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Objective: This study aims to explore the effects of a 12-week Ball Combination Training Program (BCTP) on the physical fitness and Body Mass Index (BMI) of children with Autism Spectrum Disorder (ASD).



Methods: This study employed a 2 × 2 mixed experimental design. A total of 29 children diagnosed with ASD were included (mean age = 7.60 ± 2.81). The 29 participants were randomly assigned to either the BCTP group (n = 15) or the control group (n = 14). The BCTP group underwent 12 weeks of ball combination exercise training (5 times per week, 45 min per session) in addition to their regular rehabilitation therapy, while the control group continued their usual rehabilitation therapy and daily activities. BMI and physical fitness tests were conducted before and after the 12-week intervention.



Results: The 12-week BCTP prevented increase in BMI (p < 0.05), which increased in the control group. Children in the BCTP group also showed improvements in physical fitness, which was measured using the 2 × 10-meter shuttle run, sit-and-reach, and tennis ball throw (p < 0.05), while no such improvements were seen in the control group.



Conclusion: The 12-week BCTP prevented an increase in BMI and improved the physical fitness of children with ASD in terms of speed, agility, flexibility, and upper body strength. Therefore, we recommend incorporating ball combination exercises into the physical rehabilitation of children with ASD to improve overall physical health and fitness.
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that negatively impacts an individual's social interaction, communication, and behavior patterns. Its symptoms typically appear before the age of three and persist throughout life (1, 2). According to data from the Centers for Disease Control and Prevention (CDC) in 2020, the prevalence of ASD continues to rise yearly, and affects as many as 1 in 36 children by the age of eight (3). The increasing prevalence of ASD has become a significant public health issue worldwide.

Research on the physical and mental health development of children with ASD has become a prominent topic, especially experiencing reduced physical fitness and increased Body Mass Index (BMI). Studies have shown that children with ASD often exhibit significant deficiencies in motor skills, physical coordination, and levels of physical activity (4, 5). Due to social impairments, language issues, and restricted behavioral patterns, children with ASD often lack interaction and physical activity with peers, which can delayed development of physical fitness. The lack of physical fitness further exacerbates their social deficits (6). Compared to neurotypically developing children, children with ASD exhibit decreased physical activity due to their sedentary behavior, social impairments, heightened sensitivity to environmental changes, and limited interests (7, 8). Significantly impairing their weight management and physical development. Reports indicate that children with ASD are at a much higher risk of obesity compared to their peers (9), with a risk approximately 30% higher than typically developing children and 50% higher than children with other developmental disabilities or physical impairments (10, 11). Excessive weight gain will increase the risk of obesity-related diseases typically occurring in adulthood, such as diabetes and cardiovascular diseases (12). Therefore, there is an urgent need to develop strategies for improving the physical fitness of children with ASD to reducing the risk of developing obesity and preventing its associated health complications.

The introduction of sports as a rehabilitation modality has become increasingly applied in the care of children with ASD population due to its advantage of low cost, ease of implementation, and absence of side effects. For example, exercise programs such as learning motor skills (i.e., running, jumping, kicking), dance, and power cycling have been beneficial (13–15). Sports programs that use balls as the medium of activity demonstrate unique advantages, showing more significant effects in improving physical fitness-related indicators (16–18). However, most current research tends to focus on a single type of activity, controlling for unrelated variables to explore its impact on children with ASD (19). This is challenging, due to limited interests of children with ASD who may struggle to maintain interest in a single activity and often switch focus quickly (20). Thus, single-sport programs can suffer from difficulty sustaining interest and low engagement, which ultimately diminishes the effectiveness of exercise in improving the physical condition of children with ASD (21).

A more targeted intervention approach is needed particularly as each sport involves specialized movements that can yield different physical benefits. For example, single-leg dribbling exercises in soccer can effectively improve balance and lower body strength (22), while dribbling and shooting techniques in Mini-Basketball Training Program (MBTP) focus more on the development of upper body strength and speed (16). We hypothesized that combining mini-basketball and soccer into a Ball Combination Training Program (BCTP) may provide greater benefit than either sport alone.

To the best of our knowledge, most existing studies have primarily focused on the core symptoms of ASD (i.e., social impairments and repetitive behaviors). Moreover, no study has yet explored the use of a ball combination approach for the physical rehabilitation of ASD. Therefore, this study aims to investigate the effectiveness of a 12-week BCTP intervention in improving physical fitness and limiting BMI in children with ASD. This study proposes two hypotheses: (1) BCTP can effectively reduce the BMI of children with ASD. (2) BCTP can effectively improve the physical fitness of children with ASD.



Methods


Study design

This study employed a 2 × 2 mixed experimental design, with two groups (experimental and control) as the between-subjects factor and time (baseline and post-test) as the within-subjects factor. Eligible children were assigned to either the BCTP group or the control group. Before the intervention began, detailed demographic data for each child were collected. Additionally, parent-reported data on the CSHQ, CEBQ, and physical fitness test results assessed by the evaluators were gathered.



Ethics

This study was approved by the Ethics and Human Protection Committee of the Affiliated Hospital of Yangzhou University and registered with the Chinese Clinical Trial Registry (ChiCTR2400087262). Informed consent was obtained from the parents or guardians of all participants. The study adhered to the ethical standards outlined in the Declaration of Helsinki.



Participants

A total of 79 children from a child development center in Yangzhou expressed a willingness to participate. Participants were excluded if they met any of the following criteria: (1) participation in basketball training, soccer training, or regular physical exercise within the past 6 months; (2) the presence of comorbid psychiatric disorders; (3) complex neurological disorders (e.g., epilepsy, phenylketonuria, fragile X syndrome, tuberous sclerosis); (4) visual or auditory impairments; (5) a history of head injury; (6) any other health conditions that may limit participation in the exercise intervention. After screening, a total of 40 children with ASD took part in the experiment which included 19 children assigned to the BCTP group and 21 children assigned to the control group. In the experimental group, two children were excluded due to extended leave of absence, one dropped out because of family financial issues, and one transferred to another school due to parental job relocation. In the control group, four children lost contact after moving with their parents to other locations, two participated in other treatments due to illness, and one left due to financial difficulties. Ultimately, 29 children completed the entire study, with 11 children lost to follow-up (Figure 1).


[image: Flowchart depicting a study with 79 assessed for eligibility, resulting in 40 eligible participants. Nineteen were allocated to BCTP, with four lost to follow-up, and 15 remained for final analysis. Twenty-one were allocated to the control group, with seven lost to follow-up, and 14 remained for final analysis.]
FIGURE 1
Flow diagram of study participants. *11 children did not complete the post-test assessment.


Given the significant attrition rate, we used G*Power software to calculate the sample size to prevent potential impacts on the subsequent statistical analyses (23). Te parameter settings for this calculation were as follows: statistical test = ANOVA for repeated measures, within-between interaction; effect size f = 0.30; statistical power = 0.80; significance level (α err prob) = 0.05; correlation among repeated measures = 0.5; and number of groups = 2; number of measurements = 2. The results indicated that 12 participants in each group, for a total of 24, would meet the requirements for statistical analysis. Therefore, the number of participants included in this study satisfies the statistical analysis criteria.



Intervention program

All participants received regular rehabilitation treatment at the institution (ABA, TEACH, Floor Time, RDI), with the experimental group also receiving BCTP 5 times a week in 45 min sessions, for a total of 12 weeks. The details of the single-session intervention program are provided in Supplementary Appendix 1. The training content was implemented in three phases and the full training details for the BCTP group is outlined in Supplementary Appendix 2. The exercise intensity was moderate (16) and monitored using a POLAR M430 heart rate monitor to maintain the children's average heart rate between 128 and 148 beats per minute. The overall intervention program is shown in Figure 2.


[image: Diagram of a 12-week exercise program for children with ASD, emphasizing moderate intensity workouts. Includes a classroom routine, basic ball sports, and cooldown for forty-five minutes daily over five days a week. Baseline measurements include age, height, weight, CARS, CEBQ, BMI, and physical fitness. The program is divided into three phases: one week, nine weeks, and two weeks. Post-test assesses BMI and physical fitness. Objective is to study the effects on physical fitness and BMI in children with ASD.]
FIGURE 2
The 12-week BCTP intervention program.


The entire intervention program was conducted by two professional physical education teachers, with at least one parent accompanying each participant throughout the sessions. To ensure the course progress and intervention effectiveness, attendance was monitored, with a continuous absence not exceeding three days and a cumulative total of no more than seven days. The results from the 12-week assessment showed that during the intervention, the experimental group's average heart rate was 136.21 ± 6.19 beats per minute, maintaining a moderate intensity. In addition, The intervention also included healthcare provider visits every two weeks.



Evaluation procedures


Body mass index (BMI)

Height and weight were measured using a calibrated standard health measuring instrument, the TM Professional 499KL Waist High Digital Scale with Height Rod (24). Height was measured with an accuracy of 0.1 cm and weight was measured with an accuracy of 0.1 kg. BMI was calculated by dividing weight (kg) by height (m) squared (kg/m2). For children, age-specific BMI percentiles were determined using on age-specific BMI growth charts (25). Children with a BMI percentile ≥85 were considered overweight, and those with a BMI percentile ≥95 were considered obese.



Physical fitness

Children's physical fitness was assessed using the Chinese Physical Fitness Handbook (26), which includes several evaluation items. These items involved anthropometric assessments (height and weight measurements), as well as physical fitness tests such as the 2 × 10-meter shuttle run to test speed and agility, the tennis ball throw to assess upper body strength, standing long jump to evaluate lower body strength, and the sit-and-reach test to measure flexibility. All participants were tested by professional assessors from the Autism Research Institute.



Fitness test descriptions

Shuttle Run: The testing area had two parallel lines drawn on the ground, spaced 10 meters apart. The participants were required to cross each line as quickly as possible using both feet. This test was performed twice, covering a total distance of 20 meters (2 × 10 meters), and the best result from the two attempts was used for further analysis.

Tennis Ball Throw: The participant stood behind a designated white line and performed the test using their dominant hand. With the arm extended upward and the elbow slightly bent, the participant threw the ball forcefully, using only upper body strength, while keeping their body straight. The test was repeated three times and the best throw (in cm) was used for analysis.

Standing Long Jump: The participant stood behind the take-off line, jumped as far forward as possible, and the distance from the take-off line to the heel of the foot closest to the line landing on the mat was measured. The test was repeated three times, with the best result (in cm) recorded for further analysis.

Sit-and-Reach: The participant sat on the floor with the assessor keeping their legs straight while the participant bent forward as far as possible, attempting to reach as far as they could. A bench with a measurement scale was placed in front of the participant, and their hands were placed on the bench. The maximum reach distance was measured. The best of two attempts was recorded for analysis (cm).




Control of confounding variables

Demographic data (age, gender, weight, and height) were collected at baseline for all participants. The Childhood Autism Rating Scale (CARS), a standard method for evaluating the extent of ASD, was used to assess the severity of autism (27). It is known that dietary behaviors and sleep problems can also affect a child's weight and activity level (28). To ensure homogeneity among participants, dietary behaviors and sleep issues were analyzed as confounding variables. Dietary behaviors were assessed using the Children's Eating Behavior Questionnaire (CEBQ) (29), a parent-reported questionnaire. Sleep patterns were assessed using the Children's Sleep Habits Questionnaire (CSHQ) (30), a widely used tool for evaluating sleep issues in preschool-aged children with ASD that has shown high consistency (31).



Statistical analysis

Independent samples t-tests and chi-square tests were first conducted using Jamovi 1.0.7.0 statistical software to assess homogeneity between the BCTP group and the control group based on demographic data (age, gender, and BMI), as well as the CARS, CSHQ, and CEBQ scores. If differences in these variables were found, they were included as covariates in subsequent analyses. A repeated measures analysis of variance (ANOVA) was then conducted to examine the effects of the 12-week exercise intervention on BMI and physical fitness in children with ASD. Partial eta-squared (ηp2) was used to indicate the effect size. In cases of significant time × group interactions, follow-up simple effects analyses were performed. A p-value of <0.05 was considered statistically significant.




Results

Chi-square tests showed no significant differences between the two groups in terms of gender (χ2 = 1.01, p > 0.05), age [t(27) = −1.493, p > 0.05], severity of autism (CARS) [t(27) = 0.054, p > 0.05], sleep habits (CSHQ) [t(27) = −0.086, p > 0.05], or dietary behaviors (CEBQ) [t(27) = −0.449, p > 0.05]. However, there were significant differences in height [t(27) = −3.074, p < 0.05] and weight [t(27) = −2.167, p < 0.05]. Therefore, height and weight were treated as covariates in the subsequent statistical analysis (Table 1). The mean and standard deviation of BMI and physical fitness scores for all children are shown in Table 2.



TABLE 1 Descriptive statistics of demographic variables and confounding variables in children with autism (M ± SD).



	Variable
	Control Group
	BCTP Group
	P





	N
	14
	15
	–



	Gender (boys/girls)
	13/1
	12/3
	0.333



	Age (years)
	8.70 ± 2.91
	6.87 ± 2.59
	0.147



	Height (cm)
	135.87 ± 12.22
	121.33 ± 21.37
	0.005*



	Weight (kg)
	32.79 ± 8.81
	25.77 ± 8.63
	0.039*



	CARS
	36.25 ± 7.28
	36.13 ± 6.37
	0.957



	CSHQ
	52.86 ± 9.53
	52.60 ± 6.32
	0.932



	CEBQ
	54.29 ± 13.45
	52.20 ± 11.51
	0.657




	*p < 0.05.


	CARS, childhood autism rating scale; CSHQ, children’s sleep habits questionnaire; CEBQ, child eating behavior questionnaire.









TABLE 2 Descriptive statistics of BMI and physical fitness (M ± SD).



	Variable
	Control Group (n = 14)
	BCTP Group (n = 15)



	Pretest
	Posttest
	Pretest
	Posttest





	BMI
	17.67 ± 3.86
	18.45 ± 3.61
	17.14 ± 2.56
	16.64 ± 2.48



	2 × 10 m shuttle run
	9.41 ± 1.74
	10.32 ± 3.96
	10.86 ± 2.21
	8.76 ± 1.72



	Sit-and-Reach
	15.21 ± 7.30
	14.18 ± 8.84
	22.44 ± 8.90
	25.87 ± 7.73



	Tennis Ball Throw
	417.86 ± 156.75
	403.79 ± 161.48
	316.00 ± 172.74
	387.33 ± 213.98



	Standing Long Jump
	67.29 ± 34.06
	61.64 ± 35.64
	46.80 ± 36.84
	63.40 ± 41.04







The analysis results of BMI and the four dimensions of physical fitness are shown in Figure 3. The study found significant time × group interaction effects on BMI [F(1, 25) = 5.390, p < 0.05, ηp2 = 0.177], 2 × 10-meter shuttle run [F(1, 25) = 7.725, p < 0.05, ηp2 = 0.236], sit-and-reach [F(1, 25) = 5.524, p < 0.05, ηp2 = 0.181], and tennis ball throw [F(1, 25) = 4.573, p < 0.05, ηp2 = 0.155]. Further simple effects analysis showed no statistically significant differences between the baseline scores of BMI, 2 × 10-meter shuttle run, sit-and-reach, and tennis ball throw in the BCTP and control groups. The BCTP group showed significant improvements in the 2 × 10-meter shuttle run, sit-and-reach, and tennis ball throw (p < 0.05). In contrast, the post-test BMI in the control group was significantly higher than the baseline (p < 0.05), suggesting a propensity for children with ASD to have a continuous increase in BMI in the absence of exercise. The results suggest that a BCTP can aid in weight management and improve the physical fitness of children with autism.


[image: Graphs showing pre- and post-experiment results for experimental and control groups across five tests: BMI, 2 x 10m shuttle run, sit-and-reach, tennis ball throw, and standing long jump. Each section includes scatter plots, box plots, and distribution curves. Significant differences are marked with asterisks.]
FIGURE 3
BMI values and physical fitness scores at different time points for both groups. *p < 0.05.




Discussion

Numerous studies have shown that exercise can help children with autism improve their physical fitness by enhancing cardiovascular function, increasing muscle strength, and promoting physical fitness, thereby supporting healthy weight management (32). This study investigates the impact of a 12-week BCTP on the physical fitness and BMI of children with ASD. Over time, we observed positive effects in preventing weight gain and improving speed, agility, flexibility, and upper limb muscle strength. However, there was no significant improvement in lower limb muscle strength, although a trend of improvement was noted.

For analyzing BMI data, we referred to the CDC's children's BMI growth charts (25). Among the study participants, approximately 35% of the children were overweight or obese, with an age-specific BMI percentile ≥85%. Considering the heterogeneity in height and weight between the two groups of children, we included these variables as covariates to balance the group differences. After 12 weeks of a BCTP intervention, although no significant improvement was observed in the experimental group, the BMI of the control group (which did not participate in the exercise) significantly increased. A prior study analyzing the 24-hour activity composition of children with ASD predicted that increasing moderate-to-vigorous physical activity would effectively reduce weight, while increasing low-intensity exercise would have a negative impact on BMI (13). However, our exploration of body composition may be somewhat limited, as BMI is directly influenced by height and weight, there is a significant positive correlation between them (33). Encouragingly, we observed a significant reduction in BMI among all overweight and obese children in the BCTP group. Therefore, we conclude that BCTP is effective for weight management in children with ASD. Children with ASD often display stereotypical eating behaviors, which lead to a preference for high-calorie, low-nutrient foods, thereby increasing their risk of obesity (34–37). A study combining healthy eating and physical activity over the course of one year found that children with ASD experienced significant weight loss, with their BMI decreasing from the obese to the overweight category (38). Although this study did not control for diet, we still observed significant changes in the BMI of children with ASD. We anticipate that if the BCTP intervention continues for more than 12 weeks, it could lead to a significant reduction in BMI and a decrease in the incidence of overweight or obesity among children with ASD, as the various aerobic exercises in the BCTP program are effective methods for weight loss.

Study participants in the BCTP group showed significant improvements in speed, agility, and flexibility, consistent with prior reports. The gait abnormalities, poor joint flexibility, and slow movement speed commonly seen in children with ASD make it difficult for them to effectively develop physical fitness (39–41). Circular fitness exercises (including actions such as coming, walking, stopping, crawling, falling, walking, jumping, holding, leaving, sitting) helped establish basic movement skills for ASD children through verbal instructions, allowing them to complete movements independently. After 12 weeks of training, significant improvements in speed, agility, and flexibility were observed (42). Another single-sport program, a mini-basketball exercise plan, also showed positive effects on the physical fitness of children with ASD, but no significant improvements were observed in flexibility (16). However, Pan et al.'s aquatic sports program demonstrated benefits for the flexibility of children with ASD (8). This highlights that different types of sports programs may have varying effects on physical fitness in children with ASD. Unlike other single-sport programs, the BCTP in this study combined mini-basketball and soccer to incorporate ball skills, physical exercises, sports games, and stretching activities. This diverse content enriched the program, effectively improving various aspects of physical fitness, while also increasing participants' interest and engagement.

Existing evidence confirms that physical exercise helps improve muscle strength and motor performance in children with ASD (43, 44). However, in our study, we only observed improvements in upper body muscle strength, although a positive trend in lower body strength was noted, no significant changes were observed. An 8-week intervention focusing on basic motor skills effectively improved muscle activity levels in 10 children with ASD (45). Therefore, we believe this may be related to the structure of our intervention plan. The first 7 weeks of training focused primarily on mini-basketball, emphasizing upper body skills such as dribbling, passing, and shooting. In contrast, the soccer intervention, which included extensive lower-body strength training, lasted only 3 weeks. This difference may explain why no significant improvements in lower body strength were observed.

Currently, poor dietary habits (46), sleep issues (47), and sedentary behavior (48) in children with ASD limit their opportunities for physical activity, increasing the risk of overweight or obesity and significantly affecting their physical fitness. This study is the first to explore the basic physical indicators of children with ASD using a combination of ball sports. We observed several beneficial effects, yet there are still some limitations of this work. Since this is a combined intervention program, the amount of learning content increased. For children with moderate-to-severe ASD, a 12-week exercise cycle with five sessions per week might not be long enough to learn the content needed to see a measurable physical benefit. Future interventions should consider extending the intervention period or adding a single-sport group for comparison, which might be more valuable. In addition, children with autism represent a unique group characterized by significant individual differences. Apart from the relatively small sample size, there was also a high participant attrition rate, making it challenging to achieve complete randomization during group assignment, and baseline differences posed further difficulties. Since height and weight are directly related to BMI, it is recommended to interpret the findings regarding the BCTP's effect on improving BMI in children with ASD with caution. Future research should also focus on optimizing the intervention methods to align with the personalized characteristics of this population, maximizing the effectiveness of the intervention. Lastly, Due to limitations in research resources and testing conditions, we used BMI as the primary indicator. While BMI is widely used and convenient, it does not provide a comprehensive assessment of body composition. Future research should consider employing more advanced techniques, such as Bioelectrical Impedance Analysis (BIA), Dual-energy x-ray Absorptiometry (DXA), or total body water estimation, to enhance the precision and depth of physical health assessments in this population. Despite these limitations, it is clear that a BCTP can improve the physical indicators of children with ASD. We recommend incorporating a combination of different ball sports in the exercise interventions for children with ASD and developing personalized intervention plans that cater to the specific needs of children with ASD at different age stages.



Conclusion

Our study demonstrates that BCTP intervention can improve the physical health of children with ASD and has a positive effect on weight management. BCTP intervention enriches the methods for physical rehabilitation in children with ASD, making it a promising exercise therapy. It also lays the foundation for the future diversification and personalization of exercise interventions for this population.
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