meta-analyses of the effect of physical exercise on social communication disorder in ASD.
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patients with ASD, and the sample sizes of all the studies included

in the analysis were selected according to the outcome indicators.

There were no significant differences in baseline values. Among

the included studies, six were from China, four were from Iran,

and the remaining four were from the United States, Britain,

Italy, and Germany.

Table 1 shows that all included studies reported all or some of

the physical exercise variables, providing the specific intervention

form, exercise period, exercise duration, exercise frequency,

organizational form, and intervention methods for the control

group. There were three different types of physical exercise, such

that five papers examined aerobic exercise (35.7%), six used
Frontiers in Pediatrics 05
mind-body exercise (42.9%), and three used multi-component

exercise combining various exercises (21.4%).
3.3. Quality evaluation of included studies

As shown in Table 2, all 14 included RCTs achieved a “similar

baseline”, “intention analysis”, “between-group statistical

comparisons”, and “point measures and measures of variability”.

Among them, two papers achieved “concealed allocation”

(24, 28), two used “blinding of therapists” (25, 28), three

achieved “blinding of outcome assessment”(13, 28, 30), and one
frontiersin.org
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did not fulfill “dropout rate≤ 15%”(29). In terms of the PEDro

score, one paper scored 4–5, 12 scored 6–8, one scored 9–10,

and the average score was 6.43. Overall, the methodological

quality was good.
3.4. Meta-Analysis

3.4.1. Total scores with respect to social
communication disorder

The study assessed 14 studies (N = 460) that examined the

influence of physical exercise on social communication disorder

in patients with ASD. The results of the meta-analysis of social

communication disorders in the physical exercise group are

shown in Figure 2. The heterogeneity test indicated that there

was moderate statistical heterogeneity between the studies

(X2= 30.76, I2= 58%, p = 0.004), thus, the random-effects model

was used for the analysis. The meta-analysis showed that the

difference was statistically significant, with a pooled effect size

SMD = 0.45, 95% CI: 0.15, 0.74, p < 0.05. This indicates that

physical exercise could effectively improve social communication

disorders in autistic patients compared with controls.

3.4.2. Subgroup analysis
Based on the physical exercise intervention period, subgroup

analysis was performed. The pooled effect size was measured for

a short period (SMD = 0.11, 95% CI: −0.25, 0.47, p > 0.05),

moderate period (SMD = 0.73, 95% CI: 0.38, 1.08, p < 0.001), and

long period (SMD = 0.51, 95% CI: 0.24, 0.79, p < 0.001). The

heterogeneity test showed that I2 = 64%, p = 0.04 for a short

period, I2 = 0%, p = 0.57 for a moderate period, and I2 = 70%,
TABLE 3 Meta-analysis results.

Moderating variable X
Pooled effect size 30

The type of exercise Aerobic exercise 3

Mind-body exercise 14

Multi-component exercise 2

Period/week ≤8 8

8∼12 2

>12 13

Frequency (times/week) Low frequency≤ 3 11

Moderate to high Frequency >5 1

intervention duration/min Short duration (≤45) 13

Medium duration (45∼60) 0

Long duration (>60) 3

Organizational form Group exercise 11

Individual exercise 11

Individual exercise with Multi-participation 3

Assessment tools SRS-2 3

GARS-2 3

Confounding indicators 17

Age Preschool-age 3

School-age 13

Adolescence and above 2

Erikson’s Eight Stages of Development was adopted for the following age groups: presc

(>12 years old).
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p = 0.009 for a long period. Thus, the moderate period and long

period were significantly different than the control group, and

there was no statistically significant difference between the short

period and the control group. Additionally, the moderate period

had low heterogeneity, while the short period and long period

had moderate heterogeneity (Table 3).

Subgroup analysis was conducted according to the frequency of

physical exercise. The pooled effect size was measured for low

(SMD = 0.03, 95% CI: −0.37, 0.43, p > 0.05), moderate, and high

frequency exercise (SMD = 0.84, 95% CI: 0.53, 1.14, p < 0.001).

The heterogeneity test showed that I2 = 48%, p = 0.08 for low

frequency, and I2 = 0%, p = 0.90 for moderate and high frequency

exercise. The results indicated that there was a statistically

significant difference between the moderate and high frequency

groups compared with the control group, and there was no

statistically significant difference between the low frequency and

the control group. Additionally, the low, moderate, and high

frequency groups had low heterogeneity (Table 3).

Subgroup analysis was performed based on the physical exercise

intervention duration. The pooled effect size was measured for the

short (SMD= 0.44, 95% CI: 0.16, 0.73, p < 0.05), moderate (SMD=

−0.29, 95% CI: −0.76, 0.18, p > 0.05), and long duration (SMD=

0.77, 95% CI: 0.36, 1.18, p < 0.001). The heterogeneity test showed

that I2 = 54%, p = 0.04 for the short duration, I2 = 0%, p = 0.46 for

the moderate duration, and I2 = 3%, p = 0.38 for the long duration.

The findings indicated that the short duration and long duration

groups were significantly different than the control group, and there

was no statistically significant difference between the moderate

duration and the control group. Additionally, the moderate

duration and long duration groups had low heterogeneity, while the

short duration had moderate heterogeneity (Table 3).
2 (df) I2% n(ES) ES, 95% CI p
.76 (13) 58 14 SMD = 0.45[0.15, 0.74] <0.05

.02 (4) 0 5 SMD = 0.70[0.37, 1.04] <0.001

.90 (5) 66 6 SMD = 0.08[-0.21, 0.38] 0.59

.20 (2) 9 3 SMD = 0.73[0.39, 1.06] <0.001

.40 (3) 64 4 SMD = 0.11 [−0.25,0.47] 0.55

.90 (4) 0 5 SMD = 0.73 [0.38, 1.08] <0.001

.48 (4) 70 5 SMD = 0.51[0.24, 0.79] <0.001

.44 (6) 48 7 SMD = 0.03[−0.37, 0.43] 0.88

.59 (5) 0 6 SMD = 0.84[0.53, 1.14] <0.001

.04 (6) 54 7 SMD = 0.44[0.16, 0.73] <0.05

.53 (1) 0 2 SMD = −0.29[−0.76 0.18] 0.23

.10 (3) 3 4 SMD = 0.77[0.36,1.18] <0.001

.27 (5) 56 6 SMD = 0.51[0.21, 0.82] <0.001

.76 (3) 74 4 SMD = 0.17[−0.19, 0.53] 0.35

.76 (3) 20 4 SMD = 0.64[0.33, 0.95] <0.001

.02 (4) 0 5 SMD = 0.70[0.37,1.04] <0.001

.02 (3) 1 4 SMD = 0.76[0.35, 1.17] <0.001

.01 (4) 76 5 SMD = 0.02[−0.56, 0.59] 0.95

.07 (5) 0 6 SMD = 0.73[0.47, 0.99] <0.001

.17 (4) 70 5 SMD = 0.45[0.20, 1.10] 0.17

.38 (2) 16 3 SMD =−0.12[−0.56, 0.33] 0.60

hool-age (3–6 years old), school-age (7–12 years old), and adolescence and above
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TABLE 4 The pooled effect of social communication function after
excluding a single study.

Scoring types and
included studies

SMD 95% CI p (the pooled
effect)

I2 (%)

Agnes S. Chan 2013 0.50 0.20,0.80 p < 0.001 55

Ahmadreza Movahedi 2013 0.40 0.10,0.70 p < 0.05 58

Amir Hossein Haghighi 2022 0.47 0.16,0.78 p < 0.05 60

Fatimah Bahrami 2015 0.43 0.12,0.75 p < 0.05 61

Janice N. Phung 2019 0.53 0.26,0.80 p < 0.001 45

Jin-Gui Wang 2020 0.44 0.12,0.76 p < 0.05 61

Kelong Cai 2020 0.42 0.11,0.73 p < 0.05 60
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Subgroup analysis was conducted according to the

organizational forms of physical exercise. The pooled effect size

was measured for group exercise (SMD= 0.51, 95% CI: 0.21, 0.82,

p < 0.001), individual exercise (SMD= 0.17, 95% CI: −0.19, 0.53,
p > 0.05), and individual exercise with multi-participation

(SMD= 0.64, 95% CI: 0.33, 0.95, p < 0.001). The heterogeneity test

showed that I2 = 56%, p = 0.05 for group exercise, I2 = 74%,

p= 0.008 for individual exercise, and I2 = 20%, P = 0.29 for individual

exercise with multi-participation. The results indicated that the

group exercise and individual exercise with multi-participation were

significantly different than the control group, while there was no

statistically significant difference between the individual exercise

group and the control group. Additionally, individual exercise with

multi-participation had low heterogeneity, while group exercise and

individual exercise had moderate heterogeneity (Table 3).

The study next conducted a subgroup analysis based on the

organizational form of the physical exercise intervention. The

heterogeneity test for group exercise was statistically significant,

with X2= 11.27, I2= 56%, p = 0.05, the pooled effect size SMD=

0.51, 95% CI: 0.21, 0.82, p < 0.001. The results of the individual

exercise were not significant, with X2= 11.76, I2= 74%, p = 0.008,

the pooled effect size SMD= 0.17, 95% CI: −0.19, 0.53, p > 0.05.
The results for individual exercise with multi-participation were

statistically significant, with X2= 3.76, I2= 20%, P = 0.29, and the

pooled effect size SMD= 0.64, 95% CI: 0.33, 0.95, p < 0.001 (Table 3).

Based on the assessment tools, subgroup analysis was performed.

The pooled effect size was measured for SRS−2 (SMD= 0.70, 95%

CI: 0.37, 1.04, p < 0.001), GARS-2 (SMD= 0.76, 95% CI: 0.35,

1.17, p < 0.001), and confounding indicators (SMD= 0.02, 95% CI:

−0.56, 0.59, p > 0.05). The heterogeneity test showed that I2 = 0%,

p = 0.55 for SRS-2, I2 = 1%, p = 0.39 for GARS-2, and I2 = 76%, p

= 0.002 for confounding indicators. The findings indicated that the

SRS-2 and GARS-2 were significantly different from the control

group, and there was no statistically significant difference between

the confounding indicators and the control group. Additionally,

the SRS-2 and GARS-2 had low heterogeneity, while confounding

indicators had moderate heterogeneity (Table 3).

According to the age group, subgroup analysis was conducted. The

pooled effect size was measured for participants who were preschool-

age (SMD= 0.73, 95% CI: 0.47, 0.99, p < 0.001), school-age (SMD=

0.45, 95% CI: −0.20, 1.10, p > 0.05), and in adolescence or above

(SMD=−0.12, 95% CI: −0.56, 0.60, p > 0.05). The heterogeneity test

showed that I2 = 0%, p = 0.69 for preschool-age, I2 = 70%, p = 0.01 for

school-age, and I2 = 16%, p = 0.30 for adolescent and older

participants. The results indicated that the preschool-age and school-

age groups were significantly different than the control group, while

the adolescent and older group was not significantly different from

the control group. Additionally, the preschool-age and adolescent

and older groups had low heterogeneity, while the school-age group

had moderate heterogeneity (Table 3).

Ke-Long Cai 2020 0.41 0.10,0.71 p < 0.05 58

Mahboubeh G. N 2018 0.41 0.10,0.72 p < 0.05 59

Mirella Zanobini 2019 0.47 0.15,0.78 p < 0.05 60

Sabine C Koch 2015 0.52 0.24,0.80 p < 0.001 49

Sixin Yang 2021 0.41 0.10,0.72 p < 0.05 59

Supritha Aithal 2021 0.45 0.14,0.77 p < 0.05 61

Wenxin Xu 2019 0.41 0.09,0.73 p < 0.05 57
3.5. Sensitivity analysis

To explore whether the heterogeneity among studies was

caused by a single study, the study next conducted a subgroup
Frontiers in Pediatrics 08
analysis based on the organizational form of the physical exercise

intervention. The heterogeneity test for group exercise was

statistically significant, with X2 = 11.27, I2 = 56%, p = 0.05, the

pooled effect size SMD = 0.51, 95% CI: 0.21, 0.82, p < 0.001. The

results of the individual exercise were not significant, with

X2 = 11.76, I2 = 74%, p = 0.008, the pooled effect size SMD = 0.17,

95% CI: −0.19, 0.53, p > 0.05. The results for individual exercise

with multi-participation were statistically significant, with

X2 = 3.76, I2 = 20%, P = 0.29, and the pooled effect size SMD=

0.64, 95% CI: 0.33, 0.95, p < 0.001 (Table 3). conducted a

sensitivity analysis on the total intervention effect of social

communication disorder with moderate heterogeneity and

analyzed the pooled effect by excluding individual studies one by

one. The pooled effect size of physical exercise on social

communication disorders in patients with ASD in all included

studies had a SMD= 0.45, 95% CI: 0.15, 0.74, p < 0.05, I2= 58%.

After excluding any single study, the range of the pooled effect

SMD was 0.40 to 0.53, the range of I2 was 45% to 61%, and the

p-values were all less than 0.05. These results indicated that the

data sensitivity was relatively low and that there was no substantial

change in the results of the meta-analysis, suggesting that the

results had some degree of stability and reliability (Table 4).
3.6. Publication bias

Egger’s Test showed that there was no significant difference,

with z =−0.06 (continuity corrected), Pr>|z| = 0.949 (continuity

corrected) >0.05 (Figure 3). Although there may be some bias

because other single studies could not be tested, the total

findings indicated that there was no publication bias, and that

the results were relatively robust.
4. Discussion

The research results showed that physical exercise can improve

disordered social communication in patients with ASD, with an
frontiersin.org
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FIGURE 3

Egger’s test results.
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effect size of 0.45, which is a medium effect size according to

Cohen’s evaluation standard (34). This confirms that physical

exercise is beneficial to social communication problems in

autistic individuals. However, the research found moderate

heterogeneity among the included studies, which may be caused

by individual differences in physical exercise variables, activity

organizational form, age, assessment tools, etc (26)..

The type of exercise is an important variable, given that the

exercise ability of autistic patients is a key factor affecting their

integration into society. The results showed that while aerobic

and multi-component exercise had significant impacts, mind-

body exercise did not. This may be because in mind-body

exercise, patients are often confined to their personal world, and

have little contact with the outside world.

Exercise load, which includes quantity and intensity, is the

most crucial concept in sports training. The intervention period,

exercise frequency, exercise period, and intensity are concrete

manifestations of exercise load, and are significant determinants

of how well an exercise intervention works (35, 36). In this

study, the intervention period, exercise frequency, and period all

had moderating impacts on the intervention effect. From the

perspective of the exercise period, an intervention that lasts 8 to

12 weeks is ideal. There may be a downward trend with an

extended period, but the research found little difference between

the total effect size for the moderate and long intervention

period. Additional experiments are required to confirm the effect
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of exercise intervention length. From the standpoint of exercise

duration, more than 60 min of exercise every session is expected

to produce greater improvement. This is because, particularly in

patients with ASD, too little exercise is not likely to alter the

arousal level of the body or the structure and function of the

brain. From the perspective of exercise frequency, more than

three times a week is expected to produce an effect. Further

research is needed to determine whether the effect of exercise

conducted more than five times per week is better than that of

moderate frequency.

The organizational form of the interventions is important.

Patients with ASD often cannot communicate and interact with

others in daily life via gaze, facial expressions, body posture, etc. It

can be difficult to develop high quality friendships because of

reduced sharing and cooperation in peer communication (37, 38).

The subgroup analysis of the organizational form of the physical

exercise revealed that group exercise produced significant

intervention effects, while individual exercise did not. Furthermore,

the research found that the intervention effect was better for

individual exercise with multi-participation. This may be because

teachers provide more attention to each participant during

individual exercise, and are able to be more patient when teaching

basic skills. After mastering individual exercise skills, participants

could better participate in group activities, such that physical

exercise games or group activities could be carried out more

successfully. Interactions between patients were increased during
frontiersin.org
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exercise, which is conducive to the further development of social

communication (31, 39). Complex and diverse forms of group

interventions can elicit participant interest, interactivity, ecological

effects, etc. Autistic patients can benefit from multi-role interactive

group exercise, which provides a rich social environment (40). The

collective classroom environment also provides patients with

information about basic social etiquette, such as teacher-student

greetings, peer greetings, parent-child interactions, waiting in line,

etc., which can offer a good foundation for integration into

campus and society (41). Generally speaking, for autistic patients,

more peer communication and interaction during physical exercise

can promote the improvement of core symptoms.

For those with ASD, early intervention is crucial (42). This

study demonstrated that as age increased, the intervention effect

had a downward trend. The intervention effect was observed in

preschool-age children, but was not significant after adolescence.

Therefore, early screening and early intervention are needed, as

interventions in childhood can effectively improve symptoms

(43). As the complexity of language, social skills, and motor skills

increases with age, skill deficits in individuals with ASD may

expand in the future. This could explain why the improvement

in each functional area decreases with age (44).

The intervention effect of physical exercise on social

communication in autistic patients is influenced by the

assessment tools used (45, 46). Of those assessed in the present

study, GARS-2 had the largest effect size (SMD = 0.76), SRS-2

had a moderate effect size (SMD = 0.70), and there was no

significant difference between the experimental group and the

control group in terms of confounding indicators (p > 0.05). The

evaluation of ASD symptoms includes a large number of

components, which leads to differences in sensitivity and

specificity. Moreover, the sensitivity and specificity of tools for

screening and diagnosing ASD can be influenced by the

judgment criteria, applicable objects, and screening thresholds

(47). Although the DSM-5 is the most current diagnostic

standard, several scales used in the included studies were based

on the DSM-4 and earlier standards. Furthermore, some of the

items in the scales did not apply to all the subjects (48). The

threshold of a scale will impact its sensitivity and specificity, and

the screening threshold of different scales may not be suitable for

all ASD screening procedures (48).

Physical exercise can provide a social environment with a

unique opportunity for social learning and practicing social skills

such as observation, imitation, and emotional regulation outside

of a clinical environment (49). Previous studies on children and

adolescents with ASDs have shown that physical activities such

as karate, swimming, and basketball are associated with improved

social interaction, communication, stereotyped behavior, motor

skills, motor coordination, cardiovascular health, and quality of

life (13, 14, 26, 28). Physical exercise may change the motor

abilities of ASD patients, thereby promoting the improvement of

their social skills (10, 15). The relationship between physical

exercise and social function seems to be bidirectional. Children

with social communication disorder are less willing to participate

in physical exercise, which may further reduce their opportunity

to practice social skills, and may limit the acquisition of certain
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sports skills that depend on interactions with others. Perceptual

motor training enhances the function and cognitive performance

of the nervous system by promoting neural plasticity, creating

new synaptic structures, and reducing cognitive impairments

(14, 50). Exercise-induced increases in neural, physiological,

and developmental function lead to improved attention and

performance, which increases the attentional function of children

with autism (51).

Social interaction is an important aspect of many physical

exercise interventions, which include communication, physical

contact, eye contact, and language. These are important factors

in promoting social interaction skills. Thus, physical exercise can

play an important role in promoting social interaction and social

skills (52). This is because people can communicate in a relaxed

and enjoyable environment through exercise, via speech, gestures,

and actions. Biological motion is an important carrier of social

information and can provide relevant information for social

interaction. The visual and perceptual processing of biological

motion by individuals is of great value for the smooth

completion of daily activities, especially for adaptive social

behavior and nonverbal communication (53). During activities

that involve social interaction, companion communication,

physical contact, eye contact, and language are essential and can

help children interact with their peers, reduce fear of the

environment, and improve participation and cooperation with

their peers. Improvements in all these aspects may enhance

social interaction skills in children with ASD (54, 55).

This study found that physical exercise had a significant effect in

improving social interaction difficulties in patients with ASD. The

best exercise effects were achieved through early interventions,

multi-component exercise, and exercise with moderate periods,

high frequency, long duration, and group participation. This

provides a new intervention approach for improving symptoms in

patients with ASDs. Although the research recommend the use of

physical exercise as an intervention for ASD, more research is

needed to determine the best exercise programs for these patients.

To accurately understand the role of different physical exercise

programs in the treatment of children with ASD, more

experimental research involving ASD patients is needed, with a

focus on global results. Future studies can build on this meta-

analysis by reporting complete data (between-group effects,

confidence intervals, and effect sizes), studying similar populations,

using more specific exercise variables, and measuring the same or

related global outcomes.

This study has several limitations: (1) The limited number of

included studies only allowed for a rough estimate of the effects

of exercise time, frequency, period, and age, and more

experiments are needed to explore the effects of exercise load.

The research only analyzed the optimal “dose” according to a

single factor, and so the combined effects of multiple factors

were not accurately reflected in the findings. (2) Physical exercise

interventions are difficult to administer in a double-blind

experimental setting, and many problems that exist during the

intervention process, due to the special nature of ASD patients,

can affect experimental results. (3) Most of the outcome

indicators included in this study were judged by questionnaires,
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which are easily influenced by subjective factors. In the future,

more objective evaluation tools are needed.
5. Conclusions

Physical exercise has a significant improvement effect on the

social communication difficulties in individuals with ASD. Early

intervention can lead to greater improvements in social

communication and lay a foundation for better social integration

in the future. With regards to social communication difficulties,

exercise programs that are multi-component, of moderate

duration, moderate-high frequency, long-term, and that involve

multiple people are most effective in improving ASD symptoms.

This intervention strategy merits further research.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

SJ, QW, and XW: conception, design, and revision of the

article. XZ and XW: conducted the study and edited the article.
Frontiers in Pediatrics 11
QW and SL: data acquisition and analysis. SJ and CG: wrote the

manuscript. All authors contributed to the article and approved

the submitted version.
Acknowledgment

The authors thank TopEdit (www.topeditsci.com) for its
linguistic assistance during the preparation of this manuscript.
Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.
References
1. Rios PC, Scharoun Benson SM. Exploring caregiver perspectives of social and
motor skills in children with autism Spectrum disorder and the impact on
participation. Front Psychol. (2020) 11:1260. doi: 10.3389/fpsyg.2020.01260

2. Mamas C, Daly AJ, Cohen SR, Jones G. Social participation of students with
autism Spectrum disorder in general education settings. Learning Cult and Soc
Interact. (2021) 28:100467. doi: 10.1016/j.lcsi.2020.100467

3. Xu GF, Strathearn L, Liu BY, Bao W. Prevalence of autism Spectrum disorder
among US children and adolescents, 2014–2016. Jama-J Am Med Assoc. (2018) 319
(1):81–2. doi: 10.1001/jama.2017.17812

4. Kogan MD, Vladutiu CJ, Schieve LA, Ghandour RM, Blumberg SJ,
Zablotsky B, et al. The prevalence of parent-reported autism Spectrum
disorder among US children. Pediatrics. (2018) 142(6):e20174161. doi: 10.
1542/peds.2017-4161

5. Zuckerman KE, Friedman NDB, Chavez AE, Shui AM, Kuhlthau KA. Parent-
Reported severity and health/educational services use among US children with
autism: results from a national survey. J Dev Behav Pediatr. (2017) 38(4):260–68.
doi: 10.1097/DBP.0000000000000437

6. Pandina G, Ring RH, Bangerter A, Ness S. Current approaches to the
pharmacologic treatment of core symptoms across the lifespan of autism Spectrum
disorder. Psychiatric Clinics of North America. (2020) 43(4):629. -+. doi: 10.1016/j.
psc.2020.08.003

7. Accordino RE, Kidd C, Politte LC, Henry CA, McDougle CJ.
Psychopharmacological interventions in autism Spectrum disorder. Expert Opin
Pharmacother. (2016) 17(7):937–52. doi: 10.1517/14656566.2016.1154536

8. Ferreira JP, Andrade Toscano CV, Rodrigues AM, Furtado GE, Barros MG,
Wanderley RS, et al.. “effects of a physical exercise program (pep-aut) on autistic
Children’s Stereotyped behavior, metabolic and physical activity profiles, physical
fitness, and health-related quality of life: a study protocol.”. Front Public Health.
(2018) 6:47. doi: 10.3389/fpubh.2018.00047

9. Toscano CVA, Ferreira JP, Quinaud RT, Silva KMN, Carvalho HM, Gaspar JM.
Exercise improves the social and behavioral skills of children and adolescent with
autism Spectrum disorders. Front Psychiatry. (2022) 13:1027799. doi: 10.3389/fpsyt.
2022.1027799

10. Cai K-L, Wang J-G, Liu Z-M, Zhu L-N, Xiong X, Klich S, et al. Mini-Basketball
training program improves physical fitness and social communication in preschool
children with autism Spectrum disorders. J Hum Kinet. (2020) 73(1):267–78.
doi: 10.2478/hukin-2020-0007

11. Merege Filho CAA, Alves CRR, Sepúlveda CA, Costa ADS, Lancha Junior AH,
Gualano B. Influence of physical exercise on cognition: an update on physiological
mechanisms. Revista Brasileira de Medicina do Esporte. (2014) 20(3):237–41.
doi: 10.1590/1517-86922014200301930

12. Moradi H, Sohrabi M, Taheri H, Khodashenas E, Movahedi A. Comparison of
the effects of perceptual-motor exercises, vitamin D supplementation and the
combination of these interventions on decreasing stereotypical behavior in children
with autism disorder. Int J Dev Disabil. (2020) 66(2):122–32. doi: 10.1080/
20473869.2018.1502068

13. Movahedi A, Bahrami F, Marandi SM, Abedi A. Improvement in social
dysfunction of children with autism Spectrum disorder following long term kata
techniques training. Res Autism Spectr Disord. (2013) 7(9):1054–61. doi: 10.1016/j.
rasd.2013.04.012

14. Xu W, Yao J, Liu W. Intervention effect of sensory integration training on the
behaviors and quality of life of children with autism. Psychiatr Danub. (2019) 31
(3):340–46. doi: 10.24869/psyd.2019.340

15. Wang JG, Cai KL, Liu ZM, Herold F, Zou L, Zhu LN, et al. Effects of Mini-
basketball training program on executive functions and core symptoms among
preschool children with autism Spectrum disorders. Brain Sci. (2020) 10(5):263.
doi: 10.3390/brainsci10050263

16. Liu H, Talalay P, Fahey JW. Biomarker-Guided strategy for treatment of autism
Spectrum disorder (asd). Cns & Neurological Disorders-Drug Targets. (2016) 15
(5):602–13. doi: 10.2174/1871527315666160413120414

17. Benedetti-Isaac J, Camargo L, Cardenas FP, Lopez N. Effectiveness of deep brain
stimulation in refractory and drug-resistant aggressiveness in autism Spectrum
frontiersin.org

http://www.topeditsci.com
https://doi.org/10.3389/fpsyg.2020.01260
https://doi.org/10.1016/j.lcsi.2020.100467
https://doi.org/10.1001/jama.2017.17812
https://doi.org/10.1542/peds.2017-4161
https://doi.org/10.1542/peds.2017-4161
https://doi.org/10.1097/DBP.0000000000000437
https://doi.org/10.1016/j.psc.2020.08.003
https://doi.org/10.1016/j.psc.2020.08.003
https://doi.org/10.1517/14656566.2016.1154536
https://doi.org/10.3389/fpubh.2018.00047
https://doi.org/10.3389/fpsyt.2022.1027799
https://doi.org/10.3389/fpsyt.2022.1027799
https://doi.org/10.2478/hukin-2020-0007
https://doi.org/10.1590/1517-86922014200301930
https://doi.org/10.1080/20473869.2018.1502068
https://doi.org/10.1080/20473869.2018.1502068
https://doi.org/10.1016/j.rasd.2013.04.012
https://doi.org/10.1016/j.rasd.2013.04.012
https://doi.org/10.24869/psyd.2019.340
https://doi.org/10.3390/brainsci10050263
https://doi.org/10.2174/1871527315666160413120414
https://doi.org/10.3389/fped.2023.1193648
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Jia et al. 10.3389/fped.2023.1193648
disorder. Res Autism Spectr Disord. (2023) 102:102131. doi: 10.1016/j.rasd.2023.
102131

18. Bremer E, Crozier M, Lloyd M. A systematic review of the behavioural outcomes
following exercise interventions for children and youth with autism Spectrum
disorder. Autism. (2016) 20(8):899–915. doi: 10.1177/1362361315616002

19. Srinivasan SM, Pescatello LS, Bhat AN. Current perspectives on physical activity
and exercise recommendations for children and adolescents with autism Spectrum
disorders. Phys Ther. (2014) 94(6):875–89. doi: 10.2522/ptj.20130157

20. Howells K, Sivaratnam C, May T, Lindor E, McGillivray J, Rinehart N. Efficacy
of group-based organised physical activity participation for social outcomes in
children with autism Spectrum disorder: a systematic review and meta-analysis.
J Autism Dev Disord. (2019) 49(8):3290–308. doi: 10.1007/s10803-019-04050-9

21. Wang LAL, Petrulla V, Zampella CJ, Waller R, Schultz RT. Gross motor impairment
and its relation to social skills in autism Spectrum disorder: a systematic review and two
meta-analyses. Psychol Bull. (2022) 148(3-4):273–300. doi: 10.1037/bul0000358

22. Ferreira JP, Ghiarone T, Cabral Junior CR, Furtado GE, Moreira Carvalho H,
Machado-Rodrigues AM, et al. “Effects of physical exercise on the stereotyped behavior
of children with autism Spectrum disorders.”. Medicina-Lithuania. (2019) 55(10):685.
doi: 10.3390/medicina55100685

23. Moher D, Liberati A, Tetzlaff J, Altman DG. Prisma group. “preferred reporting
items for systematic reviews and meta-analyses: the prisma statement. Br Med J.
(2009) 339:b2535. doi: 10.1136/bmj.b2535

24. Chan AS, Sze SL, Siu NY, Lau EM, Cheung MC. A Chinese mind-body exercise
improves self-control of children with autism: a randomized controlled trial. PloS one.
(2013) 8(7):e68184. doi: 10.1371/journal.pone.0068184

25. Bahrami F, Movahedi A, Marandi SM, Sorensen C. The effect of karate
techniques training on communication deficit of children with autism Spectrum
disorders. J Autism Dev Disord. (2016) 46(3):978–86. doi: 10.1007/s10803-015-
2643-y

26. Phung JN, Goldberg WA. Mixed martial arts training improves social skills and
lessens problem behaviors in boys with autism Spectrum disorder. Res Autism Spectr
Disord. (2021) 83:101758. doi: 10.1016/j.rasd.2021.101758

27. Cai K, Yu Q, Herold F, Liu Z, Wang J, Zhu L, et al. Mini-Basketball training
program improves social communication and white matter integrity in children
with autism. Brain Sci. (2020) 10(11):1–14. doi: 10.3390/brainsci10110803

28. Zanobini M, Solari S. Effectiveness of the program “acqua mediatrice di
comunicazione” (water as a mediator of communication) on social skills, autistic
behaviors and aquatic skills in asd children. J Autism Dev Disord. (2019) 49
(10):4134–46. doi: 10.1007/s10803-019-04128-4

29. Koch SC, Mehl L, Sobanski E, Sieber M, Fuchs T. Fixing the mirrors: a feasibility
study of the effects of dance movement therapy on young adults with autism Spectrum
disorder. Autism. (2015) 19(3):338–50. doi: 10.1177/1362361314522353

30. Yang S, Liu Z, Xiong X, Cai K, Zhu L, Dong X, et al. Effects of Mini-basketball
training program on social communication impairment and executive control network
in preschool children with autism Spectrum disorder. Int J Environ Res Public Health.
(2021) 18(10):5132. doi: 10.3390/ijerph18105132

31. Najafabadi MG, Sheikh M, Hemayattalab R, Memari AH, Aderyani MR, Hafizi
S. The effect of spark on social and motor skills of children with autism. Pediatr
Neonatol. (2018) 59(5):481–87. doi: 10.1016/j.pedneo.2017.12.005

32. Haghighi AH, Broughani S, Askari R, Shahrabadi H, Souza D, Gentil P.
Combined physical training strategies improve physical fitness, behavior, and social
skills of autistic children. J Autism Dev Disord. (2022). doi: 10.1007/s10803-022-
05731-8

33. Aithal S, Karkou V, Makris S, Karaminis T, Powell J. A dance movement
psychotherapy intervention for the wellbeing of children with an autism Spectrum
disorder: a pilot intervention study. Front Psychol. (2021) 12:588418. doi: 10.3389/
fpsyg.2021.588418

34. Muller K. Statistical power analysis for the behavioral sciences. Technometrics.
(1989) 31(4):499–500. doi: 10.1080/00401706.1989.10488618

35. Gallotta MC, Emerenziani GP, Franciosi E, Meucci M, Guidetti L, Baldari C.
Acute physical activity and delayed attention in primary school students. Scand
J Med Sci Sports. (2015) 25(3):e331–e38. doi: 10.1111/sms.12310

36. Sandbakk O, Haugen T, Ettema G. The influence of exercise modality on
training load management. Int J Sports Physiol Perform. (2021) 16(4):605–08.
doi: 10.1123/ijspp.2021-0022
Frontiers in Pediatrics 12
37. Matsushima K, Kato T. Social interaction and atypical sensory processing in
children with autism Spectrum disorders. Hong Kong Journal of Occupational
Therapy. (2013) 23(2):89–96. doi: 10.1016/j.hkjot.2013.11.003

38. Xiao J, Chen H, Shan X, He C, Li Y, Guo X, et al. Linked social-communication
dimensions and connectivity in functional brain networks in autism Spectrum
disorder. Cerebral Cortex. (2021) 31(8):3899–910. doi: 10.1093/cercor/bhab057

39. Morales J, Fukuda DH, Garcia V, Pierantozzi E, Curto C, Martinez-Ferrer JO,
et al. Behavioural improvements in children with autism Spectrum disorder after
participation in an adapted judo programme followed by deleterious effects during
the COVID-19 lockdown. Int J Environ Res Public Health. (2021) 18(16):8515.
doi: 10.3390/ijerph18168515

40. Gadaire DM, Bartell K, Villacorta J. Evaluating group activity schedules to
promote social play in children with autism. Learn Motiv. (2018) 64:18–26. doi: 10.
1016/j.lmot.2017.11.004

41. Gadaire DM, Creel KL, Noto J. Effects of group activity schedule training on
preference for social play among children with autism. Learn Motiv. (2020)
71:101638. doi: 10.1016/j.lmot.2020.101638

42. Penney AM, Greenson J, Schwartz IS, Estes AM. "On-Time autism intervention":
a diagnostic practice framework to accelerate access. Front Psychiatry. (2022)
13:784580. doi: 10.3389/fpsyt.2022.784580

43. Hyun LS. The role and implications of early detection and early intervention of
autism Spectrum disorders. Korean J Early Childhood Spec Edu. (2009) 9(1):103–33.
KJD:ART001337742.

44. Hui YY. Review of early intervention for children with autism Spectrum
disorder: focused on randomized controlled trials. Korean J Child & Adolescent
Psychiatr. (2019) 30(4):136–44. doi: 10.5765/jkacap.180035

45. Camodeca A. Diagnostic utility of the gilliam autism rating scales-3rd edition
parent report in clinically referred children. J Autism Dev Disord. (2022) 53
(5):2112–26. doi: 10.1007/s10803-022-05483-5

46. Donnelly JP, Lopata C, Jordan AK, Thomeer ML, Rodgers JD, McDonald CA,
et al. Informant discrepancies in the assessment of asd symptoms of high-
functioning childrenwith asd using the srs-2. Meas Eval Couns Dev. (2018) 51
(1):60–70. doi: 10.1080/07481756.2017.1395706

47. Hartl K., Durno N., Schmid R., Heisen M., Ethgen O., Szilvasy Z.,… & Stolk E.
“Preference study in childhood autism Spectrum disorder (asd) using the childhood
autism rating scale (Cars2): a feasibility assessment.” Qual Life Res 30, no. SUPPL 1
(2021): S113–S14. WOS:000712224700237

48. White SW, Smith LA, Schry AR. Assessment of global functioning in
adolescents with autism Spectrum disorders: utility of the developmental
disability- child global assessment scale. Autism. (2014) 18(4):362–69.
doi: 10.1177/1362361313481287

49. Roach L, Keats M. Skill-Based and planned active play versus free-play effects on
fundamental movement skills in preschoolers. Percept Mot Skills. (2018) 125
(4):651–68. doi: 10.1177/0031512518773281

50. Park S, Ren L. The effects of sensory integration training on motor, adaptability
and language development in 3-5 year-old children with developmental delay. The Int
J Adv Cult Technol. (2022) 10(4):294–303. KJD:ART002916305

51. Saidi M, Towhidkhah F, Gharibzadeh S, Lari AA. A biologically inspired neural
model for visual and proprioceptive integration including sensory training. J Integr
Neurosci. (2013) 12(4):491–511. doi: 10.1142/S0219635213500301

52. Colombo-Dougovito AM, Lee J. Social skill outcomes following physical activity-
based interventions for individuals on the autism Spectrum: a scoping review
spanning young childhood through young adulthood. Adapt Phys Activ Q. (2021)
38(1):138–69. doi: 10.1123/apaq.2019-0080

53. McNaughton KA, Kirby LA, Warnell KR, Alkire D, Merchant JS, Moraczewski
D, et al. Social-Interactive reward elicits similar neural response in autism and typical
development and predicts future social experiences. Dev Cogn Neurosci. (2023)
59:101197. doi: 10.1016/j.dcn.2023.101197

54. Hanley M, Riby DM, Carty C, McAteer AM, Kennedy A, McPhillips M. The use
of eye-tracking to explore social difficulties in cognitively able students with autism
Spectrum disorder: a pilot investigation. Autism. (2015) 19(7):868–73. doi: 10.1177/
1362361315580767

55. Forgeot d’Arc B, Delorme R, Zalla T, Lefebvre A, Amsellem F, Moukawane S,
et al. Gaze direction detection in autism Spectrum disorder. Autism. (2017) 21
(1):100–07. doi: 10.1177/1362361316630880
frontiersin.org

https://doi.org/10.1016/j.rasd.2023.102131
https://doi.org/10.1016/j.rasd.2023.102131
https://doi.org/10.1177/1362361315616002
https://doi.org/10.2522/ptj.20130157
https://doi.org/10.1007/s10803-019-04050-9
https://doi.org/10.1037/bul0000358
https://doi.org/10.3390/medicina55100685
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1371/journal.pone.0068184
https://doi.org/10.1007/s10803-015-2643-y
https://doi.org/10.1007/s10803-015-2643-y
https://doi.org/10.1016/j.rasd.2021.101758
https://doi.org/10.3390/brainsci10110803
https://doi.org/10.1007/s10803-019-04128-4
https://doi.org/10.1177/1362361314522353
https://doi.org/10.3390/ijerph18105132
https://doi.org/10.1016/j.pedneo.2017.12.005
https://doi.org/10.1007/s10803-022-05731-8
https://doi.org/10.1007/s10803-022-05731-8
https://doi.org/10.3389/fpsyg.2021.588418
https://doi.org/10.3389/fpsyg.2021.588418
https://doi.org/10.1080/00401706.1989.10488618
https://doi.org/10.1111/sms.12310
https://doi.org/10.1123/ijspp.2021-0022
https://doi.org/10.1016/j.hkjot.2013.11.003
https://doi.org/10.1093/cercor/bhab057
https://doi.org/10.3390/ijerph18168515
https://doi.org/10.1016/j.lmot.2017.11.004
https://doi.org/10.1016/j.lmot.2017.11.004
https://doi.org/10.1016/j.lmot.2020.101638
https://doi.org/10.3389/fpsyt.2022.784580
https://doi.org/10.5765/jkacap.180035
https://doi.org/10.1007/s10803-022-05483-5
https://doi.org/10.1080/07481756.2017.1395706
https://doi.org/10.1177/1362361313481287
https://doi.org/10.1177/0031512518773281
https://doi.org/10.1142/S0219635213500301
https://doi.org/10.1123/apaq.2019-0080
https://doi.org/10.1016/j.dcn.2023.101197
https://doi.org/10.1177/1362361315580767
https://doi.org/10.1177/1362361315580767
https://doi.org/10.1177/1362361316630880
https://doi.org/10.3389/fped.2023.1193648
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	The effect of physical exercise on disordered social communication in individuals with autism Spectrum disorder: a systematic review and meta-analysis of randomized controlled trials
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Search results
	Basic information and intervention characteristics of the included studies
	Quality evaluation of included studies
	Meta-Analysis
	Total scores with respect to social communication disorder
	Subgroup analysis

	Sensitivity analysis
	Publication bias

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Acknowledgment
	Conflict of interest
	Publisher's note
	References


