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Background: Currently, there is no standard treatment for Autism Spectrum Disorders (ASD), but there are many ways to minimize the symptoms and maximize abilities. Some studies suggest that exercise and other physical activities with children with ASD may be beneficial. In this study, we hypothesized that a physical exercise program (48-week exercise-intervention) could improve symptomatology dyad among children and adolescents with ASD. Our main aim was to examine the effects of physical activity on the primary clinical symptoms and associated comorbidities in children and adolescents with ASD.

Methods: We allocated 229 children with ASD, ranging in age from 2.3–17.3 years (M = 7.8, SD = 3.2), into three groups: (a) exercise- intervention group, (b) control group from the same institution, and (c) control group from another institution. The exercise program was performed at moderate intensity in a 30 min section twice a week for 48 weeks. We used Bayesian multilevel regression modeling to examine participant outcomes and responses to the exercise-intervention.

Results: Our results showed that a 48-week exercise-intervention substantially decreased ASD social interaction problems, attention deficit, emotional reactivity, stereotypical verbal and motor behavior, and sleep disturbances. However, physical exercise did not affect eye contact and food selectivity. We also observed that ASD severity and socioeconomic status influence eye contact, attention deficit, and sleep disturbance responses.

Conclusion: In conclusion, children and adolescents with ASD exposed to a 48-week physical exercise-intervention program had important improvements in ASD symptoms. This study highlights that structured exercise programs can be a powerful complementary therapy for the ASD population.
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Introduction

Autism Spectrum Disorder (ASD) is characterized by: (a) Persistent deficits in social communication and social interaction; and (b) restricted and repetitive patterns of behavior, interests, or activities (1). An ASD diagnosis typically requires information from observers (such as parents and teachers) and observations of these symptoms in different social contexts (2–4). The National Health Center for Health Statistics has estimated that, in 2016, ASD had a prevalence of 1 in 36 children (5), and many have observed a higher ratio of boys to girls (e.g., 4:1) (6). ASD can be classified into three levels of severity: (a) level 1, involving mild autism and requiring support; (b) level 2, requiring substantial support; and (c) level 3, involving the most severe form of autism and requiring very significant support (1). However, the severity of social skills and behaviors can be influenced by differences in the environment and an individual child’s growth and development (7). In addition, children with ASD have a higher risk of comorbidities than children with normal neurodevelopmental (8–10). These comorbidities (motor deficits, obesity, sleep disorders, and gastrointestinal dysfunction) may potentiate main ASD social and behavioral symptoms.

Presently, no pharmacological treatments are available to cure autism. However, ASD treatment requires pedagogical, psychotherapeutic, and pharmacological interventions to control specific behavioral symptoms. ASD subjects engage in less physical activity than typically developing peers. Studies have proposed that limited levels of physical activity and late motor skills and fitness, particularly in children and adolescents with ASD, may accentuate social and emotional deficits and the associated comorbidities. This can result in serious negative consequences for individual wellbeing and may contribute to the physical, behavioral, and emotional challenges associated with ASD.

Studies have been demonstrated that physical exercise ameliorates deficits in social interaction (11), reduces aggressive behaviors (11–13), and reduces stereotypical behavior in children, teenagers, and adults with ASD (14–16). Recently, it was demonstrated that combined physical training improves restricted and repetitive patterns of behavior and social skills of ASD children (17, 18). In addition, physical exercise has a positive influence on different symptomatology and comorbidities, such as physical motor deficit reduction (19). However, it is also necessary to consider that the exercise-intervention studies described above included limited sample sizes and do not guarantee data on the impact of exercise-interventions on complete ASD symptomatology (clinical symptoms and comorbidities) and severity.

This study hypothesized that a 48-week physical exercise program could improve symptomatology profile and comorbidities among children and adolescents with ASD. This study aimed to examine the effects of an exercise program on the clinical symptoms in children and adolescents with ASD. Our study contributes with a large sample and considers the potential influence of children and adolescents’ characteristics at baseline, gender, age group, ASD severity, medication, and socioeconomic status.



Materials and methods


Study design and participants

This was a non-randomized controlled trial following the Guidelines for Reporting Non-Randomized Studies (20) and following the ethical standards of the World Medical Association Declaration of Helsinki. Therefore, the study was approved by the Federal University of Alagoas Ethical Committee (CAAE: 41286815.0.0000.5013) and by the Federal University of Santa Catarina Ethical Committee (CAAE: 82587818.3.0000.0121). In addition, all study participants and their families received information about the study protocol and signed an informed consent form (or child assent for younger children).

Participant inclusion criteria were a diagnosis of ASD based on DSM-5 criteria (1). The children and adolescents were heterogeneous regarding clinical symptoms and psychotropic medication use. The diagnoses of ASD were established by an experienced psychiatrist based on DSM-5 guidelines. All study participants were monitored by a multidisciplinary team that performed, every 6 months, the application of the Childhood Autism Rating Scale (CARS) and Autistic Traits Assessment Scale (ATA) to monitor the diagnostic stability of all participants during the study protocol. The level of support necessary for each participant was confirmed by the clinical psychiatrist and a multidisciplinary team of the institution, following the criteria established in the DSM-5. During the entire follow-up of the study, none of the participants presented means lower than the cut-off point shown in the ATA and CARS scales.

We considered participants for analysis by their ASD level of support as follows: level 1 (n = 143), level 2 (n = 63), and level 3 (n = 23). According to the DSM-5, the degrees of autism spectrum disorder vary according to the fundamental characteristics of the condition, which are deficits in communication and social interaction and restrictive and repetitive patterns.

A total of 229 children with ASD, recruited from a pediatric center for populations with ASD located in Maceió/Alagoas, Brazil, were considered for their data analysis (Figure 1). Of these, 33 were female, and 196 were male. Patients without a complete diagnosis of ASD (81 individuals) were excluded from the study, and children diagnosed with Rett’s syndrome (12 individuals). Children diagnosed with Rett’s syndrome were excluded based on the recommendations established by the DSM-5, even considering possible etiological similarities with autism (1). In addition, we considered an intervention group [n = 127, age 8.3 (3.3) years] and a control group from the same institution [n = 62, age 8.5 (3.2) years]. All participants and their families willing to be engaged in the exercise program were allocated to the exercise-intervention group. Those not interested in participating in the exercise program were assigned to the control group. Also, we considered a second control group composed of age-matched children with ASD from a different institution in Maceió/Alagoas [n = 40, age 7.4 (2.8) years]. The second control group allows us to account for potential environmental variation in the outcomes.
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FIGURE 1
A controlled trial of the effects of a physical exercise program on the symptom profile of children and adolescents with ASD. Error bars indicate the 95% credible intervals.




Procedures and exercise-intervention program

The intervention group was exposed to a 48-week physical exercise program designed specifically for the population with ASD (21). According to previous studies (16, 22, 23), adaptive procedures adjustments are needed to apply physical exercise programs to children and adolescents with ASD. In addition, given the heterogeneity of the clinical characteristics of the participants (indicated by the application of scales such as the ATA, as well as the indication of the level of support), physical exercise procedures need to be adjusted according to each level of support for each specific child. Therefore, during the 4-week adaptation phase to the Physical Exercise Program, their family mediator accompanied children and adolescents in physical exercise sessions. The main role of the mediator was to facilitate communication and interaction between the participant with ASD and the Physical Education teacher in the process of carrying out the exercises proposed in the program.

During the adaptation sessions, each participant’s individual sheet was recorded: (i) Items from the Autistic Traits Scale considered indicators of a better profile for receiving the information offered by the mediator. For example, the items “difficulty in social interaction” was identified; “environmental manipulation,”; “resistance to change,”; “lack of eye contact,”; “lack of attention,” and “hyperactivity/hypoactivity” and “stereotyped and repetitive movements.” In addition, dangerous problem behaviors were also recorded (physical aggression and self-injurious behaviors), and (ii) the presence of risk behaviors and identification of possible environmental causes (the characteristics of the program, the environment, the group of children or adolescents belonging to the activities, and the mediator of the activities).

Interviews were conducted with each family mediator to identify preference items (stimuli that the person prefers) to be used as reinforcement during physical exercise sessions when necessary. The checklist used at the Center for ASD at the University of Nebraska Medical Center was used, which contains items such as toys, activities, electronics, and other things. The family member must indicate to the interviewer whether or not the item is a favorite item for their child. Each interview lasted 15–20 min and was carried out with the specialized center. After identifying the items, they were tested during adaptation sessions and, if confirmed, were used during physical exercise sessions to increase the child’s or adolescent’s engagement time in the exercise session (21, 22). In addition, family members were interviewed, questions were related to a list of 38 items distributed in the category’s toys, activities, and electronics, and an open question aimed at recording other items of preference for the child not listed in the categories mentioned above. The purpose of using the checklist to identify preference items in this study was to define the stimuli that the mediators of the exercise-intervention could use as reinforcers for better engagement and permanence of the child or adolescents in the program sessions.

After the adaptation phase, 40 weeks of interventions were carried out. The intervention program was composed of sessions of basic coordination and strength exercises, consuming 40 min per session, with sessions occurring twice a week and totaling 96 over the observation period. All intervention sessions were directed by a physical educator with experience working with children with ASD (16, 21). The sessions were held at the facilities of the Pediatric Center specialized in the population with ASD located in Maceió, Alagoas, Brazil. The physical exercise-intervention sessions had the following structure: (i) Preparatory phase for the exercise session (5 min); (ii) development phase (30 min) in which children performed a brief warm-up and then performed strength, balance, and coordination exercises; and (iii) return to calm phase (5 min), in which parents and legal representatives assisted with the relaxation exercises using tactile slip skills on the child’s back and belly aiming to return the child to calm. The development phase’s coordination, strength, and balance activities included climbing and support in a bar, adapted basketball shot, elastic bands, workout, climbing the steps and walking on the inclined plane, step box with a target, and sequenced march. A description of the exercises is provided as supplementary material,1 and further details about the exercise program design, contends, and settings were previously published (21, 22).

The first control group participants were exposed to the same care within the specialized pediatric center for populations with ASD as the intervention group. Still, they did not participate in the intervention exercise sessions. Therefore, only participants who attended at least 90% of the total sessions across the observation period were considered for data analysis. The care for ASD children in specialized pediatric centers is standardized within the national health system and regulated by the Brazilian Ministry of Health (24).

Therefore, we also considered including an independent control group from another institution that followed the same healthcare standards defined by the Brazilian ministry of health to match and adjust the participants with children with ASD from the same and another institution to account for potential environmental variation in the outcomes.



Outcome measures

Autistic traits assessment scale: This is a protocol for identifying the symptoms of the autism spectrum disorder and is also used to examine the evolution of ASD characteristics. It is an easy-to-use protocol, accessible to non-clinical professionals who know the condition. The ATA scale consists of 23 subscales, each with criteria items of ASD characteristics. To explore the characteristics that integrate the ASD symptomatology and that directly interfered in the elaboration of the intervention model with physical exercise in this study, we considered the following eight subscales for analysis: Social interaction (7 items); eye contact (6 items); attention deficit (6 items); reactivity (8 items); motor stereotype (7 items); and verbal stereotype (8 items); sleep disturbance (5 items); food selection (8 items). We used the Brazilian Portuguese version, translated and validated after adjustments to the diagnostic criteria following the DSM-IV guidelines (25). For the six subscales, criteria items are identified and counted in each subscale. The scale displayed adequate internal consistency reliability (α = 0.71) (25).

Childhood autism rating scale: This is a standardized instrument to identify levels of intensity of ASD (mild, moderate, and severe), as well as the sharp distinction between autism and intellectual disability (26). The Brazilian Portuguese version of this instrument (CARS-BR) (26) was used to evaluate the child’s behavior from 14 domains usually affected by serious problems in autism, plus a general category of autism impressions. The 15 items of the scale are relative to people, imitative behavior, emotional response, body use, use of an object, adaptation to change, visual response, auditory response, perceptual response, fear or anxiety, verbal communication, non-verbal communication, activity level, level and consistency of intellectual relations, and general impressions. The validation process demonstrated a very good internal consistency, with mean values of Cronbach’s alpha coefficient of 0.82 (95% CI, 0.71–0.88), indicating a high degree of internal consistency (26). Compared to the ATA scale, data on the convergent validity showed Pearson’s correlation coefficient values with r = 0.89. The test-retest reliability had a kappa coefficient value of 0.90.

Anthropometric measurements: A single experienced observer performed anthropometric measurements. Each participant was measured individually, in a private room at the pediatric center, in the presence of the parents, following standardized procedures (27). When necessary, adaptive approaches were prepared previously for the assessment to meet the standardized methods for anthropometric measurements (using the tablet, cell phone, and toys as a reflector of adaptive behavior) (21, 23). Stature was measured with a portable stadiometer (Seca model 206, Hanover, MD, USA) to the nearest 0.1 cm. Body mass was measured with a calibrated portable balance (Seca model 770, Birmingham, UK) to the nearest 0.1 kg. Waist circumference was measured with an anthropometric tape (Seca model 201, Birmingham, UK) to the nearest 0.1 cm.

Chronological age: Chronological age was calculated to the nearest 0.1 year as birth date minus testing date. At baseline, participants were aged 7.8 (3.2) years, on average, ranging between 2.3 and 17.3 years. Given the range in the sample, we grouped participants by age, assuming the World Health Organization as a reference (28): 0–4 years (n = 51); 5–9 years (n = 126); 10–14 years (n = 47); and 15–19 years (n = 5).

Socioeconomic status: The application of the questionnaires to the parents was carried out before the session by the researcher. First, we applied a questionnaire for the parents to establish socioeconomic status developed by the Brazilian Association of Market Research Institutes (29). The questionnaire allows participants to be grouped into eight categories, where A1 represents the highest and E the lowest. The categories are calculated based on the average gross monthly income of the families, according to standardized or potential consumption patterns, and the classification of the level of education of the family supporter (from illiteracy to higher education level).

Medication: Information about the psychotropic medication (antiepileptics, antipsychotics, antidepressants, and stimulants) used by the participants was obtained from medical records. However, access to children’s proportions of the medication doses prescribed was not available. Therefore, we grouped participants by medications as follows: No prescription (n = 51); medicated only with antidepressants (n = 7); medicated only with antiepileptics (n = 9); medicated only with antipsychotics (n = 3); medicated only with stimulants (n = 93); medicated with antiepileptics and stimulants (n = 12); medicated with antidepressants and stimulants (n = 33); medicated with antipsychotics and antiepileptics (n = 1); medicated with antipsychotics and stimulants (n = 6); medicated with antidepressants, antiepileptics, and stimulants (n = 13); medicated with antipsychotics, antiepileptics and antidepressants (n = 1).



Data analysis

We fitted multilevel ordinal models in a fully Bayesian framework (30, 31) to examine the effects of an exercise program on symptomatology among children and adolescents with ASD. Multilevel models allow and explicitly model the data structure by allowing for residual components at each level in the hierarchy or cluster (32). In addition, multilevel models partially pool the information across units to produce better estimates for all units in the data (33), proving an approach to minimize the selection bias of the design. Hence, we used varying intercepts, varying slope models to adjust for differences in both time-invariant and time-variant characteristics of the sample (34). The changes in the accumulated number of items by a subscale of the ATA scale for each participant were modeled as function exposure to intervention or control groups (i.e., exercise-intervention group, control group from the same institution, or control group from another institution) as population-level effects, and adjusting for the influence of ASD severity level, gender, medication, age group, and socioeconomic status as group-level effects. Hence, we explicitly modeled participants’ characteristics in the multilevel models to account for potential uncertainty bias (35). We allowed changes across the 48 weeks to vary by participants and the intercepts to vary by cross-classified groups.

The ordinal models were fitted with sequential models assuming the same effect on all response categories (30). Our estimations were regularized using weakly informative prior distributions, normal prior (0, 10) for population-level effects, and normal priors (0, 1) for group-level effects. We run four chains for 4,000 iterations with a warm-up length of 1,000 iterations to ensure convergence of the Markov chain. To check the convergence of Markov chains, we inspected trace plots and posterior predictive checks to validate our models (31). The Bayesian methods were fitted using the brms package (30), available in the R statistical language (36), which calls Stan (37), to compute the posteriors. To ensure the transparency and reproducibility of our analyses, a public repository containing all the data and code needed to replicate the analyses and figures is available at: https://osf.io/v6jyx/.




Results

The characteristics of children with ASD at baseline in the study are summarized in Table 1. The Bayesian methods used in the analysis allow direct probabilistic interpretations of credible (also called confidence intervals) and posterior probabilities (38).


TABLE 1    Baseline characteristics of children with autism spectrum disorder grouped as intervention and control groups.
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Multilevel ordinal modeling results and respective 95% credible intervals of changes across the 48-week exercise-based intervention for the eight autistic traits are displayed in Figures 2–4. The subscale scores pre- and post-intervention were adjusted for ASD severity level, gender, medication, age group, and socioeconomic status as group-level effects. The overlap of the 95% credible intervals at baseline implies baseline variation between participants from the intervention group and control groups for social interaction (Figure 2A), motor stereotype (Figure 3C), and sleep disturbance (Figure 4A) subscales. At baseline, the participants displayed a similar profile of autistic symptoms for the other subscales.
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FIGURE 2
Changes in social interaction (A), eye contact (B), and attention deficit (C) pre- and post-intervention in the exercise-intervention, same institution control, and another institution control groups. Error bars indicate the 95% credible intervals.
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FIGURE 3
Changes in verbal stereotype (A), reactivity (B), and motor stereotype (C) pre- and post-intervention in the exercise-intervention, same institution control, and another institution control groups. Error bars indicate the 95% credible intervals.
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FIGURE 4
Changes in sleep disturbance (A) and food selectivity (B) pre-and post-intervention in the exercise-intervention, same institution control, and another institution control groups. Error bars indicate the 95% credible intervals.


The exercise-intervention group showed substantial decreases in the accumulated number of items for social interaction after 48 weeks compared to both control groups (Figure 2). There was a small decrease in items after 48 weeks for eye contact and attention deficit, but uncertainty estimates were large for all groups. The variation in the accumulated number of items for eye contact and attention deficit was substantially influenced by ASD severity level and socioeconomic status.

For reactivity, the exercise-intervention group displayed a substantial decrease in the accumulated number of items after the 48-weeks intervention (Figure 3B) compared to both control groups. Verbal and motor stereotypes showed a trend of decline in the accumulated number of items to the exercise-intervention, as there was no change for both control groups. Nevertheless, the interpretation must be conservative, given the large uncertainty estimates. The variation in the accumulated number of items for verbal stereotypes was substantially influenced by socioeconomic status.

The exercise-intervention group showed substantial decreases in the accumulated number of items of sleep disturbance after 48 weeks compared to the slight trend of increase observed in both control groups (Figure 4A). As for food selectivity, the exercise-intervention group showed no substantial change after 48 weeks, in contrast with the trend of an increase in the number of items in the subscale in the control groups, particularly for the group from the same institution (Figure 4B). The variation in the accumulated number of items for sleep disturbance and food selectivity was substantially influenced by ASD severity level and socioeconomic status.



Discussion

In this study, we demonstrated practice of physical activity by children and adolescents with ASD ameliorates social interaction, motor stereotypes, sleep disturbances, and for reactivity. No changes were observed for verbal and motor stereotypes, as well as for food selectivity. We also observed that the variation for eye contact, attention deficit, verbal stereotypes, sleep disturbance, and food selectivity was substantially influenced by ASD severity level and socioeconomic status. Our study demonstrates that 48 weeks of exercise-intervention substantially improved the two domain structures. Physical exercise-interventions have shown positive effects in reducing core symptoms of ASD and associated clinical comorbidities (11, 12, 14, 22, 23, 39–41).

However, available data are limited by small sample sizes, warranting data on the impact of exercise-interventions on ASD symptomatologic profile and severity. Our study contributed with a large sample and considered the potential influence of children and adolescents’ characteristics at baseline, gender, age group, ASD severity, medication, socioeconomic status, and specialized pediatric institution. To our best knowledge, the study of the effects of intervention with exercise on the social interaction of children and adolescents with ASD is sparse. Nevertheless, our observations showed a substantial reduction in the number of items for social interaction and attention deficit after the 48-week intervention for the exercise-intervention group compared to the control group in the same institution and another institution. Our results are consistent with observations showing positive social intervention time and reduced social dysfunction in children with ASD when exposed to Kata techniques training (42).

On the other hand, children with ASD exposed to aquatic exercise showed positive sensory benefits, decreasing maladaptive behaviors. Still, there was no identification of increased social skills needed for interaction (43). Different methodological approaches across the available studies may likely explain some inconsistencies. It is difficult to define instruments and their reliability to assess the effects of exercise on the social interaction of children with ASD (43, 44). Importantly, improvements in autistic social traits could predate potential benefits in eating disorder behaviors (45).

The repetitive and restricted patterns of behaviors, also referred to as stereotypical behaviors, deserve special attention because they produce losses in the motor profile and children’s interaction with the environment (46, 47). In the present study, the patterns of behavior of children and adolescents with ASD (i.e., reactivity, motor, and verbal stereotypes) exposed to the 48-weeks intervention showed a substantial improvement compared to controls. Our results are consistent with observations noting a reduction of stereotyped motor behaviors and reactivity with exercise exposure. Available data in the literature mainly includes intervention models based on aerobic exercises (running, cycling, and ball games) (13, 48–50), combined exercises (22, 51), and exercises Kata technique (42, 52).

Sleep disorders are presented in about 50–80% of children and adolescents with ASD (53, 54) and are likely to have more severe primary symptoms (55, 56). In addition, fragile X syndrome (FXS), the leading cause of inherited autism spectrum disorder, is associated with multiple neurobehavioral abnormalities, including sleep difficulties related to irritability/aggression and hyperactivity (57). Given the high prevalence of sleep disorders in the population, it has been recommended to explore the effects of intervention with exercise on possible improvements in sleep quality and the increase in the total number of hours of sleep for the ASD population (58). In the present study, the children and adolescents exposed to the 48 weeks of exercise-intervention had substantial improvements in sleep disturbance. In contrast, the participants in both control groups show a trend of an increase in sleep disturbances. Hence, our observations confirm the suggestion that clinical professionals should prescribe intervention with physical exercise for children with ASD, especially for those with sleep disorders and low adherence to using medications (53, 59). Furthermore, the positive influence of exercise on sleep quality and quantity may be mediated by the impact of exercise on pathophysiological mechanisms, mainly in increasing their endogenous melatonin levels (53).

Eating disorders are presented in about 45–95% of children and adolescents with ASD (55, 60) and are associated with more severe primary symptoms (55). In addition, children and adolescents with ASD have an increased risk of obesity and obesity-related metabolic disorders (57, 61, 62). However, to our best knowledge, no observations are available on exercise-interventions’ effects on eating disorders’ symptoms. The children and adolescents with ASD exposed to the 48-week intervention in this study showed improved eating disorders. Previously, we observed an improvement in cholesterol (increase in HDL-C, decrease in LDL, and total cholesterol) in response to exposure to the 48-week exercise-intervention (22). On the other hand, it has been noted that autistic social behavior appears to predate eating disorder behaviors (46). Hence, the positive effect of exercise on social interactions may positively influence eating disorders behaviors, likely contributing to improving the cholesterol profile of children and adolescents with ASD.

It should be noted that the ATA scale is based on information about children’s symptoms provided by their parents. Parents were trained to identify behavior changes in their children, and the intervention program coordinator assisted the families when necessary. The ATA scale is one of the few instruments validated and translated for the Brazilian population (25). In addition, the protocol provides an easy-to-use protocol available to non-clinical professionals with knowledge of the condition. Given the available sample size, design, and the applied use of the method, we assume the value of the ATA scale to explore the characteristics that integrate the ASD symptomatology profile and that directly interfered in the elaboration of the intervention model with physical exercise.



Conclusion

In conclusion, this study demonstrates that the 48-week exercise-intervention improves the social and behavioral skills of children and adolescents with autism spectrum disorders, confirming the study hypothesis. Therefore, highly structured and personalized exercise programs should be a powerful complementary therapy to minimize symptomatology among children and adolescents with ASD.


Study limitations

The present study’s main limitation lies in using a non-randomized study design, which is more susceptible to bias. The main sources of bias in non-randomized study designs include (a) selection bias, i.e., systematic differences between comparison groups; (b) performance bias, i.e., systematic differences in the care provided apart from the intervention being evaluated; (c) detection bias, i.e., systematic differences in the assessment of outcome(s), and (d) attrition bias systematic differences in withdrawal from the study (20, 35).

To minimize bias and given that allocation to the exercise-intervention group was made by participant (parent) choice, we explicitly adjusted our models to individual characteristics, including gender, age, ASD severity, medication, socioeconomic status, and contextual aspects of the healthcare provider. In particular, we considered including an independent control group from another institution that followed the same healthcare standards defined by the Brazilian ministry of health to match and adjust the participants with children with ASD from the same and another institution to account for potential environmental variation in the outcomes.

Lastly, appropriate statistical modeling allows us to minimize sources of bias in non-randomized study designs (35). We used a Bayesian multilevel modeling approach to deal with the study design and the data structure. Bayesian methods provide a natural approach to account for different sources of inferential uncertainty (33, 63–65). The parameters are treated as random variables combining both sample data and prior distribution information to estimate a (posterior) probability distribution that reflects the uncertainty associated with how well they are known based on the data (33, 65).

Intuitively, the repeated measures data present either crossed or nested levels, where effects are likely to vary between different sub-groups (66). Traditional single-level analyses (e.g., analysis of variance and co-variance) are often used, although inappropriately (31, 33, 66). The multilevel modeling framework allows individual changes in the outcomes of interest to be modeled as a function of individuals, group allocation, and contextual covariates, providing aggregated estimates of a target group and significantly improving estimations of small and sparse group data (34). Another limitation of our study is that the majority of the sample had ASD children with support level 1 [mild ASD (62%)], and there is also a lack of data on syndromic ASD, such as FXS (56, 57).




Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Federal University of Alagoas Ethical Committee (CAAE: 41286815.0.0000.5013) and Federal University of Santa Catarina Ethical Committee (CAAE: 82587818.3.0000.0121). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

CT and JG designed and drafted the manuscript. RQ and KS helped with intervention program and data collection. HC and JF analyzed, interpreted data, and revised critically the manuscript. All authors contributed to the article and approved the submitted version.



Funding

RQ was financed by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior–Brazil (CAPES)–Finance Code 001. JG was supported by the National Council for Scientific and Technological Development (CNPq) Universal Grant number: 432934/2018-9. CT, HC, and JG were supported by the Ministry of Education/Secretariat of Specialized Education Modalities/Directorate of Special Education number: 11372/2022-3.



Acknowledgments

We thank the Unified Center for Integration and Development of Autistic (Maceió, Alagoas, Brazil).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Footnotes

1     https://osf.io/v6jyx/


References

1. American Psychiatric Association [APA]. Diagnostic and statistical manual of mental disorders: DSM-V. 5th ed. London: American Psychiatric Organization (2014). p. 970. doi: 10.1176/appi.books.9780890425596

2. Lerner M, De Los Reyes A, Drabick D, Gerber A, Gadow K. Informant discrepancy defines discrete, clinically useful autism spectrum disorder subgroups. J Child Psychol Psychiatry. (2017) 58:829–39. doi: 10.1111/jcpp.12730

3. Sharma S, Gonda X, Tarazi F. Autism spectrum disorder: classification, diagnosis and therapy. Pharmacol Ther. (2018) 190:91–104. doi: 10.1016/j.pharmthera.2018.05.007

4. Gomes P, Lima L, Bueno M, Araújo L, Souza N. Autism in Brazil: a systematic review of family challenges and coping strategies. J Pediatr. (2015) 91:111–21. doi: 10.1016/j.jped.2014.08.009

5. Zablotsky B, Black L, Blumberg S. Estimated prevalence of children with diagnosed developmental disabilities in the United States, 2014-2016. NCHS Data Brief. (2017) 291:1–8.

6. Loomes R, Hull L, Mandy W. What Is the male-to-female ratio in autism spectrum disorder? A systematic review and meta-analysis. J Am Acad Child Adolesc Psychiatry. (2017) 56:466–74. doi: 10.1016/j.jaac.2017.03.013

7. Burns C, Matson J. An evaluation of the clinical application of the DSM-5 for the diagnosis of autism spectrum disorder. Expert Rev Neurother. (2017) 17:909–17. doi: 10.1080/14737175.2017.1351301

8. Broder-Fingert S, Brazauskas K, Lindgren K, Iannuzzi D, Van Cleave J. Prevalence of overweight and obesity in a large clinical sample of children with autism. Acad Pediatr. (2014) 14:408–14. doi: 10.1016/j.acap.2014.04.004

9. Must A, Curtin C, Hubbard K, Sikich L, Bedford J, Bandini L. Obesity prevention for children with developmental disabilities. Curr Obes Rep. (2014) 3:156–70. doi: 10.1007/s13679-014-0098-7

10. Tureck K, Matson J, May A, Davis T, Whiting S. Investigation of the rates of comorbid symptoms in children with ADHD compared to children with ASD. J Dev Phys Disabil. (2013) 25:405–17. doi: 10.1007/s10882-012-9320-2

11. Bremer E, Crozier M, Lloyd M. A systematic review of the behavioural outcomes following exercise interventions for children and youth with autism spectrum disorder. Autism. (2016) 20:899–915. doi: 10.1177/1362361315616002

12. Tan B, Pooley J, Speelman C. A meta-analytic review of the efficacy of physical exercise interventions on cognition in individuals with autism spectrum disorder and ADHD. J Autism Dev Disord. (2016) 46:3126–43. doi: 10.1007/s10803-016-2854-x

13. Oriel K, George C, Peckus R, Semon A. The effects of aerobic exercise on academic engagement in young children with autism spectrum disorder. Pediatr Phys Ther. (2011) 23:187–93. doi: 10.1097/PEP.0b013e318218f149

14. Petrus C, Adamson S, Block L, Einarson S, Sharifnejad M, Harris S. Effects of exercise interventions on stereotypic behaviours in children with autism spectrum disorder. Physiother Can. (2008) 60:134–45. doi: 10.3138/physio.60.2.134

15. Ferreira J, Ghiarone T, Júnior C, Furtado G, Carvalho H, Rodrigues A, et al. Effects of physical exercise on the stereotyped behavior of children with autism spectrum disorders. Medicina. (2019) 55:685. doi: 10.3390/medicina55100685

16. Alipour V, Shabani R, Zarrindast M, Rahmani-Nia F, Nasehi M. Treadmill exercise improves stereotypical behaviors in autistic rats: treadmill exercise improves ASD. Galen Med J. (2022) 11:e1990. doi: 10.31661/gmj.v11i.1990

17. Haghighi A, Broughani S, Askari R, Shahrabadi H, Souza D, Gentil P. Combined physical training strategies improve physical fitness, behavior, and social skills of autistic children. J Autism Dev Disord. (2022). doi: 10.1007/s10803-022-05731-8 [Epub ahead of print].

18. Jackson S, Abel E, Reimer S, McPartland J. Brief report: a specialized fitness program for individuals with autism spectrum disorder benefits physical, behavioral, and emotional outcomes. J Autism Dev Disord. (2022). doi: 10.1007/s10803-022-05646-4 [Epub ahead of print].

19. Batey C, Missiuna C, Timmons B, Hay J, Faught B, Cairney J. Self-efficacy toward physical activity and the physical activity behavior of children with and without developmental coordination disorder. Hum Mov Sci. (2013) 36:258–71. doi: 10.1016/j.humov.2013.10.003

20. Reeves BC. Reasons for caution when evaluating health care interventions using non-randomised study designs. Forschende Komplementarmedizin und klassische Naturheilkunde. Res Complement Nat Class Med. (2004) 11(Suppl. 1):44–5. doi: 10.1159/000080575

21. Ferreira J, Andrade Toscano C, Rodrigues A, Furtado G, Barros M, Wanderley R, et al. Effects of a physical exercise program (PEP-Aut) on autistic children’s stereotyped behavior, metabolic and physical activity profiles, physical fitness, and health-related quality of life: a study protocol. Front Public Health. (2018) 6:47. doi: 10.3389/fpubh.2018.00047

22. Toscano C, Carvalho H, Ferreira J. Exercise effects for children with autism spectrum disorder: metabolic health, autistic traits, and quality of life. Percept Mot Skills. (2017) 125:126–46. doi: 10.1177/0031512517743823

23. Srinivasan S, Pescatello L, Bhat A. Current perspectives on physical activity and exercise recommendations for children and adolescents with autism spectrum disorders. Phys Ther. (2014) 94:875–89. doi: 10.2522/ptj.20130157

24. Institui a Rede de Cuidados à Pessoa com Deficiência no âmbito do Sistema Único de Saúde. Portaria GM no 793 C.F.R. Brasilia: Health Ministry (2012).

25. Assumpção F, Kuczynski E, Gabriel M, Rocca C. Escala de avaliação de traços autísticos (ATA): validade e confiabilidade de uma escala para a detecção de condutas autísticas. Arq Neuropsiquiatr. (1999) 57:23–9. doi: 10.1590/S0004-282X1999000100005

26. Pereira A, Riesgo R, Wagner M. Childhood autism: translation and validation of the childhood autism rating scale for use in Brazil. J Pediatr. (2008) 84:487–94. doi: 10.2223/JPED.1828

27. Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual. Chicago: Human Kinetics Books (1988). p. 177.

28. Ahmad O, Boschi-pinto C, Lopez A. Age standardization of rates: a new WHO standard. GPE discussion paper series: No.31. Geneva: World Health Organization (2001).

29. Associação Brasileira de Empresas de Pesquisa. Critério de classificação econômica Brasil. Dados. São Paulo: IBOPE (2012).

30. Bürkner P, Vuorre M. Ordinal regression models in psychology: a tutorial. Adv Methods Pract Psychol Sci. (2019) 2:77–101. doi: 10.1177/2515245918823199

31. Gelman A, Carlin J, Stern H, Dunson D, Vehtari A, Rubin D. Bayesian data analysis. Boca Raton, FL: CRC press (2013). p. 675. doi: 10.1201/b16018

32. Singer JD, Willett J. Applied longitudinal data analysis: modeling change and event occurrence. Oxford: Oxford University Press (2003). doi: 10.1093/acprof:oso/9780195152968.001.0001

33. McElreath R. Statistical rethinking: a Bayesian course with example in R and Stan. Boca Raton, FL: CRC Press (2015).

34. Gelman A, Hill J. Data analysis using regression and multilevel/hierarchical models. Cambridge: Cambridge University Press (2007). doi: 10.1017/CBO9780511790942

35. Reeves BC, Gaus W. Guidelines for reporting non-randomised studies. Forschende Komplementarmedizin und klassische Naturheilkunde. Res Complement Nat Class Med. (2004) 11:46–52. doi: 10.1159/000080576

36. R Core Team. R: a language and environment for statistical computing. Vienna: R Foundation for Statistical Computing (2018).

37. Carpenter B, Gelman A, Hoffman M, Lee D, Goodrich B, Betancourt M, et al. Stan: a probabilistic programming language. J Stat Softw. (2017) 76:1–32. doi: 10.18637/jss.v076.i01

38. Mengersen K, Drovandi C, Robert C, Pyne D, Gore C. Bayesian estimation of small effects in exercise and sports science. PLoS One. (2016) 11:e0147311. doi: 10.1371/journal.pone.0147311

39. Lang R, Koegel L, Ashbaugh K, Regester A, Ence W, Smith W. Physical exercise and individuals with autism spectrum disorders: a systematic review. Res Autism Spectr Disord. (2010) 4:565–76. doi: 10.1016/j.rasd.2010.01.006

40. Sowa M, Meulenbroek R. Effects of physical exercise on autism spectrum disorders: a meta-analysis. Res Autism Spectr Disord. (2012) 6:46–57. doi: 10.1016/j.rasd.2011.09.001

41. Ruggeri A, Dancel A, Johnson R, Sargent B. The effect of motor and physical activity intervention on motor outcomes of children with autism spectrum disorder: a systematic review. Autism. (2020) 24:544–68. doi: 10.1177/1362361319885215

42. Bahrami F, Movahedi A, Marandi S, Abedi A. Kata techniques training consistently decreases stereotypy in children with autism spectrum disorder. Res Dev Disabil. (2012) 33:1183–93. doi: 10.1016/j.ridd.2012.01.018

43. Pan C. Effects of water exercise swimming program on aquatic skills and social behaviors in children with autism spectrum disorders. Autism. (2010) 14:9–28. doi: 10.1177/1362361309339496

44. Movahedi A, Bahrami F, Marandi S, Abedi A. Improvement in social dysfunction of children with autism spectrum disorder following long term Kata techniques training. Res Autism Spectr Disord. (2013) 7:1054–61. doi: 10.1016/j.rasd.2013.04.012

45. Solmi F, Bentivegna F, Bould H, Mandy W, Kothari R, Rai D, et al. Trajectories of autistic social traits in childhood and adolescence and disordered eating behaviours at age 14 years: a UK general population cohort study. J Child Psychol Psychiatry. (2020) 62:75–85. doi: 10.1111/jcpp.13255

46. Freeman R, Soltanifar A, Baer S. Stereotypic movement disorder: easily missed. Dev Med Child Neurol. (2010) 52:733–8. doi: 10.1111/j.1469-8749.2010.03627.x

47. Hattier M, Matson J, Macmillan K, Williams L. Stereotyped behaviours in children with autism spectrum disorders and atypical development as measured by the BPI-01. Dev Neurorehabil. (2013) 16:291–300. doi: 10.3109/17518423.2012.727107

48. Kern L, Koegel R, Dyer K, Blew P, Fenton L. The effects of physical exercise on self-stimulation and appropriate responding in autistic children. J Autism Dev Disord. (1982) 12:399–419. doi: 10.1007/BF01538327

49. Levinson L, Reid G. The effects of exercise intensity on the stereotypic behaviours of individuals with autism. Adapt Phys Act Q. (1993) 10:255–68. doi: 10.1123/apaq.10.3.255

50. Nazemzadegan G, Babadi A, Zeinali Z, Kakavandi K. Effectiveness of ball exercises on reduction of stereotypic behavior of children with autism spectrum disorder with high performance. Iran Rehabil J. (2016) 14:121–6. doi: 10.18869/nrip.irj.14.2.121

51. Liu T, Fedak A, Hamilton M. Effect of physical activity on the stereotypic behaviors of children with autism spectrum disorder. Int J Sch Heal. (2015) 3:e28674. doi: 10.17795/intjsh-28674

52. Bahrami F, Movahedi A, Marandi S, Sorensen C. The effect of karate techniques training on communication deficit of children with autism spectrum disorders. J Autism Dev Disord. (2016) 46:978–86. doi: 10.1007/s10803-015-2643-y

53. Tse A, Lee P, Zhang J, Lai E. Study protocol for a randomised controlled trial examining the association between physical activity and sleep quality in children with autism spectrum disorder based on the melatonin-mediated mechanism model. BMJ Open. (2018) 8:e020944.

54. Veatch O, Sutcliffe J, Warren Z, Keenan B, Potter M, Malow B. Shorter sleep duration is associated with social impairment and comorbidities in ASD. Autism Res. (2017) 10:1221–38. doi: 10.1002/aur.1765

55. Yang X, Liang S, Zou M, Sun C, Han P, Jiang X, et al. Are gastrointestinal and sleep problems associated with behavioral symptoms of autism spectrum disorder? Psychiatry Res. (2018) 259:229–35. doi: 10.1016/j.psychres.2017.10.040

56. Budimirovic D, Subramanian M. Neurobiology of autism and intellectual disability: fragile X syndrome. 2nd ed. In: MV Johnston editor. Neurobiology of disease. New York, NY: Oxford University Press (2016). p. 375–84. doi: 10.1093/med/9780199937837.003.0052

57. Choo T, Xu Q, Budimirovic D, Lozano R, Esler Amy N, Frye R, et al. Height and BMI in fragile X syndrome: a longitudinal assessment. Obesity. (2022) 30:743–50. doi: 10.1002/oby.23368

58. Wachob D, Lorenzi D. Brief report: influence of physical activity on sleep quality in children with autism. J Autism Dev Disord. (2015) 45:2641–6. doi: 10.1007/s10803-015-2424-7

59. Brand S, Jossen S, Holsboer-trachsler E. Impact of aerobic exercise on sleep and motor skills in children with autism spectrum disorders – a pilot study. Neuropsychiatr Dis Treat. (2015) 11:1911–20. doi: 10.2147/NDT.S85650

60. Chistol L, Bandini L, Must A, Phillips S, Cermak S, Curtin C. Sensory sensitivity and food selectivity in children with autism spectrum disorder. J Autism Dev Disord. (2018) 48:583–91. doi: 10.1007/s10803-017-3340-9

61. Curtin C, Jojic M, Bandini L. Obesity in children with autism spectrum disorder. Harv Rev Psychiatry. (2014) 22:93–103. doi: 10.1097/HRP.0000000000000031

62. Toscano C, Ferreira J, Gaspar J, Carvalho H. Growth and weight status of Brazilian children with autism spectrum disorders: a mixed longitudinal study. J Pediatr. (2019) 95:705–12. doi: 10.1016/j.jped.2018.06.008

63. Kennedy L, Gelman A. Know your population and know your model: using model-based regression and poststratification to generalize findings beyond the observed sample. Psychol Methods. (2021) 26:547–58. doi: 10.1037/met0000362

64. Lee DM, Wagenmaker E. Bayesian cognitive modeling: a practical course. Cambridge: Cambridge University Press (2013). p. 280.

65. Judd C, Westfall J, Kenny D. Experiments with more than one random factor: designs, analytic models, and statistical power. Annu Rev Psychol. (2017) 68:601–25. doi: 10.1146/annurev-psych-122414-033702

66. Diez-Roux AV. Bringing context back into epidemiology: variables and fallacies in multilevel analysis. Am J Public Health. (1998) 88:216–22. doi: 10.2105/AJPH.88.2.216



OPS/images/ain.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exercise improves the social and behavioral skills of children and adolescent with autism spectrum disorders



		Introduction



		Materials and methods



		Study design and participants



		Procedures and exercise-intervention program



		Outcome measures



		Data analysis









		Results



		Discussion



		Conclusion



		Study limitations









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fpsyt-13-1027799-t001.jpg
Exercise- Control Control
intervention | group group

group same another
(n =127) | institution institution
(n=62) (n =40)

Chronological age (years) 7.9 (3.3) 8.1(3.2) 6.9 (2.8)
Stature (cm) 127.4 (14.9) 125.5(18.1) 132.4 (27.4)
Body mass (kg) 34.9(14.9) 33.4(14.3) 419 (24.0)
Body mass index (kg/mz) 21.0 (6.8) 20.9(7.9) 22.8(8.1)
Social interaction (0-7) 5.:2(1.7) 5.6 (1.6) 4.0 (1.5)
Eye contact (0-6) 5.2(1.4) 5.2(1.5) 4.8 (1.2)
Attention deficit (0-6) 4.1(1.1) 4.1(1.0) 3.6 (0.9)
Verbal stereotype (0-8) 4.6 (1.3) 4.6 (1.6) 49 (1.4)
Reactivity (0-8) 41(1.1) 3.9(1.2) 43(12)
Motor stereotype (0-8) 5.0(1.7) 4.9(1.9) 6.3 (1.4)
Sleep disturbance (0-5) 2.5(1.2) 3.8(1.4) 3.7(1.3)
Food selection (0-8) 3.6(1.4) 3.5(1.5) 3.3(1.4)






OPS/images/cover.jpg
& frontiers | Frontiers in Psychiatry

Exercise improves the social
and behavioral skills of children
and adolescent with autism
spectrum disorders









OPS/images/fpsyt-13-1027799-g001.jpg
Approached to participate
n= 384

Allocated control group from
outside of the institution

n= 62

Did not meet the inclusion criteria
n=93

Lost to post-intervention
n= 22
Reason: Did not attend the
application of the  evaluation

protocols.

Allocated control group from the
same institution

n=76

Analysed / Control group from
outside of the institution

n= 40

Lost to post-intervention
n= 14
Reason:
Did not attend the application of the

evaluation protocols.

Analysed / Control group from the
same institution

n= 62

Allocated exercise - intervention group

n= 153

Lost to post-intervention
n= 26
Reasons:
Did not complete the application of the
evaluation protocols.
Did not meet 90% of the total frequency in

the Program

Analysed /Intervention group

Tool analysed n=127







OPS/images/fpsyt-13-1027799-g002.jpg
Social interaction

Baseline

Post-intervention

Eye contact

Baseline

Post-intervention

Attention deficit

50
45
@
40 &}
[}

@
351 = =
3.0 o=t

Baseline Post-intervention

Group

@ Control another institution

@ Control same institution
Exercise-intervention group






OPS/images/fpsyt-13-1027799-g003.jpg
Verbal stereotype

—_— o " N o o
" 1 ]
o ¢
@
@
& 5 T
L ) T
® 4 2
& z ae — z Group
® = g @ Control another institution
o
e ® T @ Control same institution
- - = % 54 - Exercise-intervention group
= ®
-~ @
. 3
. 4
3 4
Baseline Post-intervention Baseline Post-intervention Baseline Post-intervention






OPS/images/fpsyt-13-1027799-g004.jpg
Sleep disturbance

Baseline

Post-intérvention

Food selection

5.0 1

45-

4.0

35-

3.0-

25-

Baseline

Post-intéwention

Group

4@ Control another institution

@ Control same institution
Exercise-intervention group





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







