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Abstract
It remains unclear if participation in moderate-to-vigorous physical activity (MVPA) differs between children with ASD and
typically developing children (TDC). We compared daily MVPA, time spent in MVPA during physical education (PE) and
recess, and odds of not meeting MVPA recommendation (60 min/day) between children with ASD and TDC. Nine studies
reporting accelerometer-measuredMVPAwere included in themeta-analyses.MVPAwas 30min lower/day, 12% and 8% lower
during PE and recess, respectively, in children with ASD, and they had 4 times higher odds of not meeting MVPA recommen-
dation when compared to TDC. Children with ASD engage in daily MVPA less than TDC and below the guidelines. Tailored
interventions to increase MVPA in children with ASD are warranted.
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Recess

Autism spectrum disorder (ASD) is a developmental disorder
with an estimated global prevalence of 1.5% (Duchan and
Patel 2012; Lyall et al. 2017). Impaired social, communica-
tional, and language skills, as well as restricted and repetitive
behaviors, are core symptoms of ASD (World Health
Organization 2013). Beyond these core symptoms, impaired
motor skills have also been well documented in children with
ASD (Downey and Rapport 2012; Fournier et al. 2010; Green
et al. 2009; Pan et al. 2009; Whyatt and Craig 2012). These

impairments, combined with personal and physical barriers of
physical activity (PA) (Pan et al. 2011a; Obrusnikova and
Cavalier 2011; Must et al. 2015), may limit participation in
PA and meeting activity guidelines important for well-being
and health (Bull et al. 2020; Tremblay et al. 2011).

Evidence of objectively measured moderate-to-vigorous
physical activity (MVPA) is important because time spent in
MVPA has been related to several health outcomes in children
with ASD. Daily MVPA has been positively associated with
sleep quality (Garcia et al. 2020; Wachob and Lorenzi 2015),
cognitive function (Memari et al. 2017), and manual coordi-
nation (Chu et al. 2020), as well as strength and agility (Chu
et al. 2020) in children with ASD. In addition, daily MVPA
has been negatively associated with subclinical cardiovascular
disease risk in children with ASD (Heffernan et al. 2018).

A recent systematic review reported lower PA in children
with ASD when compared to TDC (Jones et al. 2017).
However, to the best of our knowledge, no meta-analysis has
yet been conducted comparing objectively measured MVPA
between children with ASD and TDC. Therefore, the primary
aim of this meta-analysis was to compare objectively measured
daily MVPA between children with ASD and TDC, as well as
to examine the odds ratio (ORs) between having ASD and not
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meeting the recommendation of MVPA at least 60 min/day
(Bull et al. 2020; Tremblay et al. 2011). Since school hours
are important for the accumulation of MVPA in children
(Brooke et al. 2014; Pan et al. 2015; Sandt and Frey 2005),
the secondary aim was to compare in-school MVPA, specifi-
cally the percentage of time spent in MVPA during PE and
recess, between children with ASD and TDC.

Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Liberati
et al. 2009; Moher et al. 2009) for conducting and reporting
our meta-analyses.

Search Strategy

Three investigators (MR, YZ, TW) independently conducted
an electronic search for peer-reviewed publications in three
databases (PubMed, SPORTDiscus, and Web of Science) to
retrieve all papers investigating the difference in objectively
measured daily MVPA between children with ASD and TDC.
The search was restricted to full articles in English published
from January 1, 1990, to May 31, 2020. We employed
“Child*,” “Adolescen*,” “Youth,” “Pediatr*,” “Boy,”

“Girl,” “Autistic Disorder*,” “Autism Spectrum Disorder*,”
“Autism,” “Physical Activit*,” “Moderate to Vigorous
Physical Activity,” and “MVPA” as key terms in the searches.
We combined the terms using the boolean operators “OR” and
“AND.” Table 1 provides the search strategy in detail.

Eligibility Criteria

We included studies that were published in a peer-reviewed
journal, written in English and measured MVPA objectively
in participants with ASD (mean age, 6–18 years) (including
autism, Asperger syndrome, and pervasive developmental dis-
order not otherwise specified (PDD-NOS)). We included stud-
ies reporting comorbidities (e.g., ADHD). We excluded studies
if they did not have a comparison group of TDC. Three inves-
tigators, working in groups of two (MR and TW;MR and YZ),
selected publications, and disagreements were resolved through
a discussion with a fourth investigator (SK) when required.

Data Extraction and Quality Assessment

Three investigators (MR, TW, and YZ) extracted the study
characteristics (design and location), participant characteristics
(number, age and sex), the tool used to diagnose ASD, accel-
erometer characteristics (type, epoch, wear time, the minimum
requiredwear time, measurement units, and cutoff points), daily

Table 1 Detail of search strategy

Database Search details

PubMed (((((((“child*”[All Fields] OR “adolescence*”[All Fields]) OR ((((“adolescent”[MeSH Terms] OR “adolescent”[All Fields]) OR
“youth”[All Fields]) OR “youths”[All Fields]) OR “youth s”[All Fields])) OR “podiatry*”[All Fields]) OR ((“men”[MeSH Terms]
OR “men”[All Fields]) OR “boy”[All Fields])) OR ((“women”[MeSH Terms] OR “women”[All Fields]) OR “girl”[All Fields]))
AND ((((((((“autistic disorder”[MeSH Terms] OR (“autistic”[All Fields] AND “disorder”[All Fields])) OR “autistic disorder”[All
Fields]) OR “autistic”[All Fields]) OR “autistics”[All Fields]) OR “autists”[All Fields]) AND “disorder*”[All Fields]) OR
((((((“autism s”[All Fields] OR “autisms”[All Fields]) OR “autistic disorder”[MeSH Terms]) OR (“autistic”[All Fields] AND
“disorder”[All Fields])) OR “autistic disorder”[All Fields]) OR “autism”[All Fields]) AND ((“spectrum”[All Fields] OR “spectrum
s”[All Fields]) OR “spectrums”[All Fields]) AND “disorder*”[All Fields])) OR (((((“autism s”[All Fields] OR “autisms”[All
Fields]) OR “autistic disorder”[MeSH Terms]) OR (“autistic”[All Fields] AND “disorder”[All Fields])) OR “autistic disorder”[All
Fields]) OR “autism”[All Fields]))) AND ((((((((“physical examination”[MeSH Terms] OR (“physical”[All Fields] AND
“examination”[All Fields])) OR “physical examination”[All Fields]) OR “physical”[All Fields]) OR “physically”[All Fields]) OR
“physicals”[All Fields]) AND “activit*”[All Fields]) OR ((((((((((“moderate”[All Fields] OR “moderated”[All Fields]) OR
“moderately”[All Fields]) OR “moderates”[All Fields]) OR “moderating”[All Fields]) OR “moderation”[All Fields]) OR
“moderational”[All Fields]) OR “moderations”[All Fields]) OR “moderator”[All Fields]) OR “moderators”[All Fields]) AND
“vigorous”[All Fields] AND (((“exercise”[MeSH Terms] OR “exercise”[All Fields]) OR (“physical”[All Fields] AND
“activity”[All Fields])) OR “physical activity”[All Fields]))) OR “MVPA”[All Fields])) AND (1990/1/1:2020/5/31[Date -
Publication] AND “English”[Language])

SPORTDiscus Boolean/Phrase: (child* OR adolescen* OR youth OR pediatr* OR boy OR girl ) AND ( autistic disorder* OR autism spectrum
disorder* OR autism ) AND ( physical activit* OR moderate to vigorous physical activity OR MVPA)

Limiters - Published Date: 19900101-20200531; Language: English
Expanders - Apply equivalent subjects; Apply related words

Web of Science TOPIC: (child* OR adolescen* OR youth OR pediatr* OR boy OR girl) AND TOPIC: (autistic disorder* OR autism spectrum
disorder* OR autism) AND TOPIC: (physical activit* OR moderate to vigorous physical activity OR MVPA) AND YEAR
PUBLISHED: (1990-2020) AND LANGUAGE: (English)

Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI,
CCR-EXPANDED, IC.
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minutes of MVPA, number of participants who met the daily
60 min of MVPA, and the percentage of time spent in MVPA
during PE and recess.We contacted the authors of six articles to
request those PA outcomes of interests that were not reported in
their published papers (Bandini et al. 2013; Moludi et al. 2019;
Pan et al. 2016; Sandt and Frey 2005; Stanish et al. 2017; Tyler
et al. 2014). Two authors (Bandini et al. 2013; Stanish et al.
2017) provided the requested data. We estimated means and
standard deviation (SD) from figures using GetData Graph
Digitizer 2.26 or available data when authors did not respond.
Two investigators (MR andYZ) assessed the quality and risk of
bias of included studies using the modified version of the
Newcastle-Ottawa Quality Assessment Scale (adapted for
cross-sectional studies) (Modesti et al. 2016), and the disagree-
ments were resolved through discussion with a third investiga-
tor (SK) when required. Studies were scored as good (overall
score > 7, selection domain ≥ 3, comparability domain = 2,
outcome domain > 2), fair (5 – 7, 2, 1, 2), or poor quality (<
5, 0–1, 0, 0–1) (McPheeters et al. 2012). The good, fair, and
poor quality scores suggested a low, moderate, and high risk of
bias, respectively (Bano et al. 2020).

Statistical Analysis

We estimated mean differences (MD) and standardized mean
differences (SMD) of MVPA outcomes (daily minutes and the
percentage of time spent in MVPA during PE and recess at
school) between children with ASD and TDC. We chose to
report MD as a summary statistic due to its easy interpretation
(minutes ofMVPA) and SMDdue to the variety of waysMVPA
outcomes were measured across the studies. We performed
meta-analyses using random-effects models with the inverse var-
iance method in RevMan (Review Manager Version 5.3, The
CochraneCollaboration, 2014).We reported heterogeneity using
a 95%prediction interval (PI) and I-squared (I2).We performed a
sensitivity (subgroup) analysis comparing daily MVPA between
children with mean age ≤ 9 vs. > 9 years. We chose the cutoff
age based on the reported decline in dailyMVPA after 9 years of
age in TDC boys (−8%) and girls (−10%) (Farooq et al. 2020).
We used pooled odds ratios (ORs) to estimate the odds of not
meeting the recommended daily MVPA in children with ASD
vs. TDC. We estimated publication bias visually by funnel plot
using Comprehensive Meta-Analysis version 3, and we used
Duval and Tweedie’s Trim and Fill test to estimate the adjusted
(or unbiased) pooled SMD and ORs.

Results

Search Results

The search produced a total of 1242 citations, and after re-
moving duplicates, 985 titles remained (Fig. 1). Of these, 970

studies were excluded as they did not meet the inclusion
criteria after the abstract screening, leaving 15 studies eligible
for full-text review. We excluded one study as it did not com-
pare children with ASD with TDC (Boddy et al. 2015), and
another study as it measured MVPA subjectively reported by
parents (Healy and Garcia 2019). We also excluded three
studies (Pan 2008a; Pan et al. 2011b, 2016) as they reported
previously published PA outcomes already included in the
meta-analysis (Pan 2008b; Pan et al. 2011a, 2015). Another
study was excluded as participants’ mean age was less than 6
years old (Thomas et al. 2019). Two studies had participants
younger than 6 years; however, they were included as their
participants’mean age was higher than 6 years (Bandini et al.
2013; Sandt and Frey 2005). We checked the included stud-
ies’ references for relevant studies, but no additional studies
were identified. In total, nine studies met the inclusion criteria
for the meta-analyses.

Characteristics of the Included Studies

Included studies were published between 2005 and 2019
from four countries, including the USA (Bandini et al.
2013; Sandt and Frey 2005; Stanish et al. 2017; Tyler
et al. 2014), Taiwan (Pan 2008b; Pan et al. 2011a,
2015), Sweden (Lobenius-Palmér et al. 2018), and Iran
(Moludi et al. 2019). The included studies’ sample size
ranged from 18 (Sandt and Frey 2005) to 825 (Lobenius-
Palmér et al. 2018). The percentage of girls with ASD
ranged from 4% (Pan 2008b) to 35% (Tyler et al. 2014)
in included studies, and three studies were conducted with
only boys (Pan et al. 2011a, 2015; Moludi et al. 2019).
Six included studies (Pan et al. 2011a, 2015; Bandini
et al. 2013; Tyler et al. 2014; Stanish et al. 2017;
Moludi et al. 2019) used validated tools for diagnosis of
ASD, including the Autism Diagnostic Observation
Schedule (ADOS), the Autistic Diagnostic Interview-
Revised (IDI-R), Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edit ion (DSM-IV), or
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR®). Two stud-
ies (Pan 2008b; Lobenius-Palmér et al. 2018) used medi-
cal records for diagnosis, and one study (Sandt and Frey
2005) did not describe the procedure for the determination
of ASD. Participants with autism, Asperger’s syndrome,
and PDD-NOS were included in two studies (Lobenius-
Palmér et al. 2018; Sandt and Frey 2005), whereas three
studies (Pan 2008b; Pan et al. 2011a, 2015) included par-
ticipants with autism and Asperger’s syndrome. Four
studies did not report the type of ASD in their participants
(Bandini et al. 2013; Moludi et al. 2019; Stanish et al.
2017; Tyler et al. 2014). The type of accelerometer,
time-sampling interval (epoch), and cutoff point varied
in the included studies (Table 2).
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Quality of Included Studies

The studies’ quality scores ranged from 5 (Sandt and Frey
2005) to 8 (Lobenius-Palmér et al. 2018; Pan et al. 2015;
Stanish et al. 2017; Tyler et al. 2014) out of 9 points
(Table 3). Included studies had either low (4 studies) and
moderate (5 studies) risk of bias.

Risk of Bias in Included Studies

Four included studies had a low risk of bias and five had a
moderate risk of bias (Table 3). All studies with a low risk
of bias also had a low risk of selection, comparability, and
outcome bias. Three studies with a moderate risk of bias
had either moderate comorbidity bias (Moludi et al. 2019;
Pan et al. 2011a) or outcome bias (Bandini et al. 2013).
Only one study had a high risk of selection bias (Sandt
and Frey 2005).

Daily MVPA

Children with ASD spent 30 min less daily time in MVPA
(MD = −30; 95% CI, −46 to −14, P < 0.001) (Fig. 2) when
compared to TDC (SMD = −0.6; 95% CI, −0.8 to −0.4, P <
0.001) (see Appendix, Fig 1). There was no evidence of het-
erogeneity (P = 0.47). The 95% PI was −0.8 to −0.3, indicat-
ing that the dispersion of effects about pooled SMDwas mod-
erate. I2 was 0, indicating that all of the variances in observed
effects were due to sampling error rather than the variance in
true effects. There was no evidence of publication bias as no
imputed studies were found in re-displayed funnel plots of
MVPA, and pooled SMD did not change (Fig. 3a). The sub-
group analysis of age indicated no difference in daily MVPA
between studies with participants’ mean age > 9 years (−33;
−51 to −14, P = 0.001) and studies with participants’ mean
age ≤ 9 years (−24; −54 to 6, P = 0.111) (P = 0.739).

The meta-analysis indicated that children with ASD had 4
times higher odds (OR = 4.0; 95% CI, 2.5 to 6.5, P <0.001) of

Fig. 1 The PRISMA flow
diagram (Liberati et al. 2009;
Moher et al. 2009) of the literature
search and article selection
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not meeting the recommended daily MVPA than TDC
(Fig. 4). No evidence of heterogeneity was exhibited (P =
0.425). The 95% PI was 1.8 to 8.8, indicating that the
dispersion of effects about pooled ORs was substantial;
however, children with ASD were less likely to meet rec-
ommended daily MVPA across all samples of included
studies. The I2 was 0. There was no evidence of publica-
tion bias and pooled ORs did not change (Fig. 3b).

MVPA During PE and Recess

Children with ASD spent a 12% lower percentage of time in
MVPA (MD = −12; 95% CI, −21 to −3) (Fig. 5a) during PE
when compared to TDC (SMD = −0.6; 95% CI, −1.1 to −0.1,
P= 0.01) (see Appendix, Fig. 2). The heterogeneity was mod-
erate among studies reporting MVPA in PE (P = 0.04). The
95% PI was −2.7 to 1.4, indicating substantial dispersion of

Fig. 3 Funnel plot of a daily
MVPA and b not meeting the
recommended daily MVPA (60
min) in children with ASD and
TDC

Fig. 2 Forest plot of MD of daily MVPA in children with ASD and TDC
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effects about pooled SMD. The I2 was 65%. There was no
evidence of publication bias and pooled SMD did not change
(see Appendix, Fig. 3a).

The meta-analysis indicated that children with ASD spent a
8% lower percentage of recess time inMVPA (MD= −8; 95%
CI, −12 to −3) (Fig. 5b) when compared to TDC (SMD =
−0.6; 95% CI, −0.9 to −0.2, P= 0.001) (see Appendix, Fig.
2a). There was no evidence of heterogeneity (P = 0.64). The
95% PI was −2.8 to 1.7, indicating substantial dispersion of
effects about the pooled SMD. However, I2 was 0, indicating
that variance in observed effects was due to sampling error
rather than the variance in true effects. There was no evidence
of publication bias and pooled SMD did not change
(see Appendix, Fig. 3b).

Discussion

The meta-analyses provided a more precise estimate of lower
daily and in school MVPA in children with ASD. Results
from the meta-analyses indicated that children with ASD

spent an average of 30 min less time in MVPA each day,
and had 4 times the odds of not meeting the MVPA recom-
mendation when compared to TDC. In school, children with
ASD spent about 12% and 8% lower percentage of time in
MVPA during PE and recess, respectively.

Thirty minutes lower daily MVPA in children with ASD is
concerning and clinically important as lower MVPA may ad-
versely affect development and overall health in children with
ASD. Physical activity, particularly MVPA, is important for
growth and development as well as an essential determinant of
physical, mental, cognitive, and social health in children
(Janssen and LeBlanc 2010; Poitras et al. 2016; Sterdt et al.
2014). Meeting only the MVPA recommendation, as a key
component of the 24-h movement guidelines, has been asso-
ciated with lower clustering of cardiometabolic risk (Skrede
et al. 2019) and related risk factors, including obesity and
adiposity (Marques et al. 2016; Roman-Viñas et al. 2016) in
children. The difference in daily time spent on MVPA be-
tween children with ASD and TDC is about half of the rec-
ommended daily MVPA (Bull et al. 2020; Tremblay et al.
2011). This difference may be associated with higher

Fig. 5 Forest plot of MD of %MVPA during a PE and b recess in children with ASD and TDC

Fig. 4 Forest plot of not meeting the recommended daily MVPA (60 min) in children with ASD and TDC
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overweight and obesity rates reported in children with ASD
(Broder-Fingert et al. 2014; Curtin et al. 2005; Egan et al.
2013; Matheson and Douglas 2017). In addition, lower daily
MVPA may be related to bone deficits in children with ASD
(Rostami Haji Abadi et al. 2021), as daily minutes of MVPA
has been positively associated with bone health in childhood
and adolescence (Bland et al. 2020; Kehrig et al. 2019).

Meta-analysis indicated that children spent 8–12% less
time in MVPA during recess and PE. School hours occupy a
considerable proportion of children’s waking hours, and both
children with ASD and TDC accumulate more MVPA during
than after school hours (Brooke et al. 2014; Pan and Frey
2006), including a higher percentage of time in MVPA during
PE and recess (Pan et al. 2015; Sandt and Frey 2005). These
differences may partly explain the lower daily MVPA in chil-
dren with ASD and highlight school activities’ importance in
children’s PA behavior.

Lower MVPA may be related to social interaction impair-
ment, motor skill difficulties, and physical barriers in children
with ASD (Bhat et al. 2011; Memari et al. 2017; Must et al.
2015; Pan et al. 2011b; Ruggeri et al. 2020). Social interaction
impairment is one of the core symptoms of ASD (World Health
Organization 2013). Lower MVPA has been associated with
social impairment in children with ASD (Memari et al. 2017;
Pan et al. 2011b). Although motor impairment is not a core
symptom of ASD, many children with ASD have difficulties
in motor skills that may limit their PA participation (Ruggeri
et al. 2020). Motor skills impairments may also negatively af-
fect participation in activities necessary for the development of
appropriate social and communication skills (Bhat et al. 2011).
In addition to these impairments, physical barriers (e.g., lack of
a peer partner, parental time, or equipment) may limit PA par-
ticipation in children with ASD (Obrusnikova and Cavalier
2011). Children with ASD reported more barriers for PA par-
ticipation than TDC, and the number of barriers correlated neg-
atively with time spent in PA (Must et al. 2015). There is a need
to create socially friendly environments to reduce barriers and
secure opportunities to encourage PA engagement in children
with ASD. For example, animal-assisted interventions have
improved social interaction in children with ASD (O’Haire
2013, 2017) and integration of therapy dog teams in a physical
activity program has been suggested for children with ASD
(Obrusnikova et al. 2012).

There are strengths and limitations in the meta-analyses
that warrant discussion. First, a strength of this meta-analysis
was the inclusion of studies reporting accelerometer-
monitored PA. Accelerometers provide an accurate, reliable,
and practical measure of PA in both children with disabilities,
including ASD (Kim and Yun 2009) and TDC (Rachele et al.
2012; Reilly et al. 2008; Rowlands 2007). Second, all of the
included studies, except one, had high quality scores (7 or 8
out of 9 scores) that indicated the limited risk of bias in the
included studies. Third, we used both PI and I2 for estimating

the heterogeneity to provide more detail about the dispersion
of SMD in the included studies (Borenstein 2019). Using only
the I2, as a common practice for reporting heterogeneity, is
deceptive because I2 is the percentage of the total dispersion
due to between-studies variance, but it does not provide any
information about the total dispersion (Borenstein 2019). PI
provides information about the total dispersion of the SMD in
the included studies (Borenstein 2019). Fourth, our age sensi-
tivity analysis suggested that the included studies with partic-
ipants’ mean age below or above 9 years did not affect the
daily MVPA meta-analysis consistency. Our meta-analyses
also have limitations. First, we chose to include one study
(Stanish et al. 2017) that reported adjusted (sex and age) daily
MVPA in our meta-analysis as the result did not change after
the exclusion of this study. Second, we were not able to ex-
amine the effect of the sex as none of the included studies
reported sex-specific results, however, low level of heteroge-
neity in daily MVPA meta-analysis, suggesting that the vari-
ability within samples of the included studies did not affect the
meta-analysis result. Third, a reliable estimate of heterogene-
ity needs a reasonably large number of studies; therefore, all
reported heterogeneity statistics in our meta-analyses should
be interpreted with caution. Fourth, because of the low num-
ber of included studies, the power for assessing publication
bias was low. In addition to these limitations, it is important to
consider that most studies reporting daily and in-school
MVPA were from the USA and Taiwan, which may limit
the generalizability of the results from this meta-analysis to
other countries due to heterogeneity in PA across the globe
(Hallal et al. 2012).

Conclusion

Our meta-analyses results indicated that children with ASD
spent an average of 30 min less daily in MVPA and had 4
times the odds of not meeting the daily recommended MVPA
compared to TDC. Children with ASD spent about 12% and
8% lower percentages of time inMVPA during PE and recess,
respectively. Tailored interventions to increase daily and in-
school MVPA in children with ASD are warranted.
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