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Abstract 

Adolescents with Autism Spectrum Disorder (ASD) face particular difficulties 
that impact their opportunities to participate in regular physical activities. Ac-
cording to the recent literature, exercise seems to have numerous benefits for 
students with ASD such as improvements in fundamental motor skills, bal-
ance and in physical fitness generally. The purpose of the present study was to 
investigate the efficacy of 6-months adapted aerobic program on motor per-
formance, Body Mass Index (BMI) and cognitive abilities in three adolescent 
boys with ASD. The study included two phases: baseline and post test. Motor 
performance of participants with ASD was evaluated with the Movement As-
sessment Battery for Children-Second Edition and cognitive abilities were as-
sessed with the Cognitive Assessment System. Participants were administered 
also anthropometric measures (weight, height, waist circumference). Results 
indicated that participation in the aerobic program can improve participants’ 
motor proficiency, body composition and cognitive abilities. Developing ex-
ercise intervention programs to improve motor proficiency, physical fitness 
and cognitive abilities of children and youth with ASD should be a priority by 
the community in order to increase their overall health-related physical fit-
ness. 
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1. Introduction 

Autism Spectrum Disorder (ASD) is a complex lifelong neurodevelopmental dis-
order typically characterized by deficits in socialization and communicative skills 
as well as restricted and repeated patterns of behavior (APA, 2013). However, 
recent evidence suggests that children with ASD experience motor coordination 
delays and deficits that contribute to atypical development of fundamental mo-
tor skills (Xavier, Gauthier, Cohen, Zahoui, Chetouani, Villa, Berthoz, & Anza-
lone, 2018). Motor deficits in children with ASD are characterized by difficulties 
in fundamental movement patterns, balance, postural stability, coordination defi-
cits and Developmental Coordination Disorder (Ferreira, Toscano, Rodrigues, 
Furtado, Barros, Wanderley, & Moreira Carvalho, 2018). 

Children with ASD tend to be overweight or obese than their peers without 
ASD (Broder-Fingert, Brazauskas, Lindgren, Iannuzzi, & Van Cleave, 2014). One 
study reported 43% of students with ASD were overweight. A highly prevalence 
of obesity in children and youths with disabilities might lead to serious health 
consequences such as cardiovascular disease and psychological issues (McMul-
len, 2014) due to decreased energy expenditure as result in decreased participa-
tion in physical activities, inappropriate eating habits and chronic diseases (Hinck-
son, Dickinson, Water, & Sands, 2013; Tyler, Schramm, Karafa, Tang, & Jain, 
2011). So it is of major important to increase participation in physical activities 
among children and adults with ASD. Body Mass Index (BMI) constitutes the 
most common indicator to classify obesity on children and adults. BMI can be 
defined as the ratio of the weight (in kilograms) to the square of the height (in 
meters squared) (kg/m2). 

A growing body of researchers takes an interest in investigating the positive 
effects of adapted physical exercise programs for students with Autism Spectrum 
Disorder over the last decades (Healy, Nacario, Braithwaite, & Hopper, 2018). 
Specifically, the main point of studies focuses on how is going to improve the 
impairments of the disorder through the participation of students with Autism 
Spectrum Disorder in exercise interventions (Rosenblatt, Gorantla, Torres, Yar-
mush, Rao, Park, Denninger, Benson, Fricchione, Bernstein, & Levine, 2011). On 
a wide-ranging educational curriculum of the Greek Ministry of Education for 
students with Autism Spectrum Disorders is referred that, “Students with Autism 
Spectrum Disorder is a neuro-developmental disorder characterized with a large 
heterogeneity on their motor skills and motor difficulties regarding the course of 
physical education” (Greek Ministry of Education and Religious Affairs, Insti-
tute of Educational Policy, 2003: p. 307). The effects of adapted physical activity 
programs have been studied in children and adolescents with ASD (Young & Fur-
gal, 2016). In one study it was evaluated the effect of 8-weeks structured training 
program of traditional dance on neuromuscular coordination of ten individuals 
with and without ASD (Arzoglou, Tsimaras, Kotsikas, Fotiadou, Sidiropoulou, 
Proios, & Bassa, 2013) with the Korperkoordinationstest fur Kinder (KTK) (Ki-
phard & Schilling, 2007). Researchers found that not only is a systematic and 
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well-designed Greek traditional dance training program beneficial for individu-
als with ASD but also be able to improve their neuromuscular coordination. An 
interesting 3-months yogic intervention was applied for children and adolescents 
with ASD. Participants were familiar with yogic practices including OM Chant-
ing, Asanas and Pranayama (Deorari & Bhardwaj, 2014). Researchers concluded 
that continuous practice of yoga may significantly improve the autism-specific 
behavior difficulties in children with ASD. Similar results found Sequeira and 
Ahmed study (Sequeira & Ahmed, 2012) about meditation as a potential therapy 
for children with ASD. Researchers conducted a review about mantra meditation 
and suggested that might be a useful intervention for children with ASD between 
3 and 14 years of age to improve stereotypes, social and communicational defi-
ciencies. 

Jogging and water intervention programs are the most common aerobic activ-
ities studied in children with ASD. Water activities have been found to improve 
inappropriate behavior and motor difficulties in children with ASD (Dartt, 2015; 
Yanardag, Erkan, Yılmaz, Arıcan, & Düzkantar, 2015). Yilmaz, Yanardag, Birkan 
and Bumin (2004) found that swimming training had positive affections on child’s 
physical fitness (balance, cardiorespiratory endurance, flexibility, agility and pow-
er) as well as stereotypic behaviors such as spinning, swinging and echolalia. Simi-
lar results found in Fragala-Pinkham and Haley study (2011). In their pilot study 
assessed the effect of 14-weeks aquatic exercise program on physical fitness of 
children with ASD, 6 - 12 years old. It was found that participants on the inter-
vention program exhibited better swimming skills, improved attention on home-
work, better social skills and nonverbal communication behavior. Another study 
reported that an aquatic program could improve significantly the aquatic skills of 
students with ASD, aged 7 - 12 years old, as well as their physical fitness (BMI). 
The active and regular participation in structured physical activities has signifi-
cant effects in better quality of life in people with disabilities (Pan, 2011). 

Purpose of the Study 

Since one of the core defining characteristics of the disorder is issues in social 
interaction and communication most of the intervention programs are targeted 
on this domain and physical activity intervention is often overlooked in students 
with ASD. However, in recent studies is mentioned that perceptual-motor diffi-
culties might not be one of the core characteristics of the disorder but are present 
in children with ASD and affect their everyday activities and lifestyle (Gowen & 
Hamilton, 2013). From the review of the literature, the majority of studies are 
focused primarily on social and cognitive deficits and there are no adequate re-
sults about the efficacy of an intervention exercise program on population with 
ASD. According to the recent research results, there is a close interrelationship 
between motor performance and cognitive abilities in children with atypical de-
velopment (Alesi, Battaglia, Roccella, Testa, Palma, & Pepi, 2014). The aim of 
the present study was to evaluate the effects of an adapted aerobic program on 
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motor proficiency, cognitive abilities and weight outcomes of three adolescent boys 
with Autism Spectrum Disorder. It was hypothesized that: 
 The 6-months intervention aerobic program would improve motor proficiency 

and body composition of students with ASD.  
 The 6-months intervention aerobic program would have significant effect on 

cognitive abilities of students with ASD of students with ASD. 

2. Method 
2.1. Participants 

Three adolescent boys with Autism Spectrum Disorder and aged between 13 - 15 
years old (Mean Age = 14.4) participated in the present study. The inclusion cri-
teria were: 1) to be diagnosed with ASD by the public diagnostic center of Greece 
at the age of 32 months, 2) to be medically able to participate in aerobic training, 
3) participants should not have surgeries during the last twelve months and 4) to 
have signed informed consent from their caregivers. During the present study, 
participants attended a special education class in a public primary school in North-
ern Greece. 

At the beginning on the intervention program were accomplished anthropo-
metric measures (weight, height and waist circumference measurements). Partici-
pants were weighed and measured in light clothing without shoes using a SecaTM 
803 portable digital flat scale and measured using a 200 cm wall mounted height 
meter stadiometer. Finally, a measuring tape was used for the waist circumfe-
rence measurement. Body Mass Index (BMI, kg/m2) was calculated for the par-
ticipants from measures of height and weight. Underweight, normal weight, over-
weight and obesity were defined according to the gender and age-specific Body 
Mass Index (BMI) cut-off points by the International Obesity Task Force (IOTF) 
recommendations, using international references values based on data from six 
countries (Cole, Bellizzi, Flegal, & Dietz, 2000). 

2.2. Instruments 
2.2.1. Movement Assessment Battery for Children-2 (MABC-2) 
Motor performance of student with ASD was evaluated with the Movement As-
sessment Battery for Children-Second Edition (MABC-2) (Henderson, Sugden, 
& Barnett, 2007). MABC-2 is a validated, norm-referenced test and one of the 
most widely used assessment tools for the screening, identification and descrip-
tion of impairments in children’s motor functioning and planning intervention 
programs. MABC-2 measures both fine and gross motor competence skills in 
three age bands (3:00 to 6:11 years, 7:00 to 10:11 years, and 11:00 to 16:11 years). 
In the present study were used motor skills from the third age band (11:00 to 
16:11 years). It is an individually administered test that takes between 20' to 40' 
minutes to complete. It involves a total of eight tasks in three subscales consist-
ing of manual dexterity, aiming and catching, and balance. Scoring is based on 
quantitative measures such as the number of successful trials and the length of 
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time taken to complete a task. For each subscale, raw scores are converted to age- 
specific standard scores. Standard scores for each subscale are summed and con-
verted to an age-specific standard and percentile score for total performance on 
the MABC-2. A “traffic light system” is developed for the classification of motor 
performance. For example, scores at or below 5th percentile (red zone) indicates 
significant movement difficulty, 6th-15th percentile (amber zone) falls in the “at 
risk” of having a movement difficulty; and above 15th percentile (green zone) 
indicates no movement difficulty detected (Henderson, Sugden, Barnett, Brown, 
& Lalor, 2009). 

2.2.2. Cognitive Assessment System (CAS) 
Cognitive abilities of students with ASD were evaluated with Cognitive Assess-
ment System (Naglieri & Das, 1997) which is derived from the PASS theory (Plan-
ning, Attention, Simultaneous, Successive). CAS is a validated, norm-referenced 
test that assesses the students’ cognitive abilities in two age bands (5:00 to 7:11 
years old and 8:00 to 17:11 years old). In the present study were used tasks from 
the second age band (8:00 to 17:11 years). It is an individually administered 
test that takes between 45' to 60' minutes to complete. CAS involves tasks that 
grouped in four cognitive scales: 1) Planning scale (3 subtests), 2) Attention scale 
(3 subtests), 3) Simultaneous Coding scale (3 subtests) and 4) Successive scale (3 
subtests). For the purpose of the current study the two cognitive scales 1) Plan-
ning scale and 2) Attention scale of the standard battery of CAS were used. Lower 
standard scores indicate learning difficulties. These two cognitive abilities are 
relevant with specific areas of academic performance (reading comprehension, 
spelling and mathematics (Kroesbergen, Van Luit, Naglieri, Taddei, & Franchi, 
2010). 

2.3. Design and Procedure 

The present study used three single-subject design cases with three adolescent boys 
diagnosed with Autism Spectrum Disorder. Measurements took place in the school 
setting during the school year 2020-2021 (October 2020-March 2021). Study 
adopted the pre and post intervention design. Specifically, all outcome measures 
were collected twice: 1) Phase 1 (before the intervention) and 2) Phase 2 (at the 
end of intervention), in which were measured the participants’ anthropometric 
measurements (weight, height and waist circumference), motor performance 
and cognitive abilities. The students’ parents provided written approval for all re-
search procedures. 

2.4. Intervention 

The intervention program included moderate to vigorous aerobic exercise on a 
treadmill. The exercise intervention occurred three times per week and lasted for 
six months. Each session lasted 35 minutes and included treadmill jogging/run- 
ning (20 min.), jumping on a trampoline (10 jumps) and gentle seated stretching 
(10 min.). After the aerobic program, a fruit and a cup of water were given to the 
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participants. During each exercise session, participants were verbally reinforced 
(e.g., “keep going”, “well done”). The exercise sessions took place at the begging 
of school curriculum. After the intervention program participants came back to 
their classroom activities. 

2.5. Statistical Analysis 

Descriptive statistics (mean and standard deviation) were calculated. A One- 
Way repeated measured Analysis of Variance (ANOVA) was conducted to eva-
luate the participants’ pre- and post-training measurements in motor perfor-
mance, on BMI and on cognitive abilities of students with ASD. Statistical analy-
sis of the data was performed using Statistical Package for Social Sciences (SPSS) 
(version 25.0) (Norusis, 2012). A statistical significance p-value threshold was set 
at <0.05. 

2.6. Results 

Means and Standard Deviations for all anthropometric characteristics and other 
participants’ descriptive characteristics (weight, BMI, waist circumference, mo-
tor skills and cognitive abilities) are presented in Table 1. According to the re-
sults the mean anthropometric characteristics for the three students with ASD 
reflect positive improvements at post-tests (after intervention aerobic program). 

2.6.1. Motor Performance 
Motor performance of students with ASD was assessed with Movement Assess-
ment Battery for Children-2 (MABC-2). At Phase 1 (before the intervention) the 
motor performance of the two students with ASD was classified in “amber zone” 
and the other student’s motor performance was classified in “red zone”, accord-
ing to the MABC-2 “Traffic Light” system, which denotes “at risk” of having a 
movement difficulty and significant movement difficulties, accordingly. 
 
Table 1. Descriptive characteristics of the participants’ pre and post-intervention aerobic 
program. 

Variables 
Students with ASD (N = 3 Case Reports) 

Pre Post (6 months) 

Weight (Kg) 79.3 ± (7.09) 75.63 ± (7.69) 

Body Mass Index (BMI) 29.02 ± (1.25) 27.64 ± (1.25) 

Waist Circumference 101 ± (8.54) 97.33 ± (9.01) 

Manual Dexterity 8.67 ± (.58) 16.00 ± (2.65) 

Aiming & Catching 7.33 ± (2.08) 15.00 ± (1.01) 

Balance (static & dynamic) 8.00 ± (6.08) 17.33 ± (2.08) 

Planning 85 ± (17.57) 131 ± (2.00) 

Attention 94.33 ± (20.31) 120.33 ± (5.03) 
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Statistical criteria of One-Way repeated measured Analysis of Variance (ANO- 
VA) was carried out in order to investigate whether there was any statistically sig-
nificant effect of three participants’ motor performance, when measured before 
and after participation in aerobic program. According to the results of the ANO- 
VA repeated measured indicated a significant time effect on total score of MABC- 
2 test (Wilks’ Lambda = 0.016, F(2, 1) = 121.00, p < 0.01, h2 = 0.98) and on 
subscales “Aiming and Catching” (Wilks’ Lambda = 0.073, F(2, 1) = 25.47, p < 
0.05, h2 = 0.92) and “Balance” (Wilks’ Lambda = 0.047, F(2, 1) = 40.69, p < 0.05, 
h2 = 0.95) of the MABC-2 test. There was not a significant time effect on Manual 
Dexterity subscale (Wilks’ Lambda = 0.198, F(2, 1) = 8.08, p = 0.105, h2 = 0.80) 
(Figure 1). According to the results, there was a statistical significant increase in 
scores over time on subscales “Aiming and Catching” and “Balance”, suggesting 
that participation in the aerobic program can improve participants’ motor profi-
ciency. 

2.6.2. Cognitive Abilities 
Cognitive abilities (planning and attention) of students with ASD were assessed 
with Cognitive Assessment System (CAS). Statistical criteria of One-Way repeated 
measured Analysis of Variance (ANOVA) was carried out in order to investigate 
whether there was any statistically significant effect of three participants’ executive 
functions, when measured before and after participation in aerobic program. Ac-
cording to the results of the ANOVA repeated measured indicated a significant 
time effect on Planning scale (Wilks’ Lambda = 0.087, F(2, 1) = 21.09, p < 0.05, h2 
= 0.91). There was not a significant time effect on Attention scale (Wilks’ Lambda 
= 0.303, F(2, 1) = 4.59, p = 0.165, h2 = 0.69) (Figure 2). 

2.7. Discussion 

The aim of the present study was to investigate the efficacy of an adapted aerobic 
program on gross and fine motor skills, body composition and cognitive abilities 
in three adolescent boys with Autism Spectrum Disorders (ASD). Results showed 
that the applied 6-months aerobic training program was effective to enhance  
 

 

Figure 1. Effect of aerobic program in three students’ with ASD motor performance. 
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Figure 2. Effect of aerobic program in three students’ with ASD cognitive abilities. 
 
visual-motor coordination skills, object control skills, balance skills and the cog-
nitive ability of planning in students with ASD. Also, it was found that the aero-
bic program had significant effect on weight outcomes (BMI and waist Circum-
ference) of adolescents with ASD. This is coherent with previous studies sug-
gesting that exercise interventions could have a beneficial effect not only on the 
motor proficiency and cognitive abilities but also on physical health and fitness 
in students with ASD (Battaglia, Agrò, Cataldo, Palma, & Alesi, 2019).  

Our first hypothesis was that adapted aerobic training program would improve 
motor performance and body composition of students with ASD and this hypo-
thesis was partially confirmed. More specifically, students with ASD improved in 
two of three subscales of MABC-2 test: “Aiming & Catching” such as catching 
and throwing a ball with one hand, throwing a ball at wall target and “Balance” 
such as two-board balance, walking toe-to-heel backwards, zig-zag hopping. In 
the current study the three students with ASD were classified as overweight ac-
cording to the BMI cut-off points. According to weight outcomes it was found a 
significant reduction on waist circumference as well as on BMI of participants. 
The present results are in agreement with previous research as reported signifi-
cant improvements in a range of fine and gross motor skills, locomotor activities, 
balance skills and body combination (Sowa & Meulenbroek, 2012; Lang, Kern- 
Koegel, Ashbaugh, Regester, Ence, & Smith, 2010). Shahrasfenghar, Arabameri, 
Daneshfar, Ghasemi and Kashi (2019) investigated the efficacy of aerobic exer-
cise on motor skills and body composition in children with ASD. The interven-
tion lasted for 12 sessions of 90 minutes each one. According to the results, aerobic 
exercise program improved significantly the participants’ motor proficiency and 
body composition. Researchers concluded that aerobic exercise can be used as a 
useful non-pharmacological intervention in order to improve the motor skills and 
the weight outcomes of children with ASD. Another study showed that a 9-months 
walking intervention program increased physical strength and reduced BMI in 
ten adolescents with ASD (Pitetti, Rendoff, Grover, & Beets, 2007). Brand, Jos-
sen, Holsboer-Trachsler, Pühs and Gerber (2015) investigated the impact of aero-
bic exercise training on motor performance in ten children with ASD (mean age: 
10 years). The aerobic intervention program lasted for three consecutive weeks 
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and the training frequency included 60-minute sessions for three sessions per 
week. Each training session consisted of a 30-minute bicycle workout and 30- 
minutes of training in balance skills. It was found significant improvement on 
participants’ motor skills, especially on ball playing such as catching a ball and 
throwing a ball with one or with two hands and balancing such as standing on 
one leg, forward, jumping zigzag, balancing on a beam.  

According to Case and Yun (2019), exercise interventions have a large effect 
on gross motor skills among children with ASD. Specifically, the frequency of 
interventions plays an important role. Exercise interventions that were less than 
total 16 hours hadn’t had the expected improvement among the participants 
with ASD. Colombo-Dougovito and Block (2019) reported that exercise inter-
ventions not only can help improve motor proficiency but also can increase the 
participation in physical activities for children and adolescents with ASD. Cec-
carelli, Ferrante, Gazzola, Marzocchi, Nobile, Molteni and Crippa (2020) hig-
hlighted that motor skills training programs are of major importance and should 
be integrated in rehabilitation programs for children with ASD because of the 
well-documented existence of motor impairments in children with ASD. The pos-
itive effects of adapted exercise programs on children with ASD will be effective 
in increasing their overall quality of life (Akın & Alp, 2019). 

Our second hypothesis was that the 6-months intervention aerobic program 
would have significant effect on cognitive abilities of students with ASD and this 
hypothesis was partially confirmed as participants improved in one of two as-
sessed cognitive scales. More specifically, according to the results it was found a 
significant time effect on Planning scale of CAS cognitive test. Planning is a fun-
damental cognitive process that can be defined as ability to “think about the fu-
ture”. It is about a strategy in which be involved a sequence of thoughts and ac-
tions in order to be achieved a specified goal (Hill, 2004). Planning as a complex 
cognitive ability enables people to adopt their behavior. People with ASD en-
counter planning deficits in everyday activities that encounter difficulties on so-
cial engagement and coping with unexpected facts (Olde Dubbelink, & Geurts, 
2017; Brunsdon, Colvert, Ames, Garnett, Gillan, Hallet, & Happé, 2015). Cogni-
tive deficits leads to lower academic performance in children with ASD as they 
are connected with attention difficulties, intellectual disabilities, repetitive and 
restricted behaviors, poor orientation skills as well as poor eye-contact. These 
skills have a negative effect on social integration and participation in physical ac-
tivities (Srinivasan, Pescatello, & Bhat, 2014). Oriel, George, Peckus and Semon 
(2011) evaluated the efficacy of an aerobic exercise program in youth children (3 
- 6 years old) with ASD on academic engagement. Students performed 15 min 
jogging or jumping on a trampoline for 10 weeks and afterwards were attended 
in their classroom activities. It was found that participants exhibit decreased ste-
reotypic behaviors and improved academic responding. Ringenbach, Lichtsinn 
and Holzapfel (2015) investigated the efficacy of Assisted Cycling Therapy (ACT) 
on cognitive and motor functioning in ten adolescents with ASD. Exercise in-
tervention with bicycle improved significantly participants’ inhibition and plan-
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ning cognitive abilities as well as exercise perception. 

2.8. Conclusion 

Participation in physical exercise has shown many benefits on symptomatology 
and on the reduction of comorbidities in students with Autism Spectrum Dis-
order. It is not only the child’s physical well-being that is important, but also the 
psychological and social well-being, as well as reduction of autism-specific diffi-
culties in children and adolescents with ASD (Srinivasan, Pescatello, & Bhat, 2014). 
According to Bremer, Crozier and Lloyd’s study (Bremer, Crozier, & Lloyd, 2016) 
exercise can reduce stereotypic behaviors and improve social-emotional function-
ing in children and youth with ASD. The health outcomes of exercise are beyond 
dispute. Physical activity is undoubtedly important for the emotional and physi-
cal health as well as cognitive abilities (Bidzan-Bluma & Lipowska, 2018). Re-
search results highlight the intercorrelated link between motor performance and 
cognitive development during childhood (Rakison & Woodward, 2008; Sommer-
ville & Decety, 2006). Students with ASD exhibited improved cognitive, social and 
behavioral skills after performing aerobic exercises (Neely, Rispoli, Gerow, & Nin-
ci, 2015). Physical activity can also improve cognitive development in overweight 
children (Best, 2010; Davis, Tomporowski, McDowell, Austin, Miller, Yanasak, 
Allison, & Naglieri, 2011). 

2.9. Recommendations 

The regular and active participation in physical activities has a positive impact 
on everyday life activities and independence of people with Autism Spectrum 
disorder. Developing exercise intervention programs to improve motor profi-
ciency, physical fitness and cognitive abilities of children and youth with ASD 
should be a priority by the community. Improvements on fundamental motor skills 
may lead to increased participation in physical activities among people with ASD. 
This contributes to increased social and communicative skills, improved physical 
fitness and better health outcomes (Henderson, Noren, Williams, Fuller, & Mor-
tensen-Stout, 2016). Exercise programs should be planned on participants’ with 
ASD individual needs on a daily and structured basis. Interventions should be 
encounter the high levels of obesity among children and adults with ASD in or-
der to involve the appropriate dietary changes as the ultimate aim is to improve 
their overall health-related physical fitness (Pan, Tsai, Chu, Sung, Ma, & Huang, 
2016). 
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