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Abstract
This systematic review aims to describe six types of physical activity interventions utilized with children and young adults 
ages 5–22 as a treatment for ASD. These interventions include swimming, cycling, neuromuscular training, yoga, sports, 
and exergaming. This examines the knowledge gaps regarding the details of these interventions via time (sessions, per week, 
overall length), the severity of ASD in participants (using a 4-point scale), and the outcomes specific to ASD (cognition, 
social skills, physical fitness, and behavior). A systematic search of peer-reviewed research articles was conducted across five 
databases focusing on physical activity as an intervention for children and young adults with ASD. From an initial screening 
of 387 records, 29 of the studies were included in the review. The analysis includes types of intervention, dependent meas-
ures, research design, and intervention duration. Types of intervention most studied (swimming, cycling, neuromuscular 
training, yoga, sports, and exergaming) were further analyzed. All studies found that physical activity as an intervention, 
improved aspects of physical fitness (endurance, strength, balance), cognition, social skills (language, eye contact, engaging 
with others), and/or behavior.

Keywords Autism spectrum disorder · Physical activity · Exercise · Quality of life

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
disability that affects social communication and behavior 
development that typically is present from birth. Accord-
ing to the Diagnostic and Statistical Manual of Psychiat-
ric Disorders, 5th edition (DSM-V) (American Psychiatric 
Association, 2013), common characteristics within the 
definition and associated with ASD include the following: 
(a) significant deficits in social communication and social 
interaction including social-emotional reciprocity, nonverbal 
communicative behaviors, the ability to develop and main-
tain relationships, and (b) limited and/or repetitive patterns 
of behavior, interests, or activities, including repetitive or 

stereotypical movement patterns or speech, insistence on 
sameness and strict adherence to routines, fixation in a few 
interests that are abnormal in intensity or focus, and hyper-
sensitivity or hyposensitivity to sensory stimulation.

The Eunice Kennedy Shriver National Institute of Child 
Health and Human Development (NICHD) (2020) notes that 
there is currently no one standard treatment for children and/
or young adults on the autism spectrum. The effectiveness 
of particular therapies and interventions is different for each 
child on the autism spectrum (DeFilippis & Wagner, 2016). 
NICHD lists several popular treatments for ASD includ-
ing the following: (a) behavior management therapy, which 
includes applied behavior analysis (ABA) and positive 
behavioral support (PBS), (b) cognitive behavior therapy, 
which focuses on the connection between thoughts, feelings, 
and behaviors, (c) social skill training, (d) medication treat-
ment, (e) nutrition therapy, and (f) speech, occupational and 
physical therapy. Often multiple therapies are administered 
in concert to help reduce common ASD characteristics and 
increase physical health.

Physical activity (PA) as a treatment alternative or com-
plement to other treatments to improve social, behavioral, 
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and academic skills in children and young adults with ASD 
is receiving new interest from parents and clinicians, and 
research supports PA as an effective treatment (Arnell et al., 
2020; Tiner et al., 2021). In this review, PA is defined as 
moderate to vigorous exercise as suggested by prior research 
(Piercy et al., 2018). PA as an intervention has been shown 
to decrease extraneous motor behaviors (Fragala-Pinkham 
et al., 2011; Yilmaz et al., 2004), improve social skills (Cas-
tillo & Olive 2018; Fragala-Pinkham et al., 2011; Jimeno, 
2019; Pan, 2010; Radhakrishna et al., 2010; Sotoodeh et al., 
2017), and increase general fitness (Cristian, & Elsayed, 
2019; Jimeno, 2019; Kozlowski et al., 2020; Lochbaum, & 
Crews, 2003; Pan, 2010; Yilmaz et al., 2004). What is more, 
a variety of PA programs have proven to be therapeutic (suc-
cessful in decreasing negative symptoms) for those with 
ASD (Toscano et al., 2017). For example, Rosenthal-Malek 
and Mitchell (1997) found that the five participants with 
ASD in their single-subject study who participated in 20 min 
of jogging before doing academic work showed a significant 
decrease in self-stimulatory behavior and an increase in cor-
rect responding and the number of tasks completed.

Another finding in jogging was an increase in cognitive 
aspects (e.g., improved learning and academic success). 
For example, Oriel et al. (2011) found that aerobic exer-
cise such as jogging, taking a brisk walk, or riding a bike 
immediately before academic work may improve academics 
(correct answers) in young children with ASD, although no 
significant differences were found for on-task or stereotypi-
cal behavior. Furthermore, Magnusson et al. (2012) found 
that high-intensity cardio and resistance exercise twice a 
week for one hour per session resulted in improved positive 
behaviors related to academic performance and social skills 
in six children with ASD.

There have been a handful of reviews of literature and 
meta-analyses summarizing the effects of PA on individu-
als with ASD (Bremer et al., 2016; Healy et al., 2018; Lang 
et al., 2010; Sam et al., 2015; Young & Furgai, 2016). For 
example, Young and Furgai (2016) wrote a brief review that 
found swimming, jogging, and trampoline had a positive 
effect on behaviors and social skills, but their review was 
very minimal and did not detail the characteristics of the 
studies. Two groups (Healy et al., 2018; Sam et al., 2015) 
conducted meta-analyses on the effects of exercise on indi-
viduals with ASD. While both meta-analyses examined fac-
tors such as intervention, sample, and study characteristics, 
analyses of these factors were statistical and did not provide 
detail that would be easily applicable to practice. Addition-
ally, neither of these studies detailed the effects of PA on 
specific ASD characteristics such as deficits in behaviors, 
communication, and social skills.

The purpose of this study is to review the impact of 
PA on core symptoms associated with ASD for individu-
als 5 to 22 years of age. The review focuses on specific 

characteristics of these interventions including intervention 
type, research design, environment, sample, and symptom 
targeted. A synthesis of retrieved studies analysis and 
recommendations for future practices are presented. The 
overall goal of this review is to analyze what PA interven-
tions are commonly used and supported by research; what 
severity of ASD is empirically shown to benefit from these 
interventions and extract enough detail of each interven-
tion that they may be replicated by the general public and 
experts alike. This review seeks to close the research gap 
between interventions and the severity of ASD, as well as 
increase application of these empirical findings by the gen-
eral public. To the best of the authors’ knowledge, there 
are no other reviews that address the severity of ASD diag-
nosis and PA interventions. What is more, by including as 
much detail as possible about each PA intervention, it can 
be argued that parents of children and young adults with 
ASD have greater potential to replicate these interventions 
successfully on their own. Finally, by providing the sever-
ity of ASD diagnosis, parents and guardians will also have 
a better idea of if a PA intervention is appropriate for their 
dependent, and if there is empirical support for its use.

Methods

Search Criteria

This review utilizes a search that adheres to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) (Moher et al., 2015). The following are the data-
bases that were searched for peer-reviewed articles: Pubmed, 
SagePub, SPORTDiscus, Elseiver, and JSTOR. Search cat-
egories include sample population, intervention, and out-
come: (a) sample: autism, ASD, autistic; (b) intervention: 
exercise, cross-training, weightlifting, neuromuscular train-
ing, cycling, swimming, yoga, physical activity, and exer-
gaming; and (c) outcomes: social skills, positive behaviors, 
endurance, strength, balance, cognitive function, and/or 
behavioral outcomes. Published reviews of the literature on 
PA and ASD are also included in the search but had to have 
been published in 2000 or later (this is discussed further 
below). References from found articles are also examined 
to determine if any studies were missed during the initial 
search.

Inclusion and Exclusion Criteria

To be included in the present review, studies had to meet 
three criteria. First, the study had to consist of at least one 
participant with an ASD diagnosis. Second, participants had 
to be 22 years old or younger. Third, the intervention had to 
be a form of PA (e.g., swimming, cycling, or yoga). To be 



751Review Journal of Autism and Developmental Disorders (2023) 10:749–770 

1 3

included as a category of PA, the intervention had to meet 
the following criteria: there were at least four empirical stud-
ies within that category of intervention, and the research 
reported on outcomes related to ASD. Exclusion criteria 
include articles not available in English or not published in 
a peer-reviewed journal, and articles published before the 
year 2000. This year was used to encompass the most con-
temporary research that is most likely to be used and built 
upon by the field.

As seen in Fig. 1, an initial screening started with 1974 
records. Of these records, 315 duplicates were removed. 
Many of these studies were excluded because they focused 
on teaching or pedagogy as an intervention, with PA being 
the dependent variable, or did not report outcomes related 
to a PA intervention (n = 1272). Other common excluding 
factors were not having a population with ASD (n = 80), not 
being of an empirical source (n = 54), not having at least four 
articles exploring category type (n = 82), the full article was 
not available (n = 26), the article did not report outcomes 
on previously deemed dependent variables (e.g., balance, 

aerobic-endurance, cognition) (n = 41), and age of partici-
pants was not reported (n = 34). From the remaining arti-
cles, 29 were found that focused on PA as an intervention in 
ASD with dependent measures including motor skills, social 
skills, cognition, balance, strength, behavioral outcomes, and 
aerobic endurance. From these studies, six categories for 
interventions were created: swimming, cycling, neuromus-
cular training, yoga, exergaming, and sports.

Collectively, 29 studies provided interventions to 632 par-
ticipants with ASD. Of the studies that identified gender, 
85% of the participants were male, and 14% were female. 
Importantly, only 34% of the cited articles specified the gen-
der of their participants. The age range was 5 to 22 years of 
age. This age range was chosen to reflect the large period 
that an individual with ASD may be in the school system.

Data Extraction and Analysis

Using a data extraction based on the PRISMA statement 
for reporting systematic reviews, both authors (JH, MB) 

Fig. 1  Data extraction and 
analysis
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examined the studies included in this review for the follow-
ing data: (a) study characteristics, measured independent and 
dependent variables; (b) intervention characteristics; and (c) 
participant characteristics (see Fig. 1 and the heading “Par-
ticipant ASD Diagnoses”).

Study Characteristics

When examining the studies for this review, the authors 
included quasi-experimental and experimental research, 
with quasi-experimental used when researchers were unable 
to use randomized groups. Both of these study types are 
empirically able to establish a cause-and-effect relationship. 
This was crucial to the present review, as it seeks to establish 
if there are effects (seen in the dependent variables) caused 
by PA interventions.

Independent and Dependent Variables

The independent variable that the authors were using as a 
guide for inclusion was PA interventions. PA was the theo-
rized source of cause for the changes to the dependent vari-
ables being explored. Dependent variables included the fol-
lowing: social skills, motor skills, cognition (any measure, 
but commonly academic-related), balance, aerobic endur-
ance, balance, strength, and behavioral outcomes. These 
dependent variables were decided on by the high frequency 
of their appearance in the literature regarding PA and ASD. 
Finally, to be included in this review the studies had to report 
sufficient statistical support for their conclusions (i.e., t-tests, 
bivariate correlations, one-way ANOVA).

Intervention and Participant Characteristics

The authors searched for PA interventions that served indi-
viduals with ASD, provided outcomes, were empirical in 
execution (meaning they were conducted by researchers), 
and provided sufficient detail on duration and type of PA. 
What is more, these interventions needed to also provide 
sufficient detail on the participants included. This was neces-
sary as the authors of the current review sought to address 
the severity of ASD diagnosis, the amount of PA provided, 
and the outcomes of that intervention. Finally, there had to 
be at least four studies evaluating the same type of interven-
tion for it to be included (this was to allow for sufficient 
exploration of outcomes related to the specific intervention 
and encompass more samples of individuals with ASD) 
(Tables 1, 2, 3, 4, 5, 6, and 7). 

Participant ASD Diagnoses

All 29 of the studies consisted of participants with ASD. 
However, because the diagnosis of autism exists on a 

spectrum, each group of participants varied. To aid in exam-
ining the given research, a spectrum was created using a 
point system of 1 to 4 and a color code (see Table 8 leg-
end), to better represent the participants and where they fell 
on the ASD spectrum (ranging from mild to severe). This 
information was given by each study, although most studies 
examined provided a broad diagnosis of participants, with 
only two studies (Yilmaz et al., 2004) giving specific insight 
into the ASD diagnosis of the given participants. As seen 
in Table 8, “mild to moderate” was the most common level 
of ASD seen in the research. This can be explained by most 
of the research including a certain level of IQ and no other 
major health risks for their inclusion criteria. Only three 
studies (Caro et al., 2017; Duffy et al., 2017; Schmitz Olin 
et al., 2017) included participants with severe ASD.

Neuromuscular training had the lowest severity of ASD 
(avg. 1.4), and cycling had the highest (avg. 3). Sports was 
the second highest (avg. 2.8), closely followed by gaming 
(2.75) (Table 8). Combined, the discussed research covered 
a broad range of ASD diagnoses.

The limited inclusion for more severe ASD might be 
explained by the researchers needing participants capable 
of the following instruction, and excluding diagnoses with 
comorbidities that would add a confound to the integrity of 
the results. This might be best exemplified by the neuromus-
cular training category, which had only “mild” or “mild to 
moderate” diagnoses. Given the higher skill needed to com-
plete these interventions, a more severe diagnosis of ASD 
may have made participation difficult. In contrast, sports 
intervention had the highest severity of ASD. This could be 
explained by these sports not needing as high a skill level 
or instruction comprehension. There is also the influence 
of parents allowing their children to participate in interven-
tions that may be perceived as more dangerous. As a result, 
if a child did have a more severe diagnosis of ASD, then 
parents might not be as likely to seek the intervention due 
to safety precautions. The specific tools (when provided by 
the researchers) and criteria can be found in Table 9. While 
some of the cited research was thorough in their diagnos-
tics criteria and tools, 6 of the 29 studies (Bahrami et al., 

Table 1  Averages of weeks, sessions per week, and length of sessions 
per intervention

Activity Avg. weeks of 
intervention

Avg. number of ses-
sions per week

Avg. dura-
tion per 
session

Swimming 12 2 60 min
Cycling 3 4.5 55 min
NMT 8 3 55 min
Yoga 30 4 45 min
Sports 11 4 70 min
Exergaming 5 2 20 min
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2012; Caro et al., 2017; Ennis, 2011; Hilton et al., 2014; 
Lochbaum, & Crews, 2003; Schmitz Olin et al., 2017; Rad-
hakrishna et al., 2010; Shams-Elden, 2017) did not provide 
much information other than the participants having a diag-
nosis of ASD. It is noted that in instances (when researchers 
were using convenience samples) that the diagnostic criteria 
were to have an ASD diagnostic on record with the school or 
institution (without reference to the severity of comorbidi-
ties). Due to this simplification, the variety of ASD diag-
noses represented in these works cannot fully be explored.

Results

Interventions Used and Settings

Six of the studies (20%) used swimming as an intervention. 
Yilmaz et al. (2004) used a setting in a local swimming pool, 
with an experienced instructor. There was a demonstration 
component, followed by a manipulation component where 
the subject’s body was manually moved through the move-
ment/skill. Pan (2010) used a similar setting (a public loca-
tion with a trained instructor), but focused on specific skills 
within the water, and also outside the pool. This intervention 
also had a group component. Lawson and Little (2017) and 
Shams-Elden (2017) held their intervention in a community 
pool, with a specialized therapist leading the participants. 
These interventions focused on sensory assessments and 
were individually programmed for each participant. Ennis 
(2011) conducted an intervention that took place in a com-
munity setting, with family participation. This intervention 
also incorporated free-play into the program, while still 
teaching new aquatic skills.

Four studies (13%) used cycling as an intervention. 
Ringenbach et al. (2015) used a specialized recumbent 
stationary bike (Theracycle) that had an electric motor to 
aid participants in pedaling. This occurred in a lab setting 
with participants all using the same equipment that was 
adjusted to their specific needs for the most efficient use. 
Castillo and Olive (2018) performed their intervention at 
the Paidea School (a special education school in Barce-
lona). Tutors, teachers, club managers, and family members 
were present to help with the intervention and ensure stu-
dents were engaged and active. Schmitz Olin et al. (2017) 
used an aerobic-based intervention with stationary biking 
or walking on the treadmill. This took place in a school-
environment gymnasium. The behavioral measurements 
occurred in a familiar classroom to the student. Hauck et al. 
(2014) taught adolescents with ASD how to ride a two-
wheel bicycle, in an assessment of PA as an intervention 
on BMI and strength in ASD. The setting was in a school 
gymnasium and moved to the school parking lot if enough 
skill was acquired.Ta
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Four studies (13%) investigated neuromuscular training 
as an intervention in ASD. Kozlowski et al. (2020) held a 
high-intensity exercise intervention in a gym setting. Trained 
staff members were leading the participants in each session, 
and it was in a group setting. Shavikloo and Norasteh (2018) 
utilized an integrative neuromuscular training intervention, 
with emphasis on movements to increase functional balance. 
The study occurred in a gym setting located within a lab. 
Lochbaum and Crews (2003) used a gym setting with a vari-
ety of equipment. Cristian and Elsayed (2019) executed their 
study in a physical therapy room where trainers administered 
the program. Jimeno (2019) utilized a clinic in a multidis-
ciplinary pediatric private practice where there was a large 
gymnasium within the clinic that was used in this study.

Five studies investigated the use of yoga (17%) as an 
intervention in ASD. Radhakrishna et al. (2010) used an 
outdoor setting, with the child and parent present for each 
session. The goal was to create a serene environment for 
yoga intervention. Narasingharao (2017) used a structured 
yoga program as an intervention. The setting was at the spe-
cial education school, Academy for Severe Handicap and 
Autism (ASHA). Sotoodeh et al., (2017) performed their 
intervention in the homes of the participants, with caregiv-
ers and parents leading the instruction. Detailed instructions 
were provided for them to use. Koenig et al. (2012) created 
a yoga intervention that occurred in the school setting. Each 
morning the classroom would participate in video instruc-
tion. Finally, Kaur and Bhat (2019) utilized a yoga interven-
tion within a physical therapy program. This intervention 
occurred in a physical therapy setting.

Five studies used sports and games as interventions (17%) 
(Bahrami et al., 2012; Cai et al., 2020; Duffy et al., 2017; 
Gabriels et al., 2015). One took place outside at a college 
campus (Duffy et al., 2017) and around the surrounding area. 
Another took place in a school gymnasium (Cai et al., 2020), 
two took place on a farm (Bass et al., 2009; Gabriels et al., 
2015), and one took place in a karate studio (Bahrami et al., 
2012).

Four studies used exergaming as an intervention (13%) 
(Anderson-Hanley et al., 2011; Caro et al., 2017; Hilton 
et al., 2014). Two of these studies took place in a lab setting 
to use the proper gaming equipment (Caro et al., 2017; Hil-
ton et al., 2014). The other two occurred in physical therapy 
rooms (Anderson-Hanley et al., 2011; Peña et al., 2020).

Dependent Measures

Between the 29 articles studied in this review, there were 
seven prominent dependent variables: motor skills, social 
skills, strength, aerobic endurance, balance, behavioral 
outcomes, and cognition. Eleven studies analyzed motor 
skills, with 4 being swimming-focused (Ennis, 2011; 
Pan, 2010; Shams-Elden, 2017; Yilmaz et al., 2004), one Ta
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cycling focused (Castillo & Olive, 2018), one neuromus-
cular focused (Jimeno, 2019), two yoga focused (Kaur, & 
Bhat, 2019; Koenig et al., 2012), three exergaming focused 
(Cai et al., 2020; Hilton et al., 2014; Peña et al., 2020), one 
sport-focused (Duffy et al., 2017). Ten studies analyzed 
social skills, with three being swimming-related (Ennis, 
2011; Lawson and Little, 2017; Pan, 2010), one being 
cycling-focused (Castillo & Olive, 2018), one neuromuscu-
lar (Jimeno, 2019), three yoga focused (Koenig, et al., 2012; 
Radhakrishna et al., 2010; Sotoodeh, et al., 2017), and three 
sport-related (Bass et al., 2009; Cai et al., 2020; Gabriels 
et al., 2015). Seven studies analyzed strength as a variable, 
with two focusing on swimming (Fragala-Pinkham et al., 
2011; Yilmaz et al., 2004), one cycling focused (Hauck 
et al., 2014), two neuromuscular focused (Lochbaum, & 
Crews, 2003; Kozlowski et  al., 2020), two exergaming 
focused (Caro et al., 2017; Hilton, et al., 2014), and one 
sport-focused (Cai et al., 2020). Aerobic endurance was 
studied in five papers, one being swimming-oriented (Fra-
gala-Pinkham et al., 2011), one being cycling (Schmitz Olin 
et al., 2017), and three neuromuscular (Cristian, & Elsayed, 
2019; Lochbaum, & Crews, 2003; Kozlowski et al., 2020). 
Balance in participants was also measured in seven studies, 
with one being swimming-focused (Yilmaz et al., 2004), one 
being (Hauck et al., 2014), three being neuromuscular (Cris-
tian, & Elsayed, 2019; Kozlowski et al., 2020; Shavikloo and 
Norasteh, 2018), and two yoga (Narasingharao, 2017; Rad-
hakrishna et al., 2010). Behavioral outcomes were measured 
in 12 studies, three focusing on swimming (Ennis, 2011; 
Lawson and Little, 2017; Yilmaz et al., 2004), two in cycling 
(Schmitz Olin, et al., 2017; Ringenbach, et al., 2015), four in 
yoga (Koenig et al., 2012; Narasingharao et al., 2017; Rad-
hakrishna et al., 2010; Sotoodeh, et al., 2017), three in sport 
(Bahrami et al., 2012; Duffy et al., 2017; Gabriels et al., 
2015), and one in exergaming (Anderson-Hanley, et al., 
2011). Finally, seven studies measured cognition, with one 
cycling study (Ringenbach et al., 2015), one neuromuscular 
study (Jimeno, 2019), three exergaming studies (Anderson-
Hanley et al., 2011; Caro et al., 2017; Hilton et al., 2014), 
and two sport-related studies (Duffy et al., 2017; Gabriels 
et al., 2015).

Research Design

Of the 29 studies analyzed in this review, 24 were quasi-
experimental with non-randomized grouping (Anderson-
Hanley et al., 2011; Bahrami et al., 2012; Cai et al., 2020; 
Castillo & Olive, 2018; Cristian, & Elsayed, 2019; Duffy 
et al., 2017; Ennis, 2011; Fragala-Pinkham et al., 2011; 
Hauck et al., 2014; Hilton et al., 2014; Jimeno, 2019; Kaur, 
& Bhat, 2019; Koenig et al., 2012; Kozlowski et al., 2020; 
Lawson, & Little, 2017; Lochbaum and Crews, 2003; Nar-
asingharao, 2017; Schmitz Olin et al., 2017; Pan, 2010; Ta
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e 
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Shams-Elden, 2017; Radhakrishna et al., 2010; Peña et al., 
2020; Yilmaz et al., 2004). Four of the studies were experi-
mental, with randomized controlled groups (Bass et al., 
2009; Gabriels et al., 2015; Ringenbach et al., 2015; Sha-
vikloo and Norasteh, 2018; Sotoodeh, et al., 2017). The 
majority being quasi-experimental can arguably have to do 
with using participants who have ASD. This population can 
be difficult to randomize due to limited participants avail-
able, and of course, ASD is a non-random variable/criterion.

Intervention Duration

Twenty-four out of the 29 studies (82%) analyzed utilized 
interventions that lasted on average 11-weeks, with an aver-
age of 3.2 sessions per week, and an average of 50 min 
per session. On average, swimming interventions lasted 
12 weeks, with two sessions per week, each for 60 min. 
Swimming and exergaming tied for the lowest average of 
sessions per week (see Table 1). Cycling interventions lasted 
an average of 3 weeks, with 4.5 sessions per week, each last-
ing 55 min. Cycling had the lowest weeks of intervention 
but did have the highest number of sessions per week on 
average. Neuromuscular training lasted an average of eight 
weeks, with three sessions per week, each lasting 55 min. 
Yoga interventions averaged 30 weeks, four sessions per 
week, and 45 min for each session. Yoga had the highest 
week average amongst all the interventions. The sports inter-
ventions averaged 11 weeks, with four sessions per week, 
and an average of 70 min per session. This was the highest 
average duration per session among all the interventions. 
Exergaming as an intervention had 5 weeks on average of 
intervention length, two sessions per week, and sessions 
lasted on average 20 min. All around, exergaming had the 
lowest averages for each category (tied with swimming for 
sessions per week) (see Table 1 for a summary).

Discussion

This systematic review aimed to describe five exercise inter-
ventions utilized with participants ages 5–22 as a treatment 
for ASD, including swimming, cycling, neuromuscular 
training, yoga, and exergaming. It is interesting to note that 
while the research analyzed in this review is empirical and 
novel, there is a lack of inclusiveness. The studies in this 
review all had participants with ASD in an environment 
without typically developing children and/or young adults. 
None of the interventions were tested within an inclusive 
environment, which has been shown to support the develop-
ment of motor skills (Hutzler & Margalit, 2009; Sansi et al., 
2020) and social skills (Sansi et al., 2020). Ennis (2011) did 
provide an environment within a community setting, which 
could have been inclusive, although this specific aspect was Ta
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e 
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not being investigated. What’s more, the National Autism 
Center (2015) has stated that an inclusive PA program can 
promote not only physical skills but also decrease negative 
behaviors (i.e., self-harm). Based on this knowledge, incor-
porating an inclusive environment to exercise interventions 
could increase the success of the outcomes. Furthermore, not 
only is the psychosocial environment important but also the 
physical environment. For example, Lee and Poretta (2012) 
specifically analyzed a pool environment and cited how ben-
eficial it could be to develop motor skills in individuals with 
autism. They noted that buoyancy could allow individuals to 
practice better movement.

Lastly, only two studies (Pan, 2010; Sotoodeh, et al., 
2017) directly reported if the participants were receiving 
other interventions (i.e., physical therapy, applied behav-
ior analysis [ABA]). Pan provided the most detail, discuss-
ing how many participants received what specific kind of 
intervention: occupational therapy (n = 6), physical therapy 
(n = 2), group therapy (n = 3), and speech therapy (n = 1). 
Sotoodeh reported that participants were possibly receiving 
behavioral interventions and that they may also be on medi-
cation. Given that some studies recruited from institutions 
and schools specializing in persons with disabilities and/
or ASD (Bahrami et al., 2012; Bass et al., 2009; Cristian 

Table 8  Demographics of participants
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Table 9  Diagnostic criteria and tools provided

Author Activity Diagnostic tools and criteria

Yilmaz et al., 2004 Swimming Recruited participants from Handicaps Search Institute of Anadolu University in Turkey
Pan, 2010 Swimming “[…]diagnosed through medical and psychological assessment by experienced and knowl-

edgeable physicians in the public hospitals”
Lawson & Little, 2017 Swimming “Children with ASD (Autistic Disorder, Pervasive Developmental Disorder-Not Otherwise 

Specified, Asperger’s Syndrome per DSM-IV or autism spectrum disorder per DSM-5 
(American Psychiatric Association, 2003, 2013)”

Fragala-Pinkham et al., 2011 Swimming “diagnosed with an ASD,[…] medically able to participate in an aquatic exercise programme, 
no anticipated medication or other intervention changes during the research study period, 
no requirement for constant individualized monitoring of medical or behavioural status and 
able to follow directions and comply with fitness testing”

Shams-Elden, 2017 Swimming Autism diagnosis (per the DSM-V)
Ennis, 2011 Swimming Autism diagnosis (per the DSM-V)
Hauck et al., 2014 Cycling Autism diagnosis (per the DSM-V), BMI low enough that there were no safety risks (i.e., a 

research assistant could guide the participant on the bike and prevent falling)
Schmitz Olin et al., 2017 Cycling “children with an Autism Diagnosis”
Ringenbach et al., 2015 Cycling “[…]children with ASD under the age of 8 years were not recruited because they could not 

reach the pedals. Risk stratification included the Physical Activity Readiness Questionnaire 
(PAR-Q), and a physician’s clearance for moderate intensity exercise was obtained if neces-
sary. Any participants with a physical disability that would prevent them from completing 
the exercise interventions were not tested.”

Castillo & Olive, 2018 Cycling Participants had a diagnosis of down syndrome or autism spectrum condition, as well as 
social and motor handicaps

Jimeno, 2019 NMT “At the center, a psychologist, occupational therapist or speech pathologist screened all 
participants for group suitability through observation and were available throughout the 
program to provide advice concerning individual participants.”

Shavikloo & Norasteh, 2018 NMT “In this research, Gilliam test was performed by a specialist psychiatrist and samples were 
selected based on the points obtained in the variables in a class […] Entry requirements 
were […] confirmation of autism disorder in the child.”

Cristian & Elsayed, 2019 NMT “The research community is composed of children with neurodevelopmental disorders in 
Hafez Center Academy for people with special needs. The sample of the research was 
chosen in a deliberate manner Children with neurodevelopmental disorders and the basic 
research sample Children after the exclusion of children with different disabilities and 
multiple disabilities.”

Lochbaum & Crews, 2003 NMT Autism diagnosis (per the DSM-V)
Kozlowski et al., 2020 NMT The sample consisted of 58 children with ASD and without ID. These participants were 

recruited over two years from a summer psychosocial treatment program
Koenig et al., 2012 Yoga Autism diagnosis (per the DSM-V), and located in large urban public schools (in NY) (con-

venience sample)
Sotoodeh, et al., 2017 Yoga Children with ASD attending a school for autism in Tehran, Iran
Narasingharao, 2017 Yoga “Children were previously diagnosed as autistic as per school records under the International 

Classification for Diseases, Tenth Edition”
Kaur & Bhat, 2019 Yoga “Participants were recruited by distributing fliers in the local schools and through online 

postings on autism websites. The initial screening process included parents completing the 
Social Communication Questionnaire46 and/or providing a medical record confirming an 
ASD diagnosis for their child.”

Radhakrishna et al., 2010 Yoga Diagnosis of ASD via the ICD-10 criteria
Hilton et al., 2014 Gaming ASD diagnosis (per the DSM-V)
Caro et al., 2017 Gaming “children with ASD…”
Anderson-Hanley et al., 2011 Exergaming Diagnosed with ASD, and some expressive language
Peña et al., 2020 Exergaming Diagnosed with ASD, able to follow instruction, and not taking any medications
Cai et al., 2020 Basketball Participants were recruited from Chuying Child Developmental Center and Starssailor Edu-

caition Institution (all had ASD diagnoses)
Duffy et al., 2017 Running ASD diagnosis coupled by severe learning disabilities
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& Elsayed, 2019; Lochbaum & Crews, 2003; Schmitz Olin 
et al., 2017; Yilmaz et al., 2004), it is conceivable that more 
participants should have been reported having additional 
interventions considering the feasible resources that are 
likely to have been available (e.g., physical therapy, occupa-
tional therapy, ABA therapy). Clearly, given how additional 
outside interventions may affect the results of the studies 
at hand, future research should report these characteristics 
of the participants. Not only does this account for possible 
confounds in the analysis, but may also reveal a relationship 
between interventions that provide the most success when 
combined.

Commonalities of Interventions

A common finding for the swimming interventions was an 
increase in social skills. Research has found that the senso-
rimotor cortex region of the brain is hyperreactive in Par-
ticipants with ASD (Chen et al., 2018). As a result, partici-
pants with ASD may become internally drawn to cope with 
the hyper-arousing external environment, and thus cause 
them to disengage with activities and others. Based on this 
knowledge, PA may be an especially important invention, as 
it provides a multisensory experience (externally and inter-
nally), as well as motor coordination training (Han et al., 
2018; Heyn, 2003). This multisensory experience can aid 
in allowing participants with ASD to be more externally 
focused rather than internally. This could be why interven-
tions such as swimming led to increases in social skills. 
Once more focused on their surrounding environments 
rather than themselves, the participants were better able to 
communicate with those around them. What is more, hydro-
therapy has been shown to decrease the sensory overload 
seen via hydrostatic pressure provided (described as provid-
ing a soothing environment) (Mooventhan & Nivethitha, 
2014). Additionally, swimming tied for the lowest number 
of sessions per week (see Table 1). This might be explained 
by the availability of the pool. These interventions most 
often occurred in a community-pool setting, which may 
have decreased the availability of the resources. Moreover, 
these interventions were led by experts and therapists, and 
this also may have limited the frequency of the intervention 
due to time constraints.

There were two common findings for the cycling inter-
vention: aerobic endurance and strength. This is also found 
in the work of Fowler et al. (2007)who studied the effects 
of stationary cycling in participants ranging in age from 
7 to 18 years of age. The results showed that gross motor 
function, endurance, and strength were all significantly 
increased. This suggests that cycling is an effective interven-
tion for multiple populations and should be further utilized 
as an intervention for strength, endurance, and motor func-
tion. Finally, cycling had the highest average for sessions 
per week, but the lowest average in the length of weeks. 
While it is difficult to suggest a reason for this consistent 
finding amongst cycling interventions, it might be suggested 
that the high frequency of sessions could have decreased 
the need for more weeks. Future research may aim to study 
a longer duration of a cycling intervention and observe if 
positive outcomes are increased. What is more, observing if 
the number of sessions in total is more prominent in results, 
or the number of sessions per week could help further this 
intervention style.

A consistent finding in the neuromuscular studies was an 
increase in aerobic endurance, strength, and balance. These 
results can be explained by the work of Batrakoulis et al. 
(2018), who found that a neuromuscular training program 
significantly increased aerobic capacity in female partici-
pants. Batrakoulis also found that strength associated with 
musculoskeletal factors (i.e., ligaments, muscles, tendons) 
showed significant improvement. This aligns with the find-
ings of this review in that neuromuscular training improved 
strength, aerobic endurance, and balance. Additionally, 
this study found that these effects were still significant ten 
months after the intervention. Another supporting article 
for neuromuscular training improving balance comes from 
the work of Paterno et al. (2004). This research focused 
on using neuromuscular training to improve static balance 
in participants 13 to 17 years old. The results showed that 
there was a significant improvement in single-limb total sta-
bility and posterior stability. What is more, the average of 
this intervention was 8 weeks. This might be explained by 
the standard training block (a block is typically a 4-week 
period where specific skills are focused on). The interven-
tions ranged from 5 to 16 weeks, all accounting for at least 
one training block or more. Future research may focus on 

Table 9  (continued)

Author Activity Diagnostic tools and criteria

Gabriels et al., 2015 Horseback riding “Participants were scheduled for an initial study diagnostic and NVIQ assessment visit at the 
first author’s institution[…],” all participants had an ASD diagnosis, and were stratified via 
IQ (less or greater than 85)

Bahrami et al., 2012 Martial Arts ASD diagnosis (per the DSM-5)
Bass et al., 2009 Horseback riding Participants had an ASD diagnosis, and were recruited from the Agency of Persons with Dis-

abilities (located in the University of Miami’s Center for Autism Related Disabilities)
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combining training elements of neuromuscular training (i.e., 
plyometrics and weightlifting), as this is a common practice 
in populations without disabilities. Exploring the outcomes 
of this sort of training in participants with ASD is important, 
as it has been proven useful in other populations (Perez-
Gomez, et al., 2008).

A consistent result among the yoga interventions was an 
improvement in balance. These findings are also found in 
other populations, such as individuals with chronic stroke. 
For example, a study by Schmid et al. (2012) found that yoga 
was an effective intervention for balance. Specifically, the 
Schmid study found that a group environment was beneficial 
for improving multiple post-stroke variables (the balance 
being one and the other being a fear of falling). Moreover, 
a study analyzing the effects of yoga on inner-city children 
(Berger et al., 2009) found that the intervention significantly 
improved balance for the test group of children. Finally, the 
slow, methodical movements associated with yoga could 
have a calming effect on children with ASD and reduce the 
associated hyperactivity that is often seen in children with 
ASD. Further research is needed to examine if yoga does 
reduce hyperactivity in children with ASD. Finally, the yoga 
interventions had the highest duration of weeks. It is difficult 
to explain why, but one major reason could be that two of 
the interventions utilized a school setting (and lasted the 
length of a school year or semester) (Koenig et al., 2012; 
Narasingharao, 2017). While it was shown that physical ben-
efits are seen after yoga, future research may explore more 
cognitive-focused outcomes. Yoga is a practice that takes 
patience and generally produces a calming-effects. There-
fore, focusing more on the cognitive aspects of Participants 
with ASD could be beneficial to forming yoga interventions.

A consistent finding in the literature for sports as an 
intervention was the improvement of social skills. This 
might be explained by the work of Eime et al. (2013), who 
studied the social health outcomes of sports participation. 
Their work found that social isolation was decreased after 
participating in a team setting with sports and increased 
social interaction and participation later in life. Based 
on this research, it can be seen that sports are not only 
a physical health intervention, but also promotes social 
skills. Finally, sports as an intervention had the highest 
session duration. This might be explained by the longer 
duration needed for large group settings to acquire the nec-
essary repetitions, such as is seen with sports teams. Future 
research may explore the influence of being involved in a 
sports team year-round with multiple outlets of sport (i.e., 
playing basketball in the fall season, baseball in the spring 
season, and horseback riding in the summer). It seems from 
the cited literature that sports, in general, are beneficial 
to participants with ASD, and therefore being involved 
in a diverse group of sports may be useful. More specific 
research is needed on this idea but exploring how multiple 

sports interventions affect outcomes also may be a benefi-
cial approach.

A common dependent variable studied in exergam-
ing was cognition. The few studies that did examine the 
effects of exergaming on participants with ASD did find 
an improvement in cognition as measured by memory 
(Anderson-Hanley et al., 2011), focus duration (Caro 
et al., 2017), and working memory (Hilton et al., 2014). 
Improvement in cognition is also found in other studies, 
such as the work of Staiano and Calvert (2011), which 
found that exergaming could develop spatial awareness, 
attention, and understanding of cause-and-effect rela-
tionships. This review also suggests that exergaming can 
teach participants to respond to visual feedback, plan 
actions, understand spatial constraints, and even cre-
ate a cognitive map of their bodily movements. What is 
more, the research of Gao and Mandryk (2012) looked 
at how casual exergaming could benefit cognitive perfor-
mance. This work found that casual exergaming produced 
higher scores on two cognitive tests that analyzed focus 
and concentration, and also in the affective states of the 
participants after playing the games. Another important 
aspect of the exergaming was how short the duration of 
the intervention was. This might be explained by the 
setting of the intervention, which was often in physical 
therapy. The equipment for the video games was also 
limited to only this setting, and therefore could only be 
completed as many times a week as therapy was being 
given. There were still benefits from the intervention, 
so it may be concluded that this intervention does not 
need high exposure to be successful. Future research 
may look at increasing this duration, to observe if out-
comes continue in a linear pattern or plateau. Another 
route of research may be to explore the effects of more 
common videogames that may hold therapeutic benefits. 
Such as games on gaming consoles that are more com-
monly found in households, the genre of video games 
most beneficial, and possibly the ideal duration of this 
intervention daily.

While running was not explored as an intervention, a run-
ning intervention was seen in the sport intervention category 
(Duffy et al., 2017). One variable this intervention analyzed 
was cognition and found that there was an acute change in 
cognitive style (i.e., how individuals remember things). 
This might be explained by the research of Moon and van 
Praag (2018), who focused on neural plasticity and running. 
Importantly, this review cites how exercise has the potential 
to modify brain structures such as the hippocampus (an area 
vital for learning and memory). This change in structure 
through exercise could explain the trend of change in cogni-
tive styles that were found were prior research (Duffy et al., 
2017). The same review cites how running, in particular, 
could be potent for restructuring the hippocampus due to the 
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increase in neurogenesis it has been shown to promote. The 
review goes so far as to express how running can result in a 
two to three-fold increase in new neurons. This neurogenesis 
would be critical for neural plasticity and changes in cogni-
tive function. Therefore, running may be a critical inter-
vention for cognitive deficits. Future research may create 
more diverse running interventions (i.e., adjusting intensity 
or duration) and analyze the cognitive outcomes for indi-
viduals on the autism spectrum. If running is as critical for 
neurological health as it is suggested by the literature, more 
research is needed to explore if all cardiovascular interven-
tions hold this potential for participants with ASD, or if run-
ning is unique in this result.

Lastly, it is important to note that all of these interven-
tions were instruction-based with guided coaching and 
teaching. This is an important aspect, as the research 
of Lee and Porretta (2016) demonstrated that instruc-
tional-based learning is significantly more effective in 
reducing extraneous behaviors in ASD than free-play 
interventions. These researchers analyzed a baseline of 
stereotypic behaviors during free-play and then used 
intervention of instruction (in swimming and gymnastics 
activities), which resulted in participants decreasing their 
stereotypical behavior during instruction. The authors 
also note that simply providing age-appropriate activi-
ties and equipment is not enough to guarantee natural 
participation, as instruction and a structured environment 
are vital for the success of an intervention.

Limitations

While the cited studies are empirical, there are some 
limitations to the analysis of this systematic review. 
Each study was specific about its intervention dura-
tion (weeks, times per week, and length of session each 
week); however, the reasoning behind these numbers was 
not discussed. Therefore, while many of the interventions 
within the same category had similar durations, it was 
not often explained by the researchers why this duration 
or session length was used. Therefore, the authors of 
this review are unable to further analyze the interven-
tions seen, and the possible benefits or deficits in their 
setup. What is more, not all of the cited studies specified 
details about the participants, with only 34% of the stud-
ies revealing their gender. While this does not change 
the outcomes of the studies, it does reduce some trans-
parency of results or trends in data if any are present. 
For example, exploring if females respond with greater 
strength increases for some reason or if males respond 
with higher cognitive testing after yoga. Continuing on 
this argument of gender, there was a significant lapse of 
female participants in the studies that did identify gender. 

While autism does affect males more often, females are 
still affected and need an adequate amount of inclusive-
ness in the research.

Conclusion

The purpose of this paper was to review the literature on 
PA as a treatment for symptoms associated with ASD and 
provide enough background that this research might be 
applied in real-world scenarios. The present review found 
that many forms of PA ranging from aquatics to yoga to 
exergaming had a positive effect on specific ASD symp-
toms. Examples of positive outcomes included social 
skills, communication, and cognitive functioning as 
well as other physical benefits such as improved fitness, 
improved motor skills, balance, and spatial awareness. 
PA as an intervention should continue to be provided 
to children and young adults with ASD, and empirical 
studies should analyze PA as a treatment and continue 
to explore the unique benefits of PA on ASD. Addition-
ally, more work is needed on the exact dosage of PA 
as treatment including factors such as time per session, 
length of the program, and intensity of the PA. More 
systematic research is needed to answer questions such 
as, “Is 30 min of aquatics, yoga, or cycling once a week 
enough to demonstrate significant changes in targeted 
behaviors?” “Are longer sessions conducted multiple 
times per week needed?”.

Moreover, none of the studies included a complete 
range of ASD diagnoses. Future research may look to 
modify these interventions so that they would be more 
accessible and inclusive for all ranges of ASD. For exam-
ple, balancing interventions could be modified by pro-
viding an assisted balance option so that a participant 
with a severe ASD diagnosis could participate. Also, 
many of the studies did not allow participants with ASD 
and a known comorbid disability diagnosis to partici-
pate. While it is understood that this would add some 
confounding issues to the research due to behavioral 
or physical limitations, it can also be argued that these 
interventions are most needed in such cases. In general, 
expanding the interventions to more participants with 
ASD and learning to modify movements and skills would 
greatly increase the number of individuals that could 
benefit. While the discussed research is novel and seems 
hopeful in producing benefits, the current authors would 
argue that it is not inclusive enough and more replication 
of the given interventions is needed with more diver-
sity of ASD (not limited to only severity, but also more 
comorbidities). A major reason behind this argument is 
that the research is not inclusive of the 95% of ASD diag-
noses that have comorbidities (Soke, et al., 2018).
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