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Abstract
Purpose of Review  This review integrates recent findings from randomized controlled clinical trial (RCT) research examining 
the impacts of physical exercise activities on various aspects and areas of functioning for autistic individuals.
Recent Findings  Recent meta-analytic and clinical trials research indicates physical exercise intervention programs improve 
social and communication skills for autistic children and adolescents, improve executive functioning skills for autistic chil-
dren, improve sleep-related behavior for autistic children and adolescents, and may be helpful for improving physical health 
for autistic children. There is very limited RCT research evidence on exercise intervention approaches or impacts for autistic 
adults, for autistic girls or women, for autistic people with co-occurring intellectual disability, and for reducing negative 
emotional symptoms (e.g., anxiety, depression) for any autistic population.
Summary  The extant clinical trials research provides convincing, consistent evidence for positive impacts of physical exercise 
programs on multiple areas of functioning for autistic children and adolescents. Additional research is needed to determine 
and ensure potential impacts of physical exercise activity programs for important autistic sub-populations, including adults.

Keywords  Physical activity · Autism · Quality of life · Randomized controlled clinical trials

Introduction

Physical exercise activity involves moving one’s body 
through space, and the choice to engage in exercise can 
be influenced by a combination of interests, emotions, and 
perceived benefits, intersecting with availability and acces-
sibility. Regular physical exercise has long been studied 
and recommended for the positive impacts it produces for 
improving physical health [1]. While the recommendation 
of the World Health Organization (WHO) is for 150 min 
of physical exercise activity each week, studies have dem-
onstrated that some benefits can also be observed after 

smaller amounts of exercise [2]. Exercise interventions vary 
in delivery method and modality and can range from indi-
vidual informational programs designed to encourage and 
promote physical exercise activity, to family group classes, 
to formal policy-implemented school-based physical educa-
tion exercise activity programs [3, 4]. There are a number of 
well-documented, evidence-based positive outcomes result-
ing from exercise for the general population [5]. The focus of 
the current paper is to examine and review the evidence for 
impacts of physical exercise activity programs specifically 
for autistic people.

Regarding specific targets, physical exercise has been 
found to be effective for reducing core psychiatric symp-
toms, limiting negative impacts of co-occurring secondary 
psychiatric and medical conditions, and improving physical 
health for patients living with several different psychiatric 
disorders [e.g., 6]. For example, there is evidence for posi-
tive impacts of physical exercise for patients with schizo-
phrenia [e.g., 7], alcohol use disorder [8], and anxiety and 
depressive disorders [9, 10]. Across these conditions, engag-
ing in physical activity has been found to have a variety of 
positive impacts, and therefore shows significant potential 
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to improve functioning and quality of life for people with a 
variety of psychiatric conditions [8, 11].

Exercise can often be recommended to target specific 
core features of psychiatric conditions that cause individu-
als significant difficulties and distress. For example, people 
with schizophrenia present with varied core experiences and 
symptoms, including positive symptoms (e.g., hallucina-
tions, delusions), negative symptoms (e.g., social, emotional, 
communication), and cognitive impairment. Scheewe, Backx 
[12] found that cardiovascular fitness and strength training 
exercise twice per week significantly reduced impacts of 
both positive and negative symptoms for patients with schiz-
ophrenia, compared with occupational therapy. Additionally, 
a recent meta-analysis of clinical trials indicated that people 
with alcohol use issues who engaged in long-term exercise 
programs (8 to 24 weeks; light aerobic exercise, moderate 
aerobic exercise, or yoga) exhibited significant decreases 
in weekly alcohol consumption [13]. Furthermore, exercise 
has been perhaps most well-studied for its positive effects 
on the treatment of symptoms of anxiety and depression. For 
example, physical activity has been found to delay the onset 
of anxiety and depression [9]. Among the general popula-
tion, aerobic exercise activity has also been demonstrated 
to improve attention, working memory, processing speed, 
and other executive functions, each and all of which can be 
impaired in those with a variety of mental health diagnoses, 
either as core symptoms or as co-occurring mental health 
symptoms or diagnoses [14].

Disturbances in, or barriers to, maintaining physical 
health also commonly accompany psychiatric conditions and 
can pose additional stressors and even a shortened lifespan 
for patients. Physical health conditions common amongst 
individuals with psychiatric disorders include weight gain, 
cardiovascular disease, and diabetes. Regular exercise can 
aid in mitigating negative physical health outcomes asso-
ciated with psychiatric conditions. For example, physical 
activity plays an important role in treating physical health 
concerns associated with antipsychotic medication use for 
patients with schizophrenia, including obesity, diabetes, and 
metabolic syndrome [7]. Moreover, people with alcohol use 
disorders (AUDs) are often undertreated, and AUD is often 
accompanied by serious secondary health risks including 
diabetes and cardiovascular disease. It has even been theo-
rized that it may be easier to change lifestyle habits for this 
population when the focus is on increasing physical exercise 
activities rather than limiting alcohol use [8]. Exercise inter-
ventions have also been examined as a means for improving 
physical health outcomes associated with depression, includ-
ing weight gain and sleep disturbance [10].

It is very well-documented that autistic people experience 
difficulties and distress in areas related to their core autism 
traits, co-occurring psychiatric and medical conditions, and 
that they often experience challenges with their physical 

health and well-being. It is, therefore, critically important 
that we develop and establish an evidence-based understand-
ing of the potential benefits of physical exercise activities 
for the autistic population. As described earlier, exercise 
interventions have been found to reduce social symptoms 
in patients with schizophrenia, for example, which suggests 
that exercise may also help reduce core social symptoms 
for autistic people. In terms of co-occurring psychiatric dif-
ficulties and conditions, many autistic people experience 
significant difficulties with executive functioning [e.g., 15], 
and generally have disproportionately higher rates of mental 
health concerns, including anxiety and depressive disorders 
[e.g., 16]. With regard to physical health, research indicates 
that autistic individuals experience increased rates of obe-
sity, sedentary behavior, cardiovascular disease, and diabe-
tes, among other physical health difficulties [17, 18].

Autism Physical Exercise Intervention 
Research

Several meta-analytic studies have recently been conducted 
on the impacts of exercise interventions on different domains 
and aspects of functioning in autistic children and adoles-
cents. Huang, Du [19] conducted a relatively comprehen-
sive meta-analysis on the effects of exercise interventions on 
autism core symptoms (including autism symptoms, com-
munication difficulties, stereotyped behaviors), as well as co-
occurring motor skills difficulties. A more recent, updated 
meta-analysis further assessed the impacts of exercise inter-
ventions on autism core symptoms, namely social communi-
cation difficulties [20]. In 2022, Monteiro, Da Silva [21] con-
ducted an updated meta-analysis examining the impacts of 
exercise interventions on co-occurring motor skills difficul-
ties in autistic children. Another meta-analysis was the first to 
focus specifically on the impacts of exercise on co-occurring 
executive functioning difficulties in autistic children and ado-
lescents [22]. Finally, in 2024, Liang, Haegele [23] conducted 
the first meta-analysis examining the impacts of exercise on 
sleep difficulties in autistic children and adolescents.

The purpose of the current paper is to provide an over-
arching, integrative review, update, and analysis addressing 
current evidence-based knowledge regarding the impacts of 
physical exercise interventions for autistic people. As part of 
this review, the findings of each of the meta-analyses is consid-
ered and reviewed, along with more recent clinical trials. We 
review the impacts of physical exercise activities on autistic 
individuals according to the following three areas of function-
ing: Core Autism Symptoms, Co-Occurring Conditions, and 
Physical Health. In all cases, the strong emphasis will be on 
considering and reviewing evidence specifically from rand-
omized controlled clinical trials as the base medical standard.
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Physical Exercise Activity Intervention 
Effects on Core Autism Symptoms

Impacts of Physical Activity on Levels of Autism, 
Social Skills, and Communication Skills

Huang, Du [19] published a single article in which they 
conducted 5 separate meta-analyses directly examining 
the consistency of impacts of physical activity on autistic 
children and/or adolescents in different aspects of their 
functioning. Three of these meta-analyses relate to core 
social and communication symptoms (i.e., levels of autism 
symptoms, social interaction skills, communication skills), 
and one examined the core symptom of stereotyped behav-
iors (see Table 1). The meta-analysis of levels of autism 
symptoms included 4 clinical trials (n = 179) and indicated 
no significant effect of physical activity on level of autism 
symptoms (e.g., Childhood Autism Rating Scale; Autism 
Behavior Checklist). An additional meta-analysis within 
their paper examined impacts of physical activity on social 
interaction skills, included 3 clinical trials (n = 197), and 
indicated consistent positive impacts of physical activity 
on social interaction skills across studies of children and 
adolescents with autism (e.g., Social Cognition Subscales 
of Social Responsiveness Scale and Gillian Autism Rating 
Scale). Their third meta-analysis relevant to core symp-
toms focused on assessing the impacts of physical activity 
on communication, included 4 clinical trials (n = 240), and 
indicated significant improvements in communication skills 
across studies of children and adolescents with autism (e.g., 
Social Communication Subscale of Social Responsiveness 
Scale and Communication Subscale of Gillian Autism Rat-
ing Scale). In 2023, Jia and colleagues reported an updated 
meta-analysis examining the impacts of physical activity 
on communication skills in children and adolescents with 
autism [20]. This meta-analysis included 14 clinical trials 
(n = 460), with results indicating that physical activities 
consistently improve communication skills, with a medium 
effects size.

Despite the null finding in Huang, Du [19] exercise and 
levels of autism symptoms meta-analysis seemingly con-
flicting with the positive impacts on social and communica-
tion skills found in their other meta-analyses and Jia, Guo 
[20] meta-analysis, this can perhaps best be explained by 
differences in the focus of the measurements. The studies 
included in the “levels of autism” analysis generally used 
more broad and more wide-ranging measures of autism 
symptoms, such as the Childhood Autism Rating Scales 
(CARS) and the Autism Behavior Checklist (ABC) [19]. On 
the other hand, the three social and communication skills-
focused meta-analyses utilized more targeted measures 
focused within the specific domain of functioning, such as 

the Social Responsiveness Scale (SRS) or relevant subscales 
of a broader assessment (e.g., Social and Communication 
Subscales of the Gilliam Autism Rating Scales; GARS). 
Moreover, the broader measures of autism symptoms (e.g., 
CARS; ABC) used in the “levels of autism” meta-analysis 
studies also often included measures of autism symptoms 
not reflective of social and communication skills, such as 
restricted interests and repetitive behaviors. Therefore, the 
finding of consistent positive impacts of physical activities 
on social skills and communication skills for autistic people 
is not inconsistent with the finding that physical activities do 
not reduce the overall level of autism [27, 28]. Instead, this 
pattern of findings suggests that physical activity effectively 
improves both social and communication skills for autistic 
children and adolescents in ways that are measurable, mean-
ingful, and important; however, the degree to which an autis-
tic person’s social and communication skills are improved 
may not consistently change their overall levels of autism 
symptoms in ways that would impact their overall diagnosis 
or their broader autism symptom severity (e.g., as indexed 
by broad autism assessments such as the CARS or the ABC).

Recent clinical trials examining the impacts of physical 
activity on levels of autism symptoms, social skills, and/or 
communication skills which were not included in the meta-
analyses described above include the following. Sotoodeh, 
Arabameri [24] utilized a pre-/post-test design with a treat-
ment-as-usual control group study to examine the impact of 
an 8-week yoga program on experimentally blinded, par-
ent-reported severity of autism symptoms using the Autism 
Treatment Evaluation Checklist (ATEC) with autistic chil-
dren aged 7- to 15-years (IQ > 80). They reported significant 
improvement in the experimental group compared with the 
control group for three of the subscales of the ATEC (i.e., 
Sociability, Cognitive and Sensory Awareness, and Health 
and Physical Behavior), but not the Speech and Language 
Subscale. These findings provide further support for posi-
tive, and socially valid (i.e., experimentally blinded parent 
report), impacts of physical activity on social functioning 
for autistic children and adolescents.

An additional randomized crossover control study 
(n = 29) was designed to determine whether single session 
aerobic exercise on a stationary bike would improve facial 
recognition abilities in autistic children, ages 7- 12 years 
[25]. Results indicated that face recognition performance 
decreased from pre- to post-test in the exercise condition 
compared with a sedentary (i.e., video watching) control 
condition. This study is an interesting initial exploratory 
investigation of potential lower-level neural and percep-
tual mechanisms which might underlie positive impacts of 
physical exercise on social functioning in autistic children; 
however, the study measures were administered after only 
one single session of physical activity while previous stud-
ies have observed positive social skills impacts only after 
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multiple sessions. Moreover, this study observed negative 
impacts on face perception without measuring social skills. 
Taken together, the relevance of the findings of this study 
to our understanding of social skills improvements are cur-
rently unclear. Although we applaud the researchers for 
wanting to better understand mechanisms underlying physi-
cal activity related improvements in social functioning, we 
would encourage future research in this area to focus on pro-
ducing further-reaching clinical impacts that improve quality 
of life for autistic people, versus lower-level mechanisms, at 
this point in time.

Impacts of Physical Activity on Restricted 
and Stereotyped Behaviors

As indicated earlier, Huang, Du [19] also conducted a meta-
analysis examining the impacts of physical activity on stere-
otyped behaviors for autistic individuals. This meta-analysis 
only included 2 clinical trials (n = 146) and indicated no pos-
itive impacts of physical exercise for reducing stereotyped 
behaviors in autistic children and adolescents (see Table 1).

One study not included in that meta-analysis was an 
experimentally controlled cross-over design which investi-
gated whether or not matching exercise activity type to spe-
cific stereotyped behavior actions reduced the frequency of 
stereotyped behaviors in autistic children aged 9- to 12-years 
[26] (see Table 1). The study findings indicated that a ball 
tapping intervention was effective for reducing hand flap-
ping stereotypic behavior but not body rocking. This pre-
liminary finding suggests that physical exercise activities 
may be effective in reducing stereotyped behavior if the 
specific topography of the targeted behavior is the same as 
the physical activity used in the intervention. However, the 
experimental design used in the study does not control for 
the possibility that hand flapping behaviors were reduced 
because the physical activity intervention specifically tired 
out their arms. Therefore, it is important to conduct follow-
up studies in order to replicate and extend this initial finding.

In 2022, researchers conducted a school-based rand-
omized controlled clinical trial examining the impacts of 
a morning jogging intervention (2 times per week) com-
pared with an education as usual control [29]. They reported 
improvements from pre-intervention to post-intervention for 
the jogging group on the Repetitive Behavior Subscale of the 
GARS. However, this effect was not significantly different 
for the jogging versus control groups, and this study had sev-
eral experimental and practical limitations that are discussed 
below. At this point in time, there is insufficient evidence 
from clinical trials to support consistent positive impacts 
of physical exercise activities on restricted and stereotyped 
behaviors for autistic people.
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Physical Exercise Activity Intervention 
Effects on Co‑Occurring Conditions

Co-occurring psychological and physical difficulties which 
commonly occur for autistic people can have serious nega-
tive impacts on both their day-to-day functioning and quality 
of life. Here, we review the clinical trials evidence base for 
positive impacts of physical exercise activities on several co-
occurring conditions which are common in autistic people.

Impacts of Physical Activity on Executive 
Functioning

Deficits and difficulties in executive functioning, includ-
ing but not limited to diagnosis of Attention Deficit Hyper-
activity Disorder (ADHD), are among the most common 
co-occurring psychological conditions for autistic people. 
Moreover, they are also one of the most studied in terms of 
clinical trials in relation to physical activity interventions. 
A recent meta-analysis directly examined the consistency of 
impacts of physical activity on executive functioning abili-
ties in autistic individuals [22]. This meta-analysis included 
7 randomized controlled clinical trials and randomized 
crossover clinical trials designs (n = 254). Results indicated 
consistent small to moderate positive impacts of physical 
activity on executive functioning skills overall across stud-
ies of autistic children, with follow-up analyses indicating 
consistent positive effects for inhibitory control and cogni-
tive flexibility but not for working memory (see Table 2).

In 2021, Tse and colleagues conducted a three-arm ran-
domized controlled clinical trial that was not included in 
the aforementioned meta-analysis [30]. In this study, 62 
autistic children were randomized to 2 weeks of learning to 
ride a bicycle (n = 22), stationary cycling (n = 20), or wait-
list control (n = 20). Significant statistical interactions were 
observed in 4 out of 6 measures of executive functioning 
(planning task, flexibility task, 2 of 3 working memory tasks, 
and 0 of 1 inhibition task) in the learning to ride a bicy-
cle condition, compared with the other two conditions. The 
results of this study suggest that cognitive engagement in a 
physical activity task is valuable for improving executive 
functioning skills for autistic children. At the same time, 
the failure to find improvements in executive functioning in 
the stationary cycling condition overall, or compared with 
the wait-list control condition, seems generally inconsistent 
with the meta-analytic findings [22]. This is particularly true 
given that the level of intensity of the bicycle and stationary 
cycling intervention conditions was relatively high at 5 times 
per week [30]. However, one notable difference between this 
study and the majority of studies included in the meta-anal-
ysis is that those studies were generally of somewhat longer 

duration (e.g., 12 weeks) and at a lower intensity (e.g., 3 
times per week) [22]. Future studies are needed to further 
our understanding of the relative roles of physical activity 
with more versus less cognitive engagement, as well as the 
role of exercise intervention duration and intensity in pro-
ducing positive outcomes [23, 40].

An additional follow-up three-armed randomized con-
trolled clinical trial was designed to examine the impacts 
of the same learning how to ride a bicycle group (n = 23), 
stationary cycling group (n = 19), and a walking control 
group (n = 22) on executive functioning and self-regulation 
[33]. Learning how to ride a bicycle produced significant 
improvements over the other two conditions for executive 
functioning, and learning how to ride a bicycle and station-
ary cycling produced improved self-regulation over walk-
ing. The findings of this study provide further clinical tri-
als evidence for the positive impacts of physical activity on 
executive functioning for autistic children, and also provide 
additional evidence that the level of cognitive load required 
during an exercise intervention activity impacts the types of 
effects the intervention produces.

Liang, Li [22] meta-analysis documents the efficacy of 
physical activity interventions for producing improvements 
in executive functioning skills specifically for the autistic 
child and adolescent population, with the exception of work-
ing memory skills. The current evidence, however, yields 
small to moderate effects, indicating that there is likely room 
for further development and improved understanding of the 
factors which moderate both the consistency and the degree 
of impacts. For example, future research might focus on the 
impacts of different types and different intensities of physi-
cal activity intervention programs, as well as the duration 
/ longevity of the improvements in executive functioning 
across time (e.g., hours, days). Furthermore, while executive 
functioning research has established a strong understanding 
of underlying cognitive mechanisms which can be meas-
ured in relatively intricate detail using button-pressing and 
reaction time tasks (e.g., Stroop task, go no-go task), it is 
critical that future research is designed to further determine 
and document positive impacts on broader measures which 
reflect consistent, measurable, and meaningful longer-term 
improvement in real-world functioning. These might include 
but, not be limited to, measures such as the Behavior Rating 
Inventory of Executive Functions (BRIEF), and measures of 
adaptive functioning and/or quality of life [33, 41]. For such 
studies, it will also be important to maintain strong experi-
mental control, through experimental masking/blinding of 
informants, and to ensure that the intervention durations and 
intensities are sufficient to produce the deeper and broader 
impacts being measured in order to reduce the likelihood of 
clinical trial failure resulting from limited clinical power.
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Impacts of Physical Activity on Anxiety 
and Emotional Functioning and Regulation

As described earlier, extensive research has documented 
that exercise programs can improve emotional functioning 
and regulation across a variety of populations, including 
symptoms of anxiety and depression. Extensive research 
has also documented elevated rates of anxiety and depres-
sion symptoms and diagnosis in the autistic population [16]. 
Despite this, there is, unfortunately, very limited clinical 
trials research on physical exercise’s potential to improve 
anxiety or other emotion-related symptoms or experiences 
for autistic people. Moreover, the results of the extant clini-
cal trials do not provide consistent positive evidence for 
impacts of physical exercise interventions on anxiety and/
or emotional symptoms for autistic individuals (see Table 2). 
In a systematic review of the research on the impacts of 
physical activity interventions on anxiety for autistic people, 
4 randomized controlled clinical trials were identified [42]. 
We discuss each of these studies, here, along with one other 
relevant and recent clinical trial.

In 2023, Lo, Lowery [35] conducted a randomized con-
trolled clinical trial (n = 148) examining the impacts of an 
8-week physical exercise activity intervention compared 
with a sedentary activity control on parent-reported and 
child-reported child anxiety, as well as cortisol levels, for 
6- to 12-year old autistic children. The findings of this study 
were reductions in parent-reported anxiety across both con-
ditions from pre-training to post-training, with no group 
interaction effects. This study can therefore be considered a 
null trial, producing no experimental evidence for the physi-
cal activity intervention program reducing anxiety symp-
toms or cortisol levels compared with the sedentary control 
condition.

Another randomized controlled clinical trial (n = 24) 
examined and compared two different app-supported physi-
cal activity intervention programs, the Puzzlewalk app and 
the Google Fit app, for reducing anxiety symptoms for autis-
tic adults [36]. Data were collected 4-weeks and 8-weeks 
into the participants’ use of these interventions. Results 
indicated no significant improvements in anxiety for either 
participant group. These findings can also be considered a 
failed clinical trial, producing no experimental evidence for 
either intervention program reducing anxiety symptoms.

In 2022, Peters, Wood [37] conducted a randomized con-
trolled clinical trial (n = 24) examining the impacts of an 
equine therapy intervention program (OTee HORSPLAY) 
compared with a waitlist control for 6- to 13-year-old autis-
tic children. Of relevance to anxiety and emotion regula-
tion, participants in the intervention condition exhibited 
significantly reduced irritability from pre-intervention to 
post-intervention. However, there was no statistical inter-
action between time (pre-/post-intervention) and group Ta
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(intervention/control). Therefore, this study also does not 
provide clear or convincing evidence for positive impacts of 
physical activities on anxiety for autistic individuals.

Researchers conducted a randomized controlled clini-
cal trial (n = 61) examining the impacts of a 6-week yoga 
program integrated with cognitive behavioral therapy com-
ponents on self-regulation for 8- to 12-year-old autistic 
children [31]. Outcomes included child-reported emotional 
functioning and anxiety. Participants in the intervention 
group self-reported improved verbal sharing of emotions, 
improved analysis of emotions, and reduced performance 
anxiety, compared with waitlist control participants. The 
findings of this study should be interpreted with caution 
due to the absence of objective measures or experimental 
masking for the autistic participants, as well as some limi-
tations to the statistical control for the analyses. However, 
these are among the first positive clinical trials evidence for 
the potential for a physical activity intervention program to 
reduce emotion-related symptoms and anxiety for autistic 
individuals.

In another study relevant to emotional functioning and 
regulation, Tse and colleagues [Tse and colleagues39] con-
ducted a small randomized controlled clinical trial (n = 27) 
comparing 12 weeks of jogging (n = 15) to a treatment as 
usual control condition (n = 12). Parent reports (not masked) 
indicated significant improvement in the emotion regula-
tion subscale of the Emotion Regulation Checklist as well 
as significant reduction in behavioral problems on the Child 
Behavior Checklist, when compared with the control group 
[33, 38]. The findings of this study are also preliminary due 
to both the small sample size and the reliance of the study 
measures on reporting from parents who were not masked to 
their child’s experimental condition. It is critically important 
for the autistic population that additional, higher quality, 
and full-scale randomized controlled clinical trials research 
be conducted on the impacts of physical exercise interven-
tions on anxiety and emotional functioning and regulation 
for autistic people.

Impacts of Physical Activity on Sleep

A recent meta-analysis examined the impacts of physical 
exercise activity interventions on sleep for autistic children 
and adolescents [23]. This meta-analysis included 8 clini-
cal trials (n = 654) and determined that physical activity 
interventions had consistent, large positive effects on parent 
reported sleep problems, night awakenings, sleep resistance, 
and sleep duration, as well as actigraph accelerometer meas-
ured sleep efficiency. A strength of this literature includes 
studies which have employed ecologically valid parent 
reports measures of sleep-related behaviors in coordination 
with objective measures, including actigraph accelerom-
eter data and/or sleep-related biological marker data (e.g., 

sleep-relevant inflammatory cytokines, melatonin) [29, 43]. 
Additional strengths of this literature include that most of 
the studies have examined impacts of exercise intervention 
programs which are community-based (e.g., in schools), and 
that a number of the studies are of reasonably long duration 
(e.g., 8- to 12-weeks). This being said, the clinical trials 
research on this topic is limited by relatively small sample 
sizes.

Impacts of Physical Activity on Motor Skills

In their 2020 paper involving multiple meta-analyses, 
Huang and colleagues reported a meta-analysis directly 
examining the consistency of impacts of physical activ-
ity on motor skills in autistic individuals [19]. This meta-
analysis included 4 clinical trials (n = 172), and indicated 
no consistent positive impacts of physical activity on motor 
skills across studies of autistic children and adolescents (see 
Table 2). In 2022, Monteiro and colleagues conducted an 
updated meta-analysis which assessed the impacts of physi-
cal activity on motor skills specifically for autistic children 
[21]. This meta-analysis included 4 randomized controlled 
clinical trials (n = 109), and also indicated no evidence for 
consistent positive impacts of physical activity on motor 
skills of autistic children (see Table 2). Below, we consider 
some more recent and representative examples of clinical 
trials research on motor skills functioning which were not 
addressed in these meta-analytic reviews.

A three-armed randomized controlled clinical trial 
(n = 30) assigned autistic children to 10 weeks of karate 
exercise (2 × per week, n = 10), aquatic exercise (2 × per 
week, n = 10), or a no intervention control (n = 30) condition 
[32]. Intervention change measures were a measure of static 
balance (i.e., stork test, seconds) and a measure of dynamic 
balance (i.e., heel-to-talk line walking). Results indicated 
significantly improved balance across both static and 
dynamic balance for both intervention conditions relative 
to the control condition, as well as significantly improved 
overall balance for the karate exercise group over the aquatic 
exercise group. These findings provide support for balance-
focused exercise training intervention improvements in static 
and dynamic balance for autistic children.

In 2023, Jin and colleagues conducted a pilot rand-
omized controlled clinical trial examining and comparing 
the impacts of two different physical activity interventions 
designed to improve motor skills for autistic preschool 
children [39]. One intervention (MOTION-ASD) involved 
eight 90-min intervention sessions targeting postural con-
trol, locomotion, object manipulation, and manual dexter-
ity. The other intervention (CO-EXC) involved eight 90-min 
intervention sessions targeting attention, impulse control, 
cognitive flexibility, working memory, and levels of physical 
activity. The MOTION-ASD intervention (n = 7) resulted 
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in significantly greater improvements in the Manual Coor-
dination sub-test of the Bruininks-Oseretsky Test of Motor 
Proficiency (BOT-2) and the Motor Skills sub-domain of 
the Vineland Adaptive Behavior Scales, compared with the 
CO-EXC intervention (n = 6). It is worth noting that the 
MOTION-ASD intervention was specifically designed to 
impact motor skills, whereas the CO-EXC intervention was 
designed to improve executive functioning [44], whereas 
the outcome measures for this study reflected motor skills 
and adaptive behavior [39]. The very small sample size and 
the large number (n = 13) of statistical analyses run with-
out reported control over statistical alpha levels for multiple 
comparisons render the reported findings as hard to interpret. 
Future studies with larger samples, an improved approach 
to statistical analysis, pre-intervention and post-intervention 
measures of motor functioning skills and executive function-
ing skills, and a third non-intervention comparison control 
condition appear warranted in this area.

Overall, the clinical trials research evidence is currently 
insufficient to suggest that physical activities improve motor 
skills for autistic children and/or adolescents. The research 
in this sub-field has generally been characterized by particu-
larly small sample sizes, weaker experimental and statisti-
cal control, and more variable approaches to both interven-
tion and research approaches. These limitations remain in 
recent and current work in this area. Research and publica-
tion activity is generally relatively high in this sub-area of 
physical activity intervention research for autism. However, 
larger sample sizes overall, larger sample sizes per interven-
tion condition, more well-controlled controlled experimental 
designs and procedures, and improved statistical approaches 
will be necessary to properly determine whether or not phys-
ical activity intervention programs can improve motor skills 
for autistic individuals. Furthermore, it will likely be impor-
tant for future research to identify and delineate sub-types 
of motor intervention approaches and/or motor intervention 
skills targets which may be more versus less effective and 
more versus less impacted for this population.

Physical Exercise Activity Intervention 
Effects on Physical Health

Despite well-documented associations of autism with 
reduced and impaired physical health, relatively limited 
clinical trials research has been conducted on the impacts 
of physical activity on physical health for the autistic popu-
lation. In a systematic review of the literature from 1995 to 
2016, Craig [45] identified 2 randomized controlled clini-
cal trials relevant to physical health for autistic children 
[see also 46]. The first was a stratified block-randomized 
controlled clinical trial (n = 50), designed to examine the 
impacts of exercise-gaming (Wii “Mario and the Sonics 

at the Olympics”; see Table 3) [47]. The intervention was 
conducted in a community-based school setting in England, 
across the entire school year. The intervention group showed 
significantly larger degrees of positive change in measures of 
weight (i.e., BMI), cardiorespiratory fitness (i.e., VO2max), 
aerobic fitness (i.e., bleep test, shuttle run), and muscle 
strength (i.e., broad jump, sit-ups), but not flexibility. The 
authors of this study are commended on the fact that the 
autistic participants had co-occurring learning disability 
ranging from moderate to severe, which is a population for 
which there is less physical exercise activity intervention 
research [47].

The other RCT identified in Craig [45] review was con-
ducted by Pan, Chu [48], and utilized a cross-over design in 
which 22 autistic boys aged 6- to 12-years were randomly 
assigned through paired stratification to receive 12 weeks of 
table tennis intervention provided in a university multi-pur-
pose room immediately (n = 11) or after 12 weeks (n = 11) 
(see Table 3). The researchers included an objective, com-
bined measure of physical strength and physical agility, 
and reported significant performance improvements on this 
measure specifically associated with the intervention period. 
Together, the findings of the studies by Dickinson and Place 
[47] and Pan, Chu [48] provide initial preliminary evidence 
that physical activity intervention programs may be helpful 
for improving physical health for autistic children.

Of relevance to clinical intervention practices and future 
research, Matheson, Drahota [50] conducted a pre-/post-
training pilot study with no control group examining the fea-
sibility and acceptability of a 16-week paired parent–child 
combined dietary and physical activity intervention pro-
gram. The “TEAM UP” intervention, with modifications 
for autistic children, was delivered by the parent with guid-
ance, direction, and support provided via weekly meetings 
with an advanced graduate student. The intervention tar-
geted dietary recommendations / calorie reduction, physical 
activity (> 60 min per day), behavior change, and parenting 
strategies. Participants were between 5 and 14 years of age, 
and each had a BMI at or above the 85th percentile. Twenty 
parent–child pairs completed the baseline assessment and 
at least one treatment session. Three parent–child pairs 
dropped out of the study. Analyses focused on the remain-
ing 17 children indicated significant reductions in BMI from 
pre-treatment to post-treatment (estimated 2.68 lbs weight 
loss). According to parent reports, children participating in 
this study increased their physical activity from an estimated 
5.82 times per week to an estimated 8.53 times per week and 
increased their intake of vegetables from 10.2 servings per 
week to 11.75 servings per week. Finally, additional analy-
ses focused on 16 parents who completed the study, and the 
study questionnaires indicated provided good evidence for 
intervention satisfaction, acceptability, and usefulness. The 
results of this pilot study are promising in that they provide 
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evidence for the acceptability and perceived usefulness by 
parents of a relatively broad and long-term physical health-
focused intervention program. The results also suggest the 
possibility that this intervention program may have poten-
tial to produce direct positive impacts on physical health in 
overweight and/or obese autistic children. However, lack of 
a control group, the relatively small sample size, and other 
limitations to the experimental design and analyses mean 
that proper randomized controlled clinical trials will need 
to be conducted to draw any conclusions on the potential 
impacts of this intervention approach.

Overall Summary of Physical Exercise 
Activity Intervention Effects for Autistic 
People

In this integrative review of the exercise and autism clinical 
trials research literature, we have determined that physical 
exercise activities have consistent positive impacts on core 
social skills and communication skills for autistic children 
and adolescents. These positive impacts are measurable, 
meaningful, and socially valid; however, the interventions 
studied to date have not yet been shown to reduce the overall 
severity level of core autistic traits. We have also determined 
that physical exercise activities improve executive function-
ing skills for autistic children, specifically for inhibitory con-
trol and cognitive flexibility but not for working memory. 
Moreover, we have found that clinical trials research indi-
cates that physical exercise activities improve sleep-related 
behaviors for autistic children. Finally, preliminary clinical 
trials research suggests that physical exercise activities may 
be helpful for improving physical health for autistic children. 
On the other hand, we have determined that there is currently 
insufficient clinical trials evidence to indicate that existing 
physical exercise interventions reduce repetitive or stereo-
typed behavior or improve motor skills for autistic people.

During this review, we have identified a critical gap 
in the extant literature, such that very few clinical trials 
have examined the ability of physical exercise to reduce 
negative emotional symptoms or increase positive affect 
or emotions for the autistic population. Furthermore, those 
that have been conducted have generally not been of high 
quality and have not produced positive evidence. Anxiety, 
depression, and emotion-related symptoms are among the 
most internally challenging and practically debilitating 
symptoms for many autistic people [51, 52]. As described 
at the beginning of this review, physical activity has been 
repeatedly shown to reduce negative emotional symp-
toms and improve positive affectivity across a variety of 
populations. Furthermore, research on other interventions 
designed to reduce anxiety and depressive symptoms has 
been limited [53], presents somewhat complicated delivery 

methods [e.g., 54], and have also been found to produce 
unique negative side effects [e.g., 55] for the autistic popu-
lation. It is pivotally important for clinical trials research 
to properly determine whether or not and, if so, how, 
physical activity interventions can contribute to reducing 
anxiety, depression, and for improving emotion-related 
symptoms in general for the autistic population.

While the extant literature is strong enough to draw these 
conclusions at present, there are also a number of important 
and on-going limitations to the literature. For example, of 
the large number of RCTs conducted in this literature, only 
2 focused on adults. Furthermore, with rare exceptions, par-
ticipant sample sizes used in the clinical trials research liter-
ature to date have been small, with many studies using sam-
ples in the 20 to 30 participants range and some as low as 13 
total participants. The literature is also limited in terms of 
participant diversity, including gender diversity (e.g., ~ 75% 
to 80% male samples), failure to even report participant race/
ethnicity in the majority of cases, and failure to report socio-
economic status of the participating individuals or families 
in the majority of cases. The result of these serious limita-
tions is that we currently have essentially no evidence-based 
understanding of the impacts of exercise interventions for 
autistic adults, for autistic girls or women, on gender diverse 
people, or on how race/ethnicity moderates or mediates the 
impacts of physical exercise activities. We also have very 
little to no evidence-based understanding for how variations 
in gender, race/ethnicity, and/or socioeconomic status affect 
accessibility and other aspects of participation in the vari-
ous physical activity intervention programs that have been 
studied to date.

In addition to sociodemographic biases, the extant clini-
cal trials literature on exercise and autism has often excluded 
autistic participants with co-occurring intellectual disability 
or those who are minimally speaking. While strict exclusion 
criteria can help researchers draw more definitive conclu-
sions, studies which exclude participation in this way do 
not account for the heterogeneity amongst autistic peoples’ 
presentations and thus, limits the generalizability of study 
findings [56] [57]. One important step towards practicing 
better inclusivity is to normalize reporting on cognitive and 
language functioning of study samples, to help document 
disparities in research [58]. Additionally, through implemen-
tation of direct measures of exercise participation (e.g., heart 
rate, time spent exercising scored from video) and enjoy-
ment (e.g., positive affect scored from videos) and objective 
measures of symptom improvements (e.g., masked inform-
ant reports, actigraph accelerometer measurements, physio-
logical or autonomic measurements), researchers can in fact 
properly develop and determine effective physical exercise 
intervention programs and determine their impacts in clini-
cal trials specifically for autistic people with co-occurring 
intellectual disability and/or language impairment [59].
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Physical Activity Intervention Activities 
and Approaches for the Autistic Population

In light of the evidence-based positive impacts reported 
from physical exercise, it is also important to consider which 
different types of physical activities might be appropriate 
and effective for autistic individuals. Focusing on the inter-
vention activities that have been implemented in studies 
reviewed in the current paper, these are incredibly varied. 
Examples include specifically Aerobic Exercise activities 
such as jogging, stationary cycling, and exercise-gaming. 
Examples also include specifically Motor and Focus exercise 
activities, such as yoga, Tai Chi, and training karate kata. 
Still other examples include physical activities described and 
defined more broadly as training, including basketball skill 
training, trampoline training, table tennis, and aquatic train-
ing activities. Several of these training programs appear to 
provide participants with skills-focused training, but with 
aerobic activity and/or motor and focus activity occurring 
variably within the training program. Finally, applied cogni-
tive tasks are incorporated into physical exercise activities in 
some studies. For example, several studies have compared 
learning to ride a bicycle to stationary cycling [33].

While a number of studies have implemented physi-
cal activities in laboratory settings that are not reflective 
of real-world intervention contexts (i.e., efficacy trials), 
it is very notable that a relatively large number and per-
centage of the clinical trials have actually examined real-
world interventions in context (i.e., effectiveness trials). 
For example, one moderately sized and longer-term RCT 
was conducted in schools in England, and produced broad 
positive physical health outcomes from an exercise-gaming 
intervention [47]. For another example, Tse and colleagues 
have published several clinical trials conducted in schools 
in Hong Kong, generally showing positive effects from 
different types of exercise interventions (e.g., basketball 
skill learning, [60]; morning jogging, [33]). Other stud-
ies have incorporated existing community-based service 
delivery program models, such as karate training studios 
or yoga studios; or created programming which could be 
relatively easily adapted to existing service delivery mod-
els. For an example of the latter, Pan, Chu [48] delivered a 
table tennis training intervention program to children in a 
university multipurpose room, which could relatively eas-
ily be adapted for delivery through a community center, 
an afterschool program, a clinic, or another community 
setting. Finally, Matheson, Drahota [50] delivered their 
autistic child physical activity intervention pilot program 
through a parent-focused delivery model, as part of a larger 
intervention program that addressed health more broadly 
(dietary, physical activity, behavior change). This program 
was implemented through each parent meeting weekly with 

a graduate student who provided guidance and support, but 
has potential to be extended more directly into the commu-
nity through further experimental research development.

Integrating and Interpreting the Evidence 
with Real World Clinical Practice

Although a scientific research base is absolutely critical for 
determining and establishing the value and impacts of physi-
cal activity interventions on various aspects and domains 
of functioning, there is a prominent gap between how and 
where research is conducted and how and where autistic 
people receive their services at any point in time.

School‑Day Physical Activity Programs

At present, most physical activity intervention programs are 
delivered through physical education programs operating 
within education systems [61, 62]. For the general popu-
lation, these programs are naturally built into the child or 
adolescent’s school day, and often focus on targeting motor 
skills [63]. For the autistic population, there are often bar-
riers to their participation in these programs as they are 
designed and implemented for the general population. There-
fore, it is important to collaborate with autistic children, 
adolescents, and/or their caregivers and service providers 
to determine the levels and types of physical activities that 
they are actually engaging in at school and, where possible, 
to put accommodations into place. This ultimately aims to 
increase the autistic individual’s integration and engagement 
in school-based physical activities. Subsequently, this may 
include after school programs, such as formal high school 
team sports program participation, where appropriate.

Community‑Based Physical Activity Programs

Alternative or supplemental opportunities for physical activ-
ity for autistic children, adolescents, and adults involve com-
munity-based programs. These include, but are not limited 
to, recreational sports team programs, recreational summer 
camps which include physical activities, and physical activ-
ity programs offered through community centers and private 
studios (e.g., yoga, martial arts). Currently, these programs 
vary tremendously regarding not only their overall suitability 
and/or appropriateness for some autistic individuals but also 
their adaptability for the integration and inclusion of autistic 
people across the spectrum. Therefore, identifying appropri-
ately matched programs may require significant investigation, 
recommendations / referrals, and/or involve a challenging 
trial-and-error process for the individual and/or their family.
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Individual and Family‑Based Physical Activities

One of the most noteworthy aspects of physical activity as 
an intervention is its relative accessibility. As described in 
some detail above, beneficial physical activity can be as 
simple as going for an early morning jog, practicing yoga at 
home, or learning how to ride a bike from a parent or sibling. 
Although not yet directly studied in clinical trials for autis-
tic individuals, other solo and family physical activities can 
include swimming laps in a pool, hiking, and weightlifting, 
among many others. Moreover, one key to physical activity 
patterns that improve physical and mental health is establish-
ment of routine patterns of physical activity. Therefore, there 
seems to be great potential in providing psychoeducation 
about the positive impacts of physical activities on over-
all well-being. In turn, this may motivate autistic people to 
incorporate regular physical activities into their established 
routines.

Barriers to Engaging in Physical Activities

While it is important to consider the ways that people can 
engage in various types of physical exercise activities, it is 
also important to consider barriers to engaging in physi-
cal activities, and associated baseline habits and activity 
levels. Common barriers to physical activity amongst the 
general population include financial costs, lack of energy, 
and preference of other activities. These barriers are often 
further exacerbated for autistic people and/or their families 
[64]. For example, the high cost of some exercise activities 
can be a financial barrier, especially considering the high 
unemployment rates among autistic adults and the finan-
cial costs of specialist services and other needs for autistic 
children and adolescents. Additionally, sedentary activities 
can provide autistic individuals with more predictable rou-
tines in a familiar environment. Lastly, physical activity may 
expose individuals to unpleasant sensory experiences that 
they would rather avoid despite known positive impacts of 
exercise. In order to increase the appeal of exercise engage-
ment, it is pivotal to consider, discuss, and address these and 
other potential barriers through collaboration with autistic 
people and/or their caregivers to identify physical activities 
which match the unique barriers, preferences, motivations, 
and opportunities for each autistic individual.

Perhaps the greatest barrier to developing a regular exer-
cise regimen lies in difficulties with motivation. A recent 
systematic review uncovered how decreased feelings of 
autonomy, connectedness, and competence can drastically 
impact motivation [65]. In some cases, autistic individuals 
may feel less competent during exercise activities due to 
motor skill differences, or difficulty understanding activ-
ity instructions. Furthermore, a lack of relatedness to non-
autistic peers or fears of exclusion can make engaging in 

group exercise activities feel daunting for some autistic peo-
ple. Critically, autistic youth may feel as though structured 
physical activity does not present as an autonomy-supportive 
environment. In conjunction with previous suggestions to 
address other barriers, shared engagement and commitment 
to the process of identifying and developing supportive envi-
ronments and adapting activities to meet autistic individu-
als’ needs can help alleviate concerns or fears that hinder 
motivation.

Autistic self-advocates also need to be directly involved 
in both clinical development and research design. Increas-
ingly, emphasis on autistic self-advocate involvement in 
research has been made, but there is still significant room 
for improvement. For example, only a limited number of 
studies having stakeholder involvement from the beginning 
of the research process [52]. It is vital in the push for autistic 
involvement in research for advocate involvement to occur 
both in setting priorities for future research as well as the 
initial designing and implementation of research projects. 
Research which has begun to explore autistic advocates' 
research priorities has found that autistic self-advocates, 
along with their families, place emphasis on research seek-
ing to improve quality of life over research focusing on bio-
logical mechanisms and the biological causes of autism [52]. 
Research focusing on mental and physical health is a par-
ticularly high priority for autistic people [51, 52, 66]. Given 
physical and mental health's high priority status, research 
into exercise as an intervention for autistic people must have 
involvement at every step of the process. Participatory pro-
cedures ensure that this research is conducted with a focus 
on autistic people's priorities and allows self-advocates to 
lend their unique insights into the autistic experience to co-
develop truly effective and truly accessible physical exercise 
activity intervention programs and truly impacting clinical 
trials research on this critically important topic.

Conclusions

Research designed to examine the impacts of physical exer-
cise activities on various aspects and areas of functioning 
for autistic people has been on-going for decades. This has 
culminated into clinical trials research studies which have 
been conducted primarily across the past 1.5 decades. The 
clinical trials on this topic have often been completed with 
limitations in their experimental designs and procedures, 
and particularly their sample sizes. However, sufficient rand-
omized controlled clinical trials have been conducted to date 
to produce a number of recent statistical meta-analytic stud-
ies examining the consistency of clinical impacts of physical 
exercise activities for autistic children and adolescents. The 
results of these meta-analytic studies and more recent rand-
omized controlled clinical trials have documented a variety 
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of meaningful and measurable consistent positive impacts of 
physical exercise activity programs for autistic people. These 
include but are not limited to consistent positive impacts on 
core autism social and communication skills symptoms, and 
improved symptoms related to co-occurring conditions such 
as executive functioning and sleep difficulties. Preliminary 
clinical trials evidence further suggests the possibility that 
physical activity interventions may be helpful for improving 
physical health indicators such as lowering BMI, increasing 
strength and agility, and/or improving cardiorespiratory fit-
ness for autistic children.

While recent research indicates clearly that there is now 
a convincing evidence base that engaging autistic individu-
als in physical exercise activity programs will improve 
their functioning, there remain significant barriers to ensur-
ing access to and participation in such programs for this 
population. For example, while an impressive number of 
the clinical trials reviewed in this paper were conducted in 
community-based settings (e.g., schools, martial arts stu-
dios), the reality is that the majority of autistic individuals 
will not have access to the same types of autism-specialist 
and/or autism-integrated programs utilized in those stud-
ies. Furthermore, autistic people equally face many of the 
same motivational and other barriers that non-autistic people 
face when it comes to engaging in regular physical activ-
ity, in addition to some unique additional potential barriers 
such as increased social and financial burdens. Therefore, it 
is critically important that clinicians, educators, and other 
professionals work collaboratively with autistic people and 
their families to identify person-specific physical exercise 
programs and opportunities to achieve exercise activity lev-
els that will produce positive effects for each individual.

Despite consistent evidence for positive impacts of physi-
cal exercise activities and programs for autistic people, there 
remain significant limitations to the literature. In particular, 
there is a clear need for more RCTs examining the impacts 
of physical exercise activities and programs on anxiety, 
depression, and other emotion-related symptoms, and on 
physical health. For the emotion-related symptoms, where 
initial small-scale studies have generally not produced posi-
tive results, there appears to be need for pilot RCTs to help 
establish feasible intervention programs and identify inter-
vention outcome measures which show potential for use in 
full-scale RCTs. For physical health, preliminary initial RCT 
findings are generally positive and the need is primarily for 
more RCTs, including larger-scale RCTs conducted in com-
munity settings. The entire exercise and autism RCT litera-
ture is generally plagued by relatively small sample sizes and 
poor generalizability to the base demographics of the autistic 
population. It is absolutely critical that future research in 
this field make more diligent efforts to recruit and study 
sociodemographic subgroups of autistic people who are not 
properly represented in the current RCT literature, namely 

1) adults, 2) girls, women and gender-diverse individuals, 
3) racial and/or ethnic minorities, and 4) those from mid-
dle- to low-income families. Furthermore, it is essential for 
this field of research to leverage objective measures of activ-
ity and improvement in order to conduct RCTs for autistic 
people with co-occurring intellectual disability or language 
impairments. Finally, truly participatory clinical develop-
ment and truly participatory research is pivotally important 
for developing interventions that autistic people can access, 
will use, and which will result in truly meaningful and 
important improvements in their functioning, experiences, 
and quality of life.
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