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Abstract
Introduction. Studies of the effect of physical activity on indicators of physical and social health, as well as communication 
skills remain relevant owing to the lack of clear recommendations regarding the types, organization, and substantive content 
of sports and exercise interventional programs, as well as means of physical education (PE) effective for autism spectrum 
disorders (ASD) treatment and correction and improving the participants’ quality of life.
Methods. The electronic databases of PubMed, LILACS, MEDLINE, Embase, and Google Scholar were searched. Co-authors 
analysed the articles in accordance with a checklist, developed their summary, and verified their accuracy. All the search results are 
relevant as of June 2019.
Results. In the scientific studies of 2000–2019 concerning the effect of applying PE programs for children with ASD, the partici-
pants were usually heterogeneous in age, level of functional capabilities, and intelligence quotient. The duration of the experiment 
was short (8–14 weeks); the frequency of interventions was different, the training sessions lasted 45–60 minutes. PE activities 
with proven effectiveness were swimming and water games, running, walking, imitation of riding, elements of yoga and oriental 
martial arts.
Conclusions. It is worth conducting a randomized study with a representative sample, within a group of the same age, intelli-
gence quotient, daily physical activity, functional capabilities that would investigate indicators of all groups (physical, cognitive, 
behavioural, communicative) in an integrated manner, with a particular focus on those that are of interest to practice.
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Introduction

The number of children with autism spectrum disorders 
(ASD) increases each year [1, 2]. Recent population-based 
studies have found a high prevalence rate of ASD. It has 
also been reported that an average of 1% of children has 
ASD in the USA; in South Korean schools, the index equals 
3.7% among males and 1.5% among females [2–4]. It is also 
emphasized that nearly 2/3 of medical cases remain undi-
agnosed and therefore do not receive any specialized help 
or services.

The term ‘ASD’ stands for a wide range of neurodevelop-
mental disorders that involve autism disorder, Asperger syn-
drome, Rett’s disorder, childhood disintegrative disorder, and 
pervasive developmental disorder – not otherwise speci-
fied (PDD-NOS). The leading diagnostics features of ASD 
include limited communication skills, difficulties with social 
interaction, restrictive behaviour patterns, difficulties in the 
development of motor behaviour; the diagnosis of specific 
subtypes requires an overall understanding of cognitive abili-
ties, speech, communication, as well as behavioural, social, 
and adaptive problems. Behavioural problems may consist 
in hyperactivity/inattention, aggression, obsessive-compul-
sive-like behaviours, and sleep disorders [2, 5]. Also, limit-
ed motor coordination, deficiencies in fine and gross motor 
functioning, repetitive, stereotypic movement in extraordinary/
stressful situations are common.

Children with ASD tend to have an inadequate level of 
physical activity (PA) [6, 7]; they often present difficulties with 

balance, posture stability, joint flexibility, and speed qualities 
development. Usually, this results in the occurrence of dis-
eases, disharmonious physical development, and a low level 
of physical fitness [8–11]. Among the postponed effects of 
the reduced PA opportunities are a dangerously sedentary 
lifestyle, cardiovascular disease, obesity, insulin resistance 
syndrome, etc. People with ASD constitute a particular risk 
group, and PA may be a useful tool to prevent some of their 
health problems.

A special and well-designed system of physical education 
(PE) can be an effective way to reduce such risks and, there-
fore, to increase the level of physical fitness, as well as the 
child’s psychomotor, cognitive, and emotional development. 
Nowadays, it is generally known that PE training and sports 
have a positive effect on indicators of mental and physical 
development, as well as children’s physical fitness. The in-
creasing number of physical exercises improves physical 
health, intellectual abilities, behavioural and social skills. Meta-
analyses and studies have provided evidence that exercises 
determine improvement in muscular and cardiovascular 
endurance; they increase physical strength and flexibility of 
individuals with intellectual disability. However, much less 
is known on whether such correlations can be found in chil-
dren with ASD and to what extent.

There are several meta-studies that confirm the positive 
effects of various means of PE on the performance of chil-
dren with ASD, in particular, their cognitive development 
[12, 13], health indicators, behavioural problems (notably, in-
dicators of aggressiveness and destructive behaviour) [13], 
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motor skills, social skills [14], muscle strength and endurance 
[14], and disruptive behaviour (e.g. stereotypy and aggres-
sive behaviour) [5].

Nowadays, there are several approaches to organizing 
PE for children with ASD. Some authors [15] are convinced 
that individual tasks are more significant in improving the 
psychophysical development and elaboration of social skills 
among children with ASD. However, in other studies [13], con-
siderable improvements in the studied parameters were 
revealed during group training.

Research has shown that improved health, including some 
psychosocial indicators in children with ASD is a result of 
applying specific types of PA in the developed PE programs 
[12–15]. Running and swimming were the most common 
means of PE for this category of children [15]. At the same 
time, intensive PA brought about stronger effects [13] than 
training programs with a low level of PA. In general, the im-
portance of PA for individuals with ASD has been confirmed 
in scientific papers, and the magnitude of the positive effects 
varies from medium to above average. There is evidence that 
in children with ASD, PE improves maladaptive behaviour 
patterns, communication skills, and academic engagement, 
although not all cognitive processes become enhanced [15].

ASD is a life-long condition; therefore, additional studies 
on the effect of PA on physical and social health indicators 
and communication skills remain relevant owing to the lack of 
clear recommendations regarding the types, organization, 
and content of sports and exercise interventional programs, 
as well as means of PE effective in ASD treatment and cor-
rection and in improving the program participants’ quality 
of life.

The purpose of this review was to analyse PE programs 
aimed at correcting the problems of children with ASD, as 
well as to clarify their informative saturation and logic of con-
struction. The review tasks were: (1) to describe the charac-
teristics (participants, sample size, the availability of control 
group, etc.) and exercise interventions (type, duration of the 
program and individual sessions, etc.) of the included studies; 
(2) to analyse the purposes and effects of the interventional 
programs, identify their weak points, and determine the gen-
eral features of programs with proven effectiveness.

Subjects and methods

The search covered the electronic databases of PubMed, 
LILACS, MEDLINE, Embase, and Google Scholar. The fol-
lowing key words were used: ‘Asperger,’ ‘autism,’ ‘ASD/
autistic spectrum disorders,’ ‘pervasive developmental dis-
orders/PDD-NOS’. These terms were paired with ‘physical 
education,’ ‘physical culture,’ ‘physical exercise,’ ‘physical 
activity,’ ‘group exercise’. Selective Boolean operators ‘AND’ 
and ‘OR’ were applied. All the search results are relevant as 
of June 2019.

Study selection and data extraction

A PRISMA diagram of the study selection process is pro-
vided in Figure 1. To be included into the analysis, the stud-
ies had to meet the following criteria: (1) reference solely to 
children with an ASD diagnosis; (2) the intervention de-
scription involving physical exercise, detailed content of the 
interventional programs, their ways of implementation, and 
effectiveness; (3) publication in the years of 2000–2019; (4) 
the full text of the article available in English. Exclusion cri-
teria were as follows: (1) protocols with incomplete studies 
(a comment, an editorial, a letter); (2) studies related to other 

diseases; (3) publications on the training of personnel who 
treat/study children with ASD or on the evaluation of their 
level of knowledge.

Assessment of the quality of included studies

In order to ensure the accuracy of the review, the first and 
the second authors independently developed a summary 
of the included studies. The accuracy of these studies was 
checked by using a modified checklist with 5 questions as 
described by Lang et al. [5]: (1) Is there an accurate descrip-
tion of the participants? (2) Is there an accurate description 
of exercise behaviour being targeted? (3) Is there an accu-
rate summary of the interventional program? (4) Is there an 
accurate description of outcomes? (5) Is there an accurate 
summary of the research methodology?

Co-authors analysed the articles in accordance with 
a checklist, developed their summary, and verified their accu-
racy. The resulting summaries were discussed, agreed on, and 
presented in Table 1.

Ethical approval
The conducted research is not related to either human or 

animal use.

Results

A total of 37 publications were selected as a result of 
the analysis of articles on examining the effect of PA among 
children with ASD for the period of 2000–2019 (Table 1).

The number of participants involved in the research varied 
significantly: from 1 person [16–18] or 2–3 people [19–24] up 
to 112 [25] in 1 group and 58 [26] or 64 [27] individuals in 2 
groups. On average, 15 subjects were engaged in the re-
search by specialists (mean [M]: 16.17; standard deviation 
[SD]: 18.44). The value of the standard error (higher than the 
arithmetic mean) confirms the wide scope of the number of 
participants.

Figure 1. PRISMA flow diagram showing the selection of papers
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The contingent of test subjects (84.2%) usually consisted 

of school-age children. In every third case (34.2%), children 
aged 6–12 years were involved in the research (Figure 2). 
The age of the participants ranged from 3 to 39 years; quite 
often, heterogeneous age groups were formed. Individuals 
of different ages were frequently engaged in one group of 
the PE program; in particular, 57.9% of the articles concerned 
children of primary, secondary, and senior school age, as well 
as adults.

The duration of PE programs ranged from 4 [28] up to 
48 weeks [27, 28] and equalled 13.55 (SD: 10.70) weeks on 
average. The duration of the main part of the analysed pro-
grams (63.2%) did not exceed 8–14 weeks (M: 10 weeks).

The frequency of training in experimental programs 
amounted to 2.57 (SD: 1.14) times/week, but also has fluc-
tuated significantly – from 1 time/week [24, 29, 30] up to 
4–5 times/week (kata studying, cycling [31, 32], tennis les-
sons [33], walking in alternation with jogging [34], outdoor 
activities [35]).

In 21% of the analysed works, the duration of the train-
ing lessons was not indicated; however, in accordance with 
the information available, it can be concluded that usually 
they lasted for 45–60 minutes (M: 50.20 min; SD: 21.18 min; 
median: 60 min; maximum: 120 min; minimum: 10 min). The 
duration of a lesson with a stationary bike, walking on a tread-
mill, walking in alternation with jogging, exergaming sessions 
did not exceed 20 minutes [19, 34, 36, 37]. In rare cases, e.g. 
training in karate technique, the sessions lasted up to 1.5 
hours [31, 32]. Recreational classes were 2 hours long [29].

Few interventional programs [17, 18, 20–25, 33, 38–41] 
did not involve a control group, which allows to consider 
them insufficiently substantiated. There is practically no infor-
mation on the intensity of the physical load applied, the in-
telligence quotient (IQ) level of children involved in the ex-
amination, the volume of PA, or the level of the participants’ 
functional capabilities.

A significant part of the works studied the effects of water 
exercises [16, 22, 38, 42, 43]. It was proved that hydrotherapy 
had a positive effect on the technical skills of people with 
ASD (e.g. on the formation of new skills [42–44]) and increased 
physical fitness levels (in particular, leg and hand strength, 
flexibility, cardiorespiratory endurance, balancing, and dex-
terity [42, 43]). Water exercises exerted a positive impact on 
the behaviour of ASD individuals and their interaction with 
others [34, 36]; a decrease in hyperactivity, anxiety, and ste-
reotypy was also observed [34, 42, 44]. Physical exercises 

Figure 2. Proportions (%) of subjects with autism spectrum  
disorders of different age ranges in the included studies (n = 37)
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in water positively influenced various indicators of quality of 
life, in particular, those of physical, emotional, social, and 
school functioning.

Hippotherapy training courses [26, 29] turned out useful 
to improve motor skills, reduce the number of stereotypies 
and mood disorders, increase self-regulation and socializa-
tion [26], strengthen social motivation, reduce sensory sen-
sitivity, overcome and correct absent-mindedness, increase 
concentration, boost fine motor skills [26, 29], as well as im-
prove communication skills [26] of children with ASD.

The use of yoga and martial arts had a positive effect on 
stereotypic behaviour [32, 33], overcoming difficulties with 
communication [31, 33], interaction with others [39, 45], im-
proving some physical fitness indicators (enhancing balance 
while standing on one and two legs) [46].

Cycling positively affected repetitive behaviour, cognitive 
functions, attentiveness, switching, perception, suppression, 
and executive functions [37, 41]; it also enhanced cognitive 
planning [42].

Positive effects were observed under the influence of exer-
cises that required complex coordination. So, the researchers 
found out a positive impact of skateboarding on the forma-
tion of new motor skills [18]. Scientists proved positive results 
of dancing on repetitive behaviour, cognitive functions, execu-
tive function [37], behavioural problems [39], physical fitness, 
and motor skills [47, 48] of children with ASD. The effect of 
gymnastics exercises on self-control [28, 49], speech devel-
opment [49], and physical fitness indicators [49] were also 
established.

Exercise programs involving cardio and strength fitness 
significantly increased the level of physical fitness in chil-
dren with ASD; they primarily improved aerobic endurance 
and muscle strength [19]. The use of exergaming reduced 
the number of actions with stereotypic behaviour, improved 
cognitive and executive functions of children with ASD [37]. 
The application of outdoor games, as well as training pro-
grams with the priority usage of elements of sports games 
increased PA [50] and positively affected the motor abilities 
of children with ASD: hand and body coordination, strength 
and dexterity [22, 33, 50]; it also improved executive func-
tion [22].

Discussion

The results of the analysis showed that in years 2000–
2019, the number of studies on the effect of PE classes in 
children with ASD gradually increased. This is a consequence 
of a real rise in researchers’ interest in this topic, since the 
use of physical exercises for therapeutic purposes is eco-
nomically advantageous, has no contraindications [54–56], 
and comprehensively affects a wide range of indicators, in-
cluding those reflecting the main development problems of 
children with ASD.

Despite the significant amount of scientific research held 
over the past 20 years, evidence of the positive effect of PA 
on overcoming manifestations of problematic behaviour 
and improving the psycho-functional state of children with 
ASD remains limited [57–60]. In the period of 2000–2019, 
most of the studies were conducted for the age group of 
6–21 years. Our data indicate a wide range of ages of par-
ticipants in pedagogical experiments, and thus confirm the 
results of other researchers who noted that the age of ex-
periment subjects ranged from 4 to 27 years [13] and from 
3 to 41 years [5]. Owing to the heterogeneity of the contin-
gent, the conclusions of most scientific articles should be 
clarified.

At the same time, there is a lack of scientific research that 
would study various groups of indicators (physical, cognitive, 
and indicators of problematic areas in children with ASD: 
behavioural and communicative ones) as a whole. This does 
not allow finding out the leading ones for accented develop-
ment.

It is worth noting that the existing studies were often 
heterogeneous, not only in terms of the participants’ age but 
also with regard to their IQ levels, the volume of their daily PA, 
and their functional capabilities. Because of the limited overall 
number of children with ASD, scientists often combine in-
vestigations of children of related age ranges into a single 
group, which is unacceptable for research among children 
without ASD. Also, the subjects’ IQ level was often not indi-
cated, although such information is essential in interpreting 
numerous indicators. For example, more than 50% of chil-
dren with ASD may achieve poor results during testing, not 
as a result of insufficient levels of PA, but because of incon-
sistencies or lack of understanding of the instructions [61, 
62]. Authors usually do not indicate the level of children’s 
functional capabilities, although there is information on large 
differences in the volume of PA [13, 63] among children with 
ASD and the related capabilities of such children, which can 
lead to significant functional differences. Children with ASD 
can significantly lag behind their peers in many other indica-
tors, too [8, 25, 64–66]. Therefore, in research results analyses, 
they must be clustered to form more homogeneous sam-
ples [67–69].

Unfortunately, detailed information on the specifics of in-
terventions for children with ASD, such as training intensity, 
volume, and frequency, was also mostly absent in publica-
tions for the period of 2000–2019. The intensity of the physi-
cal load was referred to only in individual studies, which 
does not allow exactly reproducing the training programs in 
practice and achieving the desired effect.

According to our data, PA programs lasted 4–48 weeks, 
but in most cases (60%) they were short-term and did not 
exceed 8–14 weeks. Often, the delayed effects were not 
studied. It was found that the frequency of intervention was 
3 times/week on average, with sessions lasting for 60 min-
utes (minimum of 10 minutes, up to 120 minutes as maxi-
mum). This partially confirms the results described in specialist 
literature that the duration of interventions varies from 8 to 
36 weeks, with a frequency of training classes of 2–3 times/
week and the duration of the exercise sessions of 20–40 
minutes [70]. So, training classes held 3 times/week for 45–
60 minutes each, applied for 8 weeks within a program that 
provides for an integrated use of PE, can have a significant 
effect.

There were some reservations that the duration of posi-
tive effects after physical exercises was estimated by spe-
cialists infrequently and in small samples. Indeed, the posi-
tive effects of applying physical exercises may be temporary 
[5]. In such cases, in order to consolidate the effect, experts 
[34] have recommended conducting several physical exer-
cises a day.

The results of our analysis confirm the observations from 
numerous studies on the effectiveness of water exercises, 
as well as running or walking [15]. However, for the first time, 
we proved the increased interest of researchers in studying 
the effectiveness of hippotherapy and martial arts for solv-
ing the problems of children with ASD.

The analysis of the obtained data shows that most re-
searchers studied the influence of PE programs using one 
type of PA. Only some of them concerned verifying the ef-
fectiveness of comprehensive programs that used a wide 
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range of tools. For example, we examined the effectiveness 
of a relaxation exercise program with dance and music ther-
apy tools [39], programs containing various types of exercises 
[40], training programs involving coordination and strength 
exercises [27], structured PA programs with naturally inte-
grated elements of social interaction [53]. Some studies com-
pared the effectiveness of two different programs: e.g. weight 
training and cardio fitness [19], yoga and Chinese gymnastics 
[28], one-time or three-time jogging loads [34], dance and 
exercise bike exergaming [37], or even three training pro-
grams: assistive bicycle therapy, cycling, and overall absence 
of cyclic applications [41].

The obtained results indicate that scientists usually studied 
only 1 or 2 indicators of 1, rarely 2 sets (physical, cognitive, 
and indicators of problem areas of children with ASD: behav-
ioural and communicative ones), while there are only a few 
complex multidisciplinary studies in the area. The frequency 
of studies of communicative and cognitive indicators sets 
(12% and 10%, respectively) significantly (p < 0.05) lags be-
hind the frequency of studies of physical and behavioural 
indicators in children with ASD (35% and 31%, respective-
ly). The popularity of studying these indicators is associat-
ed with the high social significance of such treatment goals 
and the critical importance of reducing harmful behaviour [13]. 
Our results are in line with data [13] stating that the most 
significant effect is observed by scientists in terms of physi-
cal development and physical fitness, and slightly less sub-
stantial results are found with reference to stereotypic and 
self-harming behaviour. Low evidence of PA exposure was 
noted in cognitive performance for adolescents, executive 
function (e.g. working memory, cognitive control, and atten-
tion), as well as better behavioural control (e.g. reduced ag-
gression and disruptive behaviour) [13].

Data on changes in quality of life (4%), the volume of PA 
(3%), and body weight (4%) in children with ASD are scarce 
and contradictory. At the same time, there is a lack of scien-
tific research that would study different sets of indicators in 
an integrated manner.

Conclusions

1. The scientific research in the period of 2000–2019 de-
voted to the shifting effect of applied PE programs for chil-
dren with autism usually included an age-heterogeneous 
contingent, corresponding to the level of children’s func-
tionality and their IQ level. The number of individuals involved 
in the research varied significantly (from 1 person up to 112). 
The population of test subjects (84.2%) usually consisted of 
school-age children; in every third case, children aged 6–12 
years took part in the research.

2. The duration of the experiments was small: up to 8–14 
weeks; the frequency of interventions differed, but usually 
equalled 3 times/week. Classes lasted for 45–60 minutes 
(but their duration varied greatly: from 10 up to 120 minutes). 
Therefore, it can be assumed that an experimental program 
could have a significant effect with a duration of 8 weeks and 
with training classes held 3 times/week, with several exercises 
per day lasting 45–60 minutes each, and a clearly fixed vol-
ume and intensity of the program involving complex appli-
cation of PE means with proven efficiency (swimming and 
playing in water, running, walking, as well as imitation of rid-
ing, elements of yoga and oriental martial arts).

3. It is worth conducting a randomized study with a rep-
resentative sample, among a contingent of the same age, 
IQ level, functional capacity, and daily PA application. The 
study should preferably include indicators of all groups (physi-

cal, cognitive, behavioural, and communicative ones) in an 
integrated manner, paying particular attention to those that 
are of interest for practice (quality of life, body weight, etc.) 
but have been infrequently investigated. The duration of the 
positive effects of physical exercise should be evidenced.
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