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Abstract

:

Children with intellectual disability (ID) are more vulnerable to health conditions than their typically developing peers. Evidence of effective interventions is scarce. A randomized controlled trial was conducted in 30 overweight and obese children with intellectual disability (ID) in China to evaluate a 12-week school-based physical activity intervention for obesity, health-related physical fitness (HRPF), and blood pressure. The intervention consisted of 24 physical activity (PA) sessions (2 sessions/week, 60 min/session), with exercise intensity progressively increasing from a moderate level to a vigorous level. All participants were followed up for 12 weeks after the intervention period to evaluate sustained effects. Outcomes were repeatedly measured at baseline, after the intervention, and after follow-up. The intervention was effective in reducing some obesity-related outcomes (including weight and body mass index) and improving some HRPF-related outcomes (including the 6 min walk test and the 30 s sit-to-stand test), with the significant effects being sustained after the 12-week follow-up. No effect was observed on blood pressure. The findings of this study contribute to the development and implementation of PA interventions to reduce obesity and improve HRPF in children with ID.
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1. Introduction


Childhood obesity accompanied with poor health-related physical fitness (HRPF) is an alarming public health issue and has attracted much attention in recent years [1]. It has been well documented that children with obesity and poor HRPF are more likely to suffer from a series of health conditions, such as cardiovascular diseases, metabolic syndrome, type 2 diabetes, and hypertension [2,3,4]. Additionally, there is clear evidence that childhood obesity may lead to adult obesity [5]; poor HRPF in childhood may continue into adulthood; and the health conditions associated with obesity and poor HRPF in childhood may persist into adulthood as well [5,6].



Children with intellectual disabilities (ID), characterized by significant limitations in intellectual and adaptive functioning and accounting for 1.83% of the entire global pediatric population, are more vulnerable to obesity and lower levels of HRPF than their counterparts without ID [7,8]. Previous studies in different countries (including ours) consistently revealed prevalence rates of overweight and obesity of 30~33% in children with ID, about 1.54~1.80 times of those observed in their typically developing peers [8,9,10]. Lower levels of HRPF were also observed in children with ID compared with those without ID. A recent cross-sectional study among 128 children with ID identified that 71% to 91% of them scored below the age- and gender-specific reference values of HRPF, including cardiopulmonary fitness and muscular fitness [7]. Though evidence was limited, hypertension might also hit an alarming level, as shown in our previous cross-sectional study, where 31.4% of children with ID were hypertensive [11].



There are numerous factors associated with these conditions in general pediatric populations, including genetics, metabolic factors, medications, physical activity (PA), diet, etc. [12]. Except for these common factors, the higher prevalence of obesity, hypertension, and lower HRPF levels in children with ID may also be attributable to their limited mental ability to choose and adopt healthy behaviors [13].



Though children with ID have higher risks for obesity, lower levels of HRPF, and hypertension, intervention studies for this special population are scarce [14]. Evidence of effective interventions obtained in typically developing children may not be applicable to them, given the additional risks they are suffering due to limited intellectual functioning [13]. Thus, there is an urgent need to develop effective interventions for this special pediatric population. Previous evidence for children with intellectual disability suggested that school-based PA was the predominant intervention approach adopted and might contribute to reducing obesity and improving fitness [15]. Therefore, this study aimed to evaluate the effectiveness of a 12-week school-based PA intervention to reduce obesity- and hypertension-related indicators, and improve HRPF levels in Chinese children with ID.




2. Materials and Methods


2.1. Study Design and Participants


This study was a randomized controlled trial (RCT) with two groups, including an intervention group (IG) and a wait-list control group (CG), which was developed based on the findings of our systematic review and meta-analysis aiming to identify effective lifestyle interventions in children with ID [15], along with exercise guidelines recommended by the American College of Sports Medicine [2]. It consisted of a 12-week school-based PA intervention and a 12-week follow-up. Ethical approval was obtained from the Research Ethics Committee in Hong Kong Baptist University (Ref. No.: SPE17482062). The study was registered at the ClinicalTrials.gov (Ref. No.: NCT04554355) and the research protocol was published elsewhere [16]. The Consolidated Standard of Reporting Trials (CONSORT) 2010 guideline was followed for reporting the study [17] and the complete CONSORT 2010 checklist is shown in Appendix A.



The study was implemented in four special schools in China between June 2020 and April 2021. A sample size of 30 participants (15 in each group) was estimated using the G*Power (Version 3.1.9.4, created by Axel Buchner, Edgar Erdfelder, Franz Faul, and Albert-Georg Lang, Germany), with an alpha of 0.05, a power of 80%, an effect size (Cohen’s f) of 0.27 for body mass index (BMI, a primary outcome) [18], and a dropout rate of 20% [19]. Inclusion criteria of participants were (1) with ID; (2) aged 12–18 years old; (3) overweight or obese; and (4) at least one family member able to respond to study questionnaires. Exclusion criteria included (1) with any physical disability; (2) with a medical predisposition towards obesity (such as genetic syndrome) that could interfere with the results of the study; (3) with contraindications for PA (e.g., severe heart disease); and (4) participated in other obesity or fitness-related programmes in the past six months. PE teachers in the study schools screened for eligibility and recruited the participants, with written parental informed consent obtained in advance. All participants were randomly assigned (1:1 ratio) in either the IG or the CG using block randomization [20]. Both the participants and the assessors were blinded to the allocation results.




2.2. Intervention


There was a total of 24 sessions in the PA intervention, delivered at a frequency of twice a week with each session of 60 min. All sessions were divided into three levels and each level lasted for four weeks. Exercise intensity increased progressively from 40% heart rate reserve (HRR, moderate intensity) at Level 1 to 70% HRR (vigorous intensity) at Level 3 [2]. Each session consisted of a 10 min warm-up, a 45 min main exercise (including two 15 min aerobic games, followed by 15 min resistance training), and a 5 min cool-down. Twelve aerobic games were selected and then modified from the Jockey Club Keep Fit Formular for Children Programme with the following considerations: (1) achieving the intensity requirements; (2) being safe, simple, and interesting; and (3) being feasible to carry out at school. Detailed contents of the intervention are reported in the research protocol [16].



Target exercise heart rates (target HRs) of the participants were estimated before each training level using the equations listed in Table 1 [21]. Their real-time exercise heart rates (real-time HRs) were monitored by tutors twice in each training session by counting beats on their wrists in ten seconds and then multiplying by six. The real-time HRs were used to compare with the target HRs to determine if the participants met the requirements or not. If necessary, appropriate modifications (such as encouraging them to run faster/jump higher) were implemented to ensure their compliance with target HRs.



The PA programmes were conducted in the participants’ schools. A fixed sports area in each participating school was provided. The training session was arranged in fixed non-class timeslots during the school activity and implemented by well-trained tutors who were educated in sports sciences and had experience in teaching students with special needs. A tutor-to-participant ratio of 1:3 was applied to ensure that each participant received sufficient supervision. In addition, the PE teacher from each participating school was on site to assist with the delivery of the intervention. All participants (in both groups) were not permitted to join other PA or obesity-related programmes.




2.3. Wait-List Control


The participants in the wait-list control group received no intervention. They were asked to remain their PA and eating habits and not to join any other programs aiming to reduce obesity and/or improve HRPF. After the completion of the study (i.e., from April to June 2022), all participants in the control group received the same intervention. In addition, the programme manual and other materials were shared with the four participating special schools.




2.4. Measurements


Obesity-related and HRPF-related outcomes were measured as primary outcomes, whilst systolic blood pressure and diastolic blood pressure were involved as secondary outcomes. Children’s background information, health-related behaviors (including PA, sedentary behavior, sleep, and eating) and pubertal stage were collected via questionnaire and used as control variables. All measurements were repeated three times at pre-intervention (T1), post-intervention (T2), and after the follow-up (T3). A detailed description was reported elsewhere [16].



In brief, obesity-related outcomes consisted of: (1) weight (kg), BMI (kg/m2), and body fat percentage (%), measured using a TANITA digital scale (TBF-410) and a height gauge (SECA 0123); (2) waist circumference (cm) and waist-to-height ratio (%), measured using a flexible metre ribbon. HRPF-related outcomes were assessed with the 6 min walk test (6MWT, m, for cardiopulmonary fitness), 30 s sit-to-stand test (repetitions, for muscular strength and endurance of lower limbs), 1 min sit-up test (repetitions, for abdominal muscular strength and endurance), handgrip strength test (kg, for muscular strength and endurance of hands and forearms), and sit-and-reach test (cm, for flexibility). Systolic blood pressure and diastolic blood pressure (mmHg) were measured using an Omron blood pressure monitor (HBP-9020) following a standard protocol. In terms of the control variables, PA (daily minutes) and sedentary behavior (daily hours) were measured using a modified Chinese version of the Global Physical Activity Questionnaire (GPAQ), sleep duration (daily hours) was asked in a typical week, eating habits were assessed with a dietary questionnaire developed by the Central Health Education Unit of Hong Kong for school-aged children, and the pubertal stage was estimated with an illustrated Tanner pubertal questionnaires [9,11,22,23,24]. Possible adverse effects induced by the PA interventions, such as injuries and eating disorders, were monitored and recorded during the 24-week study period.




2.5. Process Evaluation


The participants’ retention rate, adherence rate, and compliance with the intervention were assessed. In addition, parents and schoolteachers were asked about their satisfaction with the intervention, perceived effectiveness and usefulness of the intervention, future participation intention, and intention to recommend the intervention to others in a 5-point Likert questionnaire [25].




2.6. Data Analysis


SPSS 23.0 (IBM Corp, Armonk, NY, USA) was used for data analysis. Independent variables consisted of group (the between-subjects: IG and CG) and time (the within-subjects IV: T1, T2, and T3). Dependent variables included primary outcomes (obesity-related outcomes and fitness-related outcomes) and secondary outcomes (blood pressure). Control variables consisted of baseline outcomes and lifestyle confounders. Mean with standard deviation and number with percentage were used to describe the distribution of continuous and categorical variables respectively. Independent t-test and Fisher’s exact test were applied to test between-group differences in dependent variables and control variables at baseline respectively.



Within-group differences for each group across the three time-points (T1, T2, and T3) were examined respectively using one-way analysis of variance (ANOVA) for repeated measures. Whenever there was a violation in the sphericity assumption, the Greenhouse–Geisser correction was used. Post-hoc analysis using Bonferroni correction was carried out to explore the differences between T1 vs. T2, T1 vs. T3, and T2 vs. T3. Between-group differences in changes from T1 to T2 and T3 were examined separately using analysis of covariance (ANCOVA) [26]. Covariates in the analyses included (1) baseline outcome values; (2) lifestyle confounders, if any significant between-group differences were found at three-time points. According to guidelines of Cohen (1988), partial η2 = 0.01, 0.06, and 0.14 represent small, medium, and large effects respectively [27].





3. Results


A total of 42 children were assessed for eligibility and 12 of them were excluded. The remaining 30 participants were equally and randomly assigned to two groups and all of them completed the study (Figure 1).



Table 2 presents the characteristics of the participants at baseline. The mean age of the participants was 14.17 years (SD: 0.45 years) and most of them were male (n = 22, 73.33%), overweight (n = 23, 76.70%), and with mild and moderate ID levels (n = 24, 80.00%). Their BMI values at baseline ranged from 21.70 to 31.80 kg/m2 (Mean = 26.30 kg/m2, SD = 2.80 kg/m2). Few participants were living with autism (n = 4, 13.33%) and Down syndrome (n = 4, 13.33%). No other comorbidities existed among the participants. No significant difference between the two groups was observed at baseline.



3.1. Lifestyle Confounders of the Participants at Three-Time Points


The distribution of the lifestyle confounders at baseline, post-intervention, and post follow-up are listed in Appendix B. At baseline, most participants were physically inactive (n = 29, 96.67%), had sufficient sleep duration (n = 26, 86.67%), consumed insufficient fruit (n = 23, 76.67%), had less high-salt foods (n = 22, 73.33%), consumed more snacks (n = 25, 83.33%), and had breakfast everyday (n = 29, 96.67%). No significant between-group difference was found in any lifestyle confounder at any time point, except for puberty at T3 (p = 0.034, Fisher’s exact test). Thus, puberty was used as a covariate in the ANCOVA to examine between-group differences in the outcome variables.




3.2. Intervention Effects on Obesity-Related Outcomes


Table 3 presents the within-group changes in obesity-related outcomes from T1 to T2, T1 to T3, and T2 to T3 using one-way repeated measure ANOVA. Significant reductions in weight and BMI were found from T1 to T2 and from T1 to T3 in the IG (mean differences in weight: 1.00–1.10 kg, mean differences in BMI: 0.43–0.44 kg/m2), while their changes in the CG was insignificant (Table 3). In addition, significant increases in waist circumference, waist-to-height ratio, and body fat percentage were observed in the IG during the follow-up period (from T2 to T3), while comparisons in other time periods and those in the CG did not reach significance.



Table 4 shows the between-group changes in obesity-related outcomes at T2 and T3 (by ANCOVA). Similar to the results of the within-group analysis, significant reductions in weight (−1.15 kg and −1.10 kg) and BMI (−0.48 kg/m2 and −0.47 kg/m2) were found from T1 to T2 and T3 respectively. The between-group differences in other obesity-related changes were insignificant. Figure 2 illustrates the overall trends from T1 to T3 in obesity-related outcomes for both groups.




3.3. Intervention Effects on HRPF-Related Outcomes


Table 5 presents the within-group differences in HRPF-related outcomes at each time point, while Table 6 shows the between-group differences in HRPF-related outcomes at T2 and T3. In the IG, intervention induced improvements reached significance in 6MWT, 30 s sit-to-stand, 1 min sit-ups, and handgrip strength, which were retained after the follow-up, while changes in the sit-and-reach were insignificant. Results of the ANCOVA for between-group differences revealed similar results in 6MWT and 30 s sit-to-stand (i.e., significant and sustainable improvements), while the improvements in 1 min sit-ups became insignificant (at both T2 and T3) and significant improvement in handgrip strength (at T2) became unsustainable (at T3). Figure 3 presents mean values for all HRPF-related variables of both groups across the three time points.




3.4. Intervention Effects on Blood Pressure


Table 7 and Table 8 list the within-group differences and between-group differences in blood pressure respectively. No result achieved significance. The overall trends in the blood pressure for both groups are illustrated in Figure 4.




3.5. Adverse Effects


No participants reported adverse effects of the intervention during the entire study period.




3.6. Process Evaluation


The study had a retention rate of 100.00% and an overall attendance rate of 96.94%. Appendix C elaborates the attendance rate in each training session. Regarding the effectiveness, usefulness, and satisfaction of the programme, most parents/guardians (>80%) provided positive feedback (including “Agree” and “Strongly agree”), as shown in Appendix D. In addition, all four teachers (with one from each school) rated all items about effectiveness, arrangement, and staffing of the intervention positively and were willing to participate in the future and recommend it to other special schools (Appendix E).





4. Discussion


This study developed and evaluated a school-based PA intervention for reducing obesity-related indicators, improving HRPF levels, and reducing blood pressure in 30 overweight and obese children with ID. The intervention consisted of 24 60-min sessions delivered twice per week for 12 weeks. Both aerobic games and resistance training were offered in each session, with exercise intensity progressively increasing from moderate (40%HRR) to vigorous (70%HRR). The intervention was effective in reducing some obesity-related outcomes (including weight and BMI) and improving some HRPF-related outcomes (including the 6MWT and the 30 s sit-to-stand test), with the significant effects being sustained for 12 weeks after completion of the intervention, as shown in the ANCOVA results. Handgrip strength was significantly improved right after the intervention. However, the effect reduced and became insignificant after the follow-up. The intervention was ineffective in changing blood pressure. During the study period, no participant reported any adverse effects. In addition, the retention and attendance rates were high. Feedback regarding effectiveness and arrangement from parents and teachers was positive.



4.1. Obesity-Related Outcomes


The participants in the IG reported a significant reduction in weight and BMI at T2 compared with the participants in the CG. This finding is consistent with previous research, specifically with three studies evaluating the effects of similar short-term PA programmes on reducing weight and BMI in children with ID [18,28,29]. However, different from the three studies that used a training frequency of three or five sessions per week, we performed two sessions per week. This suggests that a training frequency as low as twice per week may be sufficient to reduce obesity. Previous research has suggested that participant retention and attendance may reduce along with frequency increase and high frequency is a risk factor for injuries [29]. Our results of the 100% retention rate, 96.9% attendance rate, and zero injuries lent support to this evidence. In addition, two [18,29] of the three studies followed a routine with higher vigorous exercise intensity (60–75%HRR) compared with this study (from moderate (40%HRR) to vigorous (70%HRR)). However, such a vigorous exercise routine is not recommended for children with ID, as this population typically has poor motor skills, which may constrain their exercise compliance, especially for inactive children and at the early stage of training [30]. Thus, studies with exercise intensity progressively improving, such as our study, may be safer and provide more health benefits for children with ID.



Apart from weight and BMI (the most widely used measures for obesity), other obesity-related outcomes (including waist circumference, waist-to-height ratio, and body fat percentage) were also included in this study to estimate the study effects on body fat distribution [31]. Although consistent reductions were observed in these central adiposity indicators, none of them reached statistical significance. This finding is also consistent with previous studies, which have attributed this non-significance to insufficient intervention duration [32]. Furthermore, the sample size of this study (N = 30) was estimated using BMI as the outcome, which may be insufficient to obtain significant reductions in these variables if their effect sizes are smaller than BMI. Thus, long-term interventions and those with a large sample size are warranted to examine the effects on these outcomes.




4.2. HRPF-Related Outcomes


In this study, cardiopulmonary fitness was examined by the 6MWT. Our findings suggest that the 12-week PA intervention can improve the 6MWT distance (partial η2 = 0.149), which is consistent with our previous findings from a systematic review and meta-analysis for children with ID [15]. In that systematic review and meta-analysis, seven out of eight PA interventions employing the 6MWT reported effective results on cardiopulmonary fitness [18,29,33,34,35,36,37] (partial η2 = 0.010–0.600). Among those reporting effective (including this study), the interventions with vigorous intensity (compared with moderate intensity), those following the progression principle (compared with constant intensity), and those combined aerobic and resistance training (compared with aerobic training only) tended to generate larger effect sizes (partial η2 > 0.14) [18,29,33,35].



Several tests were employed in this study to examine the intervention effects on muscular strength and endurance, of which significant improvements were achieved in the 30 s sit-to-stand test for lower limb strength and endurance and the handgrip strength test for upper limb strength and endurance, but not in the 1 min sit-ups test for abdominal muscular strength and endurance. To our best knowledge, there were three previous interventions for children with ID that employed the 30 s sit-to-stand test [18,29,38]. All of them revealed significant positive effects, with partial η2 ranging from 0.010 to 0.170 across the individual studies. Compared with those studies, we observed a larger effect (partial η2 = 0.244). The superior treatment effects in our study might be due to the progressive increments in the exercise intensity, which was not the case in those studies. Four interventions measured handgrip strength [18,29,35,37], while only one was reported effective (partial η2 = 0.0002) [18]. Our study achieved a large effect (partial η2 = 0.276). Considering the specificity principle of training, the significant improvement in handgrip strength in our study may be attributable to the involvement of exercises for the upper limbs (e.g., picking up bean bags and dribbling and throwing balls). We failed to observe a significant effect on abdominal muscular strength and endurance in the 1 min sit-up test, though significance was reached in changes in the IG without considering the control. The relatively small number of participants may play a role in the insignificant outcome. In addition, similar to this finding, three previous studies with the same 12-week intervention period as ours also reported it as ineffective [28,37,39]. Future interventions with a longer intervention duration than 12 weeks are therefore promising to obtain effective results in the 1 min sit-up test [40].



Flexibility, measured by the sit-and-reach test, was not significantly improved in this study. Findings from previous studies on this were mixed. In our previous systematic review and meta-analysis, only two out of six studies involving this test observed significant improvements [15]. The two studies differed in study designs and exercise protocols, and it is therefore impossible to recommend effective intervention elements for improving flexibility. However, it is possible that the studies with negative results (including our study) were not adequately focused on flexibility, which is something that future studies can rectify and explore.




4.3. Blood Pressure


Against our hypothesis, we did not observe any significant improvement in blood pressure. The effects of exercise on treating and preventing hypertension in populations without ID have been well established, with the recommended routine being moderately intense aerobic exercise for 30 min on most days supplemented by resistance training two to three days per week [41]. However, evidence in children with ID was scarce. We found only one previous study examining the intervention effect on blood pressure [33]. That study included two intervention groups, a sprint interval training group, and a continuous aerobic exercise group. Positive effects were achieved in the sprint interval training group only. As sprint interval training is an extremely effort-intensive [42], whether such a programme is practicable and sustainable for the population with ID remains under-researched.




4.4. Sustained Effects


In this study, the participants were followed up for 12 weeks to examine the sustained effects of the intervention. First, significant body weight and BMI reductions were maintained at the follow-up examination. These findings provide new insight into the sustained effects of PA intervention on obesity-related outcomes, as no previous research has examined this aspect. Such sustainability strengthens the intervention effects on reducing obesity in children with ID. Future studies are suggested to examine the sustained effects over a longer follow-up period. Secondly, the significantly improved cardiopulmonary fitness (indicated by distance covered in the 6MWT) and muscular strength and endurance of the lower limbs (indicated by complete repetitions in the 30 s sit-to-stand test) right after the intervention were also maintained after the follow-up. To date, two studies evaluated the sustained effects of PA interventions on cardiopulmonary fitness, one reporting positive results after a 24-week follow-up [43] and the other reporting no effect sustained after one year of follow-up [44]. No study evaluated the sustained effects on lower limb muscular strength and endurance. Based on the limited evidence, we suggest that the intervention induced improvements in HRPF measures would vanish over time. It is therefore of importance in future studies to consider how to maintain PA levels after the PA interventions, while those supported with school policy changes (e.g., providing more PE classes), those with parental engagement (e.g., doing exercise with parents), and those integrated with behavior change components (e.g., increasing exercise self-efficacy) may be promising. Given that the academic demands in special schools are not as high as in mainstream schools, PA interventions with school policy support are therefore superior.




4.5. Strengths and Limitations


The strengths of the study include (1) the intervention was developed based on findings from our systematic review and meta-analysis, aiming at identifying effective interventions for reducing obesity and improving HRPF in children with ID [15]; (2) the study achieved very high retention and attendance rates. The use of fun aerobic games may have improved the children’s motivation for participation, which also contributed to the high retention and attendance rates; (3) the intervention contents were evaluated by experts before implementation, which ensured rationality, suitability, and operability of the study; (4) puberty and lifestyle confounders were considered in this study, and their possible effects on the study outcomes were therefore ruled out; (5) the RCT design ensured the validity of the study results.



However, the study has the following limitations: (1) the sample size, estimated using BMI, was small. Thus, it may not be sufficient for other outcomes, and therefore limited the power to identify significant differences in changes in those outcomes; (2) the confounding variables (e.g., moving habits, eating habits) were collected via a questionnaire, which may have resulted in report bias and recall bias; (3) some medication may act as a risk factor of weight gain [45]. However, we did not collect this information, and therefore could not know its influences on obesity-related effects. (4) The study population was Chinese children with ID. As a result, our findings may not be generalized to non-Chinese populations.





5. Conclusions


The 12-week PA intervention was found effective in reducing the degree of obesity in children with ID, as weight and BMI in the IG decreased significantly compared with the CG. These effects were sustained 12 weeks after the intervention. In addition, the intervention effectively improved cardiopulmonary fitness, lower limb muscular strength and endurance, and hand and forearm strength, while only the effect on hand and forearm strength did not sustain at the follow-up evaluation. Moreover, the intervention was ineffective on blood pressure. Overall, this study provides practicable evidence for reducing obesity and improving HRPF in children with ID. Future PA interventions with large sample sizes, specifically designed for study objectives, and supported by school policy changes are suggested to elucidate for this special population.
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Table A1. CONSORT 2010 checklist.






Table A1. CONSORT 2010 checklist.





	
Section/Topic

	
Item No

	
Checklist Item

	
Reported on Page No






	
Title and abstract




	

	
1a

	
Identification as a randomised trial in the title

	
P1. Title




	
1b

	
Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts)

	
P1. Abstract




	
Introduction




	
Background and objectives

	
2a

	
Scientific background and explanation of rationale

	
P1–2. Introduction




	
2b

	
Specific objectives or hypotheses

	
P1–2. Introduction




	
Methods




	
Trial design

	
3a

	
Description of trial design (such as parallel, factorial) including allocation ratio

	
P2. Study design and participant




	
3b

	
Important changes to methods after trial commencement (such as eligibility criteria), with reasons

	
P2. Study design and participant




	
Participants

	
4a

	
Eligibility criteria for participants

	
P2. Study design and participant




	
4b

	
Settings and locations where the data were collected

	
P2. Study design and participant




	
Interventions

	
5

	
The interventions for each group with sufficient details to allow replication, including how and when they were actually administered

	
P3. Intervention




	
Outcomes

	
6a

	
Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed

	
P3–4. Measurements




	
6b

	
Any changes to trial outcomes after the trial commenced, with reasons

	
N/A




	
Sample size

	
7a

	
How sample size was determined

	
P2. Study design and participant




	
7b

	
When applicable, explanation of any interim analyses and stopping guidelines

	
N/A




	
Randomisation:

	

	

	




	
 Sequence generation

	
8a

	
Method used to generate the random allocation sequence

	
P2. Study design and participant




	
8b

	
Type of randomisation; details of any restriction (such as blocking and block size)

	
P2. Study design and participant




	
 Allocation concealment mechanism

	
9

	
Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the sequence until interventions were assigned

	
P2. Study design and participant




	
Implementation

	
10

	
Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions

	
P2. Study design and participant




	
Blinding

	
11a

	
If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how

	
P2. Study design and participant




	
11b

	
If relevant, description of the similarity of interventions

	
N/A




	
Statistical methods

	
12a

	
Statistical methods used to compare groups for primary and secondary outcomes

	
P4. Data analysis




	
12b

	
Methods for additional analyses, such as subgroup analyses and adjusted analyses

	
P4. Data analysis




	
Results




	
Participant flow (a diagram is strongly recommended)

	
13a

	
For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome

	
P4–5. Results




	
13b

	
For each group, losses and exclusions after randomisation, together with reasons

	
P4–5. Results




	
Recruitment

	
14a

	
Dates defining the periods of recruitment and follow-up

	
P4–5. Results




	
14b

	
Why the trial ended or was stopped

	
N/A




	
Baseline data

	
15

	
A table showing baseline demographic and clinical characteristics for each group

	
Table 2




	
Numbers analysed

	
16

	
For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups

	
Figure 1




	
Outcomes and estimation

	
17a

	
For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)

	
P6–13. Results




	
17b

	
For binary outcomes, presentation of both absolute and relative effect sizes is recommended

	
N/A




	
Ancillary analyses

	
18

	
Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory

	
N/A




	
Harms

	
19

	
All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

	
N/A




	
Discussion




	
Limitations

	
20

	
Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses

	
P16. Discussion




	
Generalisability

	
21

	
Generalisability (external validity, applicability) of the trial findings

	
P16–17. Conclusion




	
Interpretation

	
22

	
Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

	
P14–16. Discussion




	
Other information

	




	
Registration

	
23

	
Registration number and name of trial registry

	
P2. Study design and participants




	
Protocol

	
24

	
Where the full trial protocol can be accessed, if available

	
P18. References




	
Funding

	
25

	
Sources of funding and other support (such as supply of drugs), role of funders

	
P17. Funding
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Table A2. Lifestyle confounders of the participants at T1, T2, and T3.






Table A2. Lifestyle confounders of the participants at T1, T2, and T3.





	
Variable, n (%)

	
T1 1

	
T2 2

	
T3 3




	
Total,

N = 30

	
IG 4, n = 15

	
CG 5, n = 15

	
p6

	
Total, N = 30

	
IG, n = 15

	
CG, n = 15

	
p

	
Total, N = 30

	
IG, n = 15

	
CG, n = 15

	
p






	
Subjective PA 7 level

MVPA 8 ≥ 60 mins/day

MVPA < 60 mins/day

	


1 (3.3)

29 (96.7)

	


0 (0.0)

15 (100.0)

	


1 (6.6)

14 (93.3)

	


1.000

	


5 (16.7)

25 (83.3)

	


4 (26.7)

11 (73.3)

	


1 (6.7)

14 (93.3)

	


0.330

	


6 (20.0)

24 (80.0)

	


1 (6.7)

14 (93.3)

	


5 (33.3)

10 (66.7)

	


0.169




	
Sedentary behavior

  <4 h/day

  ≥4 h/day

	


15 (50.0)

15 (50.0)

	


7 (46.7)

8 (53.3)

	


8 (53.3)

7 (46.7)

	


1.000

	


21 (70.0)

9 (30.0)

	


9 (60.0)

6 (40.0)

	


12 (80.0)

3 (20.0)

	


0.427

	


20 (66.7)

10 (33.3)

	


9 (60.0)

6 (40.0)

	


11 (73.3)

4 (26.7)

	


0.700




	
Sleep duration

≥8 h/day

<8 h/day

	


26 (86.7)

4 (13.3)

	


14 (93.3)

1 (6.7)

	


12 (80.0)

3 (20.0)

	


0.598

	


26 (86.7)

4 (13.3)

	


12 (80.0)

3 (20.0)

	


14 (93.3)

1 (6.7)

	


0.598

	


29 (96.7)

1 (3.3)

	


14 (93.3)

1 (6.7)

	


15 (100.0)

0 (0.0)

	


1.000




	
Puberty

  Stage 1

  Stage 2

  Stage 3

  Stage 4

  Stage 5

	


4 (13.3)

3 (10.0)

8 (26.7)

8 (26.7)

7 (23.3)

	


0 (0.0)

2 (13.3)

5 (33.3)

6 (40.0)

2 (13.3)

	


4 (26.7)

1 (6.7)

3 (20.0)

2 (13.3)

5 (33.3)

	


0.087

	


4 (13.3)

2 (6.3)

8 (26.7)

9 (30.0)

7 (23.3)

	


0 (0.0)

1 (6.7)

6 (40.0)

6 (40.0)

2 (13.3)

	


4 (26.7)

1 (6.7)

2 (13.3)

3 (20.0)

5 (33.3)

	


0.082

	


4 (13.3)

1 (3.3)

10 (33.3)

8 (26.7)

7 (23.3)

	


0 (0.0)

0 (0.0)

8 (53.3)

5 (33.3)

2 (13.3)

	


4 (26.7)

1 (6.7)

2 (13.3)

3 (20.0)

5 (33.3)

	


0.034




	
Fruit consumption

≥2 times/day

<2 times/day

	


7 (23.3)

23 (76.7)

	


3 (20.0)

12 (80.0)

	


4 (26.7)

11 (73.3)

	


1.000

	


8 (26.7)

22 (73.3)

	


4 (26.7)

11 (73.3)

	


4 (26.7)

11 (73.3)

	


1.000

	


5 (16.7)

25 (83.3)

	


2 (13.3)

13 (86.7)

	


3 (20.0)

12 (80.0)

	


1.000




	
Vegetable

≥2 times/day

<2 times/day

	


20 (66.7)

10 (33.3)

	


10 (66.7)

5 (33.3)

	


10 (66.7)

5 (33.3)

	


1.000

	


29 (96.7)

1 (3.3)

	


14 (93.3)

1 (6.7)

	


15 (100.0)

0 (0.0)

	


1.000

	


29 (96.7)

1 (3.3)

	


14 (93.3)

1 (6.7)

	


15 (100.0)

0 (0.0)

	


1.000




	
Meats, fish, eggs

≥1 time/day

<1 time/day

	


28 (93.3)

2 (6.7)

	


14 (93.3)

1 (6.7)

	


14 (93.3)

1 (6.7)

	


1.000

	


29 (96.7)

1 (3.3)

	


14 (93.3)

1 (6.7)

	


15 (100.0)

0 (0.0)

	


1.000

	


28 (93.3)

2 (6.7)

	


15 (0.0)

0 (0.0)

	


13 (86.7)

2 (13.3)

	


0.483




	
Fried food

<1 time/day

≥1 time/day

	


16 (53.3)

14 (46.7)

	


10 (66.7)

5 (33.3)

	


6 (40.0)

9 (60.0)

	


0.272

	


19 (63.3)

11 (36.7)

	


11 (73.3)

4 (26.7)

	


8 (53.3)

7 (46.7)

	


0.450

	


21 (70.0)

9 (30.0)

	


10 (66.7)

5 (33.3)

	


11 (73.3)

4 (26.7)

	


1.000




	
Sweetened beverages

<1 time/day

≥1 time/day

	


18 (60.0)

12 (40.0)

	


11 (73.3)

4 (26.7)

	


7 (46.7)

8 (53.3)

	


0.264

	


17 (56.7)

13 (43.3)

	


8 (53.3)

7 (46.7)

	


9 (60.0)

6 (40.0)

	


1.000

	


23 (76.7)

7 (23.3)

	


12 (80.0)

3 (20.0)

	


11 (73.3)

4 (26.7)

	


1.000




	
High-sugar foods

<1 time/day

≥1 time/day

	


18 (60.0)

12 (40.0)

	


10 (66.7)

5 (33.3)

	


8 (53.3)

7 (46.7)

	


0.710

	


17 (56.7)

13 (43.3)

	


9 (60.0)

6 (40.0)

	


8 (53.3)

7 (46.7)

	


1.000

	


15 (50.0)

15 (50.0)

	


6 (40.0)

9 (60.0)

	


9 (60.0)

6 (40.0)

	


0.466




	
High-salt foods

<1 time/day

≥1 time/day

	


22 (73.3)

8 (26.7)

	


12 (80.0)

3 (20.0)

	


10 (66.7)

5 (33.3)

	


0.682

	


21 (70.0)

9 (30.0)

	


11 (73.3)

4 (26.7)

	


10 (66.7)

5 (33.3)

	


1.000

	


21 (70.0)

9 (30.0)

	


11 (73.3)

4 (26.7)

	


10 (66.7)

5 (33.3)

	


1.000




	
High-fat foods

<1 time/day

≥1 time/day

	


17 (56.7)

13 (43.3)

	


9 (60.0)

6 (40.0)

	


8 (53.3)

7 (46.7)

	


1.000

	


19 (63.3)

11 (36.7)

	


10 (66.7)

5 (33.3)

	


9 (60.0)

6 (40.0)

	


1.000

	


19 (63.3)

11 (36.7)

	


10 (66.7)

5 (33.3)

	


9 (60.0)

6 (40.0)

	


1.000




	
Snack consumption

<1 time/day

≥1 time/day

	


5 (16.7)

25 (83.3)

	


4 (26.7)

11 (73.3)

	


1 (6.7)

14 (93.3)

	


0.330

	


9 (30.0)

21 (70.0)

	


6 (40.0)

9 (60.0)

	


3 (20.0)

12 (80.0)

	


0.427

	


6 (20.0)

24 (80.0)

	


5 (33.3)

10 (66.7)

	


1 (6.7)

14 (93.3)

	


0.169




	
Breakfast everyday

  Yes

  No

	


29 (96.7)

1 (3.3)

	


14 (93.3)

1 (6.7)

	


15 (100.0)

0 (0.0)

	


1.000

	


28 (93.3)

2 (6.7)

	


13 (86.7)

2 (13.3)

	


15 (100.0)

0 (0.0)

	


0.483

	


26 (86.7)

4 (13.3)

	


12 (80.0)

3 (20.0)

	


14 (93.3)

1 (6.7)

	


0.598




	
Milk consumption

≥1 time/day

<1 time/day

	


10 (33.3)

20 (66.7)

	


4 (26.7)

11 (73.3)

	


6 (40.0)

9 (60.0)

	


0.700

	


10 (33.3)

20 (66.7)

	


4 (26.7)

11 (73.3)

	


6 (40.0)

9 (60.0)

	


0.700

	


10 (33.3)

20 (66.7)

	


4 (26.7)

11 (73.3)

	


6 (40.0)

9 (60.0)

	


0.700








Note.1 T1, pre-intervention; 2 T2, post-intervention; 3 T3, follow-up; 4 IG, intervention group; 5 CG, wait-list control group; 6 To detect between-group differences, Fisher’s exact test was performed for all lifestyle confounders (categorical variables); 7 PA, physical activity; 8 MVPA, moderate to vigorous physical activity; Bold text indicates significant results.
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Table A3. Attendance rate of the 12-week physical activity program.






Table A3. Attendance rate of the 12-week physical activity program.





	
Training Period

(week)

	
Session

	
Except Number of Attendants

	
Actual Number of Attendants

	
Attendance Rate

%






	
Stage 1

(First 4-week)

	
1

	
15

	
15

	
100.0




	
2

	
15

	
14

	
93.3




	
3

	
15

	
15

	
100.0




	
4

	
15

	
15

	
93.3




	
5

	
15

	
14

	
93.3




	
6

	
15

	
13

	
86.7




	
7

	
15

	
15

	
100.0




	
8

	
15

	
15

	
100.0




	
Average attendance rate at Stage 1

	
96.7




	
Stage 2

(Second 4-week)

	
9

	
15

	
14

	
93.3




	
10

	
15

	
13

	
86.7




	
11

	
15

	
15

	
100.0




	
12

	
15

	
15

	
100.0




	
13

	
15

	
15

	
100.0




	
14

	
15

	
14

	
93.3




	
15

	
15

	
14

	
93.33




	
16

	
15

	
15

	
100.0




	
Average attendance rate at Stage 2

	
95.8




	
Stage 3

(Third 4-week)

	
17

	
15

	
15

	
100.0




	
18

	
15

	
15

	
100.0




	
19

	
15

	
15

	
100.0




	
20

	
15

	
15

	
100.0




	
21

	
15

	
14

	
93.3




	
22

	
15

	
15

	
100.0




	
23

	
15

	
14

	
93.3




	
24

	
15

	
15

	
100.0




	
Average attendance rate at Stage 3

	
98.3




	
Overall attendance rate

	
96.9
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Table A4. Parental feedback on the effectiveness, usefulness, and satisfaction of the 12-week physical activity programme (n = 15).






Table A4. Parental feedback on the effectiveness, usefulness, and satisfaction of the 12-week physical activity programme (n = 15).





	
How Do You Think about the 12-week PA Program?

	
Strongly Disagree

	
Disagree

	
Not Sure

	
Agree

	
Strongly Agree






	
Effectiveness, n (%)




	

	1.

	
It is effective for reducing my child’s weight.







	
0

(0.0)

	
2

(13.3)

	
1

(6.7)

	
10 (66.7)

	
2

(13.3)




	

	2.

	
It is effective for improving my child’s health-related physical fitness level.







	
0

(0.0)

	
0

(0.0)

	
3

(20.0)

	
11 (73.3)

	
1

(6.7)




	

	3.

	
It is effective for reducing my child’s blood pressure.







	
0

(0.0)

	
0

(0.0)

	
4

(26.7)

	
7

(46.7)

	
1

(6.7)




	
Usefulness, n (%)




	

	4.

	
It is important to reduce my child’s weight.







	
0

(0.0)

	
1

(6.7)

	
1

(6.7)

	
11 (73.3)

	
2

(13.3)




	

	5.

	
It is important to improve my child’s health-related physical fitness level.







	
0

(0.0)

	
0

(0.0)

	
3

(20.0)

	
11 (73.3)

	
1

(6.7)




	

	6.

	
It is important to reduce my child’s blood pressure.







	
0

(0.0)

	
0

(0.0)

	
2

(13.3)

	
12 (80.0)

	
1

(6.7)




	
Satisfaction, n (%)




	

	7.

	
Overall, I am satisfied with the 12-week PA program.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
12 (80.0)

	
3

(20.0)
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Table A5. Teachers’ feedback on the effectiveness, arrangement, and staffing of the 12-week physical activity programme (n = 4).






Table A5. Teachers’ feedback on the effectiveness, arrangement, and staffing of the 12-week physical activity programme (n = 4).





	
How Do You Think about the 12-week PA program?

	
Strongly Disagree

	
Disagree

	
Not Sure

	
Agree

	
Strongly Agree






	
Effectiveness, n (%)




	

	1.

	
It is effective for reducing students’ weight.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	

	2.

	
It is effective for improving students’ health-related physical fitness level.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	

	3.

	
It is effective for reducing students’ blood pressure.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	
Arrangement, n (%)




	

	4.

	
I’m satisfied with the whole arrangement of the PA sessions.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	

	5.

	
I’m satisfied with the whole arrangement of the measurements.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
1

(25.0)

	
3

(75.0)




	
Staffing, n (%)




	

	6.

	
I’m satisfied with the staffing of the PA sessions.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	

	7.

	
I’m satisfied with the staffing of the measurements.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
1

(25.0)

	
3

(75.0)




	
Willingness to participate it in the future, n (%)




	

	8.

	
If possible, our school would like to continue participate it.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)




	
Willingness to recommend it to others, n (%)




	

	9.

	
I would like to recommend it to other special schools.







	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
0

(0.0)

	
4

(100.0)











References


	



Catley, M.J.; Tomkinson, G.R. Normative health-related fitness values for children: Analysis of 85347 test results on 9–17-year-old Australians since 1985. Br. J. Sports Med. 2013, 47, 98–108. [Google Scholar] [CrossRef] [PubMed]

	



American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription, 11th ed.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2018. [Google Scholar]

	



World Health Organization (WHO). Ending Childhood Obesity Implementation Plan; World Health Organization: Geneva, Switzerland, 2017; Volume 1, p. 52. [CrossRef]

	



Harriger, J.A.; Thompson, J.K. Psychological consequences of obesity: Weight bias and body image in overweight and obese youth. Int. Rev. Psychiatry 2012, 24, 247–253. [Google Scholar] [CrossRef] [PubMed]

	



Rodgers, J.L.; Jones, J.; Bolleddu, S.I.; Vanthenapalli, S.; Rodgers, L.E.; Shah, K.; Karia, K.; Panguluri, S.K. Cardiovascular Risks Associated with Gender and Aging. J. Cardiovasc. Dev. Dis. 2019, 6, 19. [Google Scholar] [CrossRef] [PubMed]

	



Pedersen, B.K. Body mass index-independent effect of fitness and physical activity for all-cause mortality. Scand. J. Med. Sci. Sports 2007, 17, 196–204. [Google Scholar] [CrossRef]

	



Wouters, M.; Evenhuis, H.M.; Hilgenkamp TI, M. Physical fitness of children and adolescents with moderate to severe intellectual disabilities. Disabil. Rehabil. 2019, 42, 2542–2552. [Google Scholar] [CrossRef]

	



Maïano, C.; Hue, O.; Morin, A.S.; Moullec, G. Prevalence of overweight and obesity among children and adolescents with intellectual disabilities: A systematic review and meta-analysis. Obes. Rev. 2016, 17, 599–611. [Google Scholar] [CrossRef]

	



Wang, J.; Gao, Y.; Kwok, H.H.; Huang, W.Y.; Li, S.; Li, L. Children with Intellectual Disability Are Vulnerable to Overweight and Obesity: A Cross-Sectional Study among Chinese Children. Child. Obes. 2018, 14, 316–326. [Google Scholar] [CrossRef]

	



Yuan, Y.Q.; Liu, Y.; Wang, M.J.; Hou, X.; Zhang, S.H.; Wang, X.L.; Roswal, G. Prevalence of overweight and obesity in children and adolescents with intellectual disabilities in China. J. Intell. Disabil. Res. 2021, 65, 655–665. [Google Scholar] [CrossRef]

	



Sun, Y.; Supriya, R.; Gao, Y.; Tao, D.; Yu, S.; Wang, A.; Chan, H.C.-K.; Ou, X.; Wang, J.; Baker, J.S. Hypertension and Associated Risk Factors among Children with Intellectual Disability: A Cross-Sectional Study. Nutrients 2022, 14, 3127. [Google Scholar] [CrossRef]

	



Papoutsou, S.; Briassoulis, G.; Wolters, M.; Peplies, J.; Iacoviello, L.; Eiben, G.; Veidebaum, T.; Molnar, D.; Russo, P.; Michels, N. No Breakfast at Home: Association to Cardiovascular Disease Risk Factors in Childhood. Int. J. Public Health 2016, 68, 829–834. [Google Scholar] [CrossRef]

	



Hartman, E.; Houwen, S.; Scherder, E.; Visscher, C. On the relationship between motor performance and executive functioning in children with intellectual disabilities. J. Intellect. Disabil. Res. 2010, 54, 468–477. [Google Scholar] [CrossRef] [PubMed]

	



Harris, L.; Hankey, C.; Murray, H.; Melville, C. The effects of physical activity interventions on preventing weight gain and the effects on body composition in young adults with intellectual disabilities: Systematic review and meta-analysis of randomized controlled trials. Clin. Obes. 2015, 5, 198–210. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.; Gao, Y.; Wang, J.; Brown, T.J.; Sun, Y.; Yu, S.; Tong, T.K.; Zhong, L.L.D.; Fong, S.S.M.; Dutheil, F.; et al. Interventions for health-related physical fitness and overweight and obesity in children with intellectual disability: Systematic review and meta-analysis. J. Appl. Res. Intellect. Disabil. 2022, 35, 1073–1087. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.; Gao, Y.; Wang, J.; Tong, T.K.; Sun, Y.; Yu, S.; Zhao, H.; Zou, D.; Zhang, Z.; Qi, Y.; et al. Effects of a school-based physical activity intervention for obesity and health-related physical fitness in adolescents with intellectual disability: Protocol for a randomized controlled trial. JMIR Res. Protoc. 2021, 10, e25838. [Google Scholar] [CrossRef] [PubMed]

	



Schulz, K.F.; The CONSORT Group; Altman, D.G.; Moher, D. CONSORT 2010 statement: Updated guidelines for reporting parallel group randomised trials. J. Pharmacol. Pharmacother. 2010, 1, 100–107. [Google Scholar] [CrossRef] [PubMed]

	



Elmahgoub, S.M.; Lambers, S.; Stegen, S.; Van Laethem, C.; Cambier, D.; Calders, P. The influence of combined exercise training on indices of obesity, physical fitness and lipid profile in overweight and obese adolescents with mental retardation. Eur. J. Pediatrics 2009, 168, 1327–1333. [Google Scholar] [CrossRef]

	



González-Agüero, A.; Matute-Llorente, Á.; Gómez-Cabello, A.; Casajús, J.A.; Vicente-Rodríguez, G. Effects of whole body vibration training on body composition in adolescents with Down syndrome. Res. Dev. Disabil. 2013, 34, 1426–1433. [Google Scholar] [CrossRef]

	



Kim, J.; Shin, W. How to do random allocation (randomization). Clin. Orthop. Surg. 2014, 6, 103–109. [Google Scholar] [CrossRef]

	



Fernhall, B.; McCubbin, J.A.; Pitetti, K.H.; Rintala, P.; Rimmer, J.H.; Millar, A.L.; De Silva, A. Prediction of maximal heart rate in individuals with mental retardation. Med. Sci. Sports Exerc. 2001, 33, 1655–1660. [Google Scholar] [CrossRef]

	



Yu, S.; Gao, Y.; Wang, A.; Sun, Y.; Wang, J.; Kwok, H.H.M.; Wu, S.; Lam, C.K.; Tao, E.D.; Jiao, J.J.; et al. Effectiveness of an adapted physical activity intervention for weight management in adolescents with intellectual disability: A randomized controlled trial. Pediatric Obes. 2022, 17, e12882. [Google Scholar] [CrossRef]

	



Walker, I.V.; Smith, C.R.; Davies, J.H.; Inskip, H.M.; Baird, J. Methods for determining pubertal status in research studies: Literature review and opinions of experts and adolescents. J. Dev. Orig. Health Dis. 2020, 11, 168–187. [Google Scholar] [CrossRef] [PubMed]

	



Roberts, C. Tanner’s Puberty Scale: Exploring the historical entanglements of children, scientific photography and sex. Sexualities 2016, 19, 328–346. [Google Scholar] [CrossRef]

	



Gao, Y.; Wang, J.; Huang, W.Y.; Wang, A.; Qu, G. Report 1: Effectiveness of an adapted physical activity programme on weight management in adolescents with intellectual disability in Hong Kong: A cluster randomized controlled trial. In APHA’s 2019 Annual Meeting and Expo (Nov. 2–Nov. 6); American Public Health Association: Washington, DC, USA, 2019. [Google Scholar]

	



Wang, J.J.; Baranowski, T.; Lau, P.W.; Buday, R.; Gao, Y. Story immersion may be effective in promoting diet and physical activity in Chinese children. J. Nutr. Educ. Behav. 2017, 49, 321–329. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, J.W. Statistical Power and Analysis for the Behavior Sciences, 2nd ed; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988. [Google Scholar]

	



Wu, W.L.; Yang, Y.F.; Chu, I.H.; Hsu, H.T.; Tsai, F.H.; Liang, J.M. Effectiveness of a cross-circuit exercise training program in improving the fitness of overweight or obese adolescents with intellectual disability enrolled in special education schools. Res. Dev. Disabil. 2017, 60, 83–95. [Google Scholar] [CrossRef]

	



Elmahgoub, S.S.; Calders, P.; Lambers, S.; Stegen, S.M.; Van Laethem, C.; Cambier, D.C. The effect of combined exercise training in adolescents who are overweight or obese with intellectual disability: The role of training frequency. J. Strength Cond. Res./Natl. Strength Cond. Assoc. 2011, 25, 2274–2282. [Google Scholar] [CrossRef]

	



Chan, Y.S.; Jang, J.T.; Ho, C.S. Effects of physical exercise on children with attention deficit hyperactivity disorder. Biomed. J. 2022, 45, 265–270. [Google Scholar] [CrossRef]

	



Braunerová, R.T.; Kunešová, M.; Heinen, M.M.; Rutter, H.; Hassapidou, M.; Duleva, V.; Pudule, I.; Petrauskienė, A.; Sjöberg, A.; Lissner, L.; et al. Waist circumference and waist-to-height ratio in 7-year-old children—WHO Childhood Obesity Surveillance Initiative. Obes. Rev. 2021, 22, e13208. [Google Scholar] [CrossRef]

	



Yilmaz, I.; Ergun, N.; Heper, F.; Knoukman, F.; Zorba, E. Effects of an aquatic exercise and swimming program on the body composition and under working capacity of mentally retarded children. Res. Q. Exerc. Sport 2003, 74, 33–44. Available online: https://hdl.handle.net/11421/22393 (accessed on 15 June 2021).

	



Boer, P.-H.; Meeus, M.; Terblanche, E.; Rombaut, L.; De Wandele, I.; Hermans, L.; Gysel, T.; Ruige, J.; Calders, P. The influence of sprint interval training on body composition, physical and metabolic fitness in adolescents and young adults with intellectual disability: A randomized controlled trial. Clin. Rehabil. 2014, 28, 221–231. [Google Scholar] [CrossRef]

	



Stanišić, Z.; Kocić, M.; Aleksandrović, M.; Stanković, N.; Radovanović, D. The effects of an adapted basketball training program on the physical fitness of adolescents with mental retardation: A pilot study. Serb. J. Exp. Clin. Res. 2012, 13, 103–107. [Google Scholar] [CrossRef]

	



Stanish, H.I.; Temple, V.A. Efficacy of a peer-guided exercise programme for adolescents with intellectual disability. J. Appl. Res. Intellect. Disabil. 2012, 25, 319–328. [Google Scholar] [CrossRef]

	



Kocić, M.; Bojic, I.; Aleksandrovic, M.; Ignjatovic, A.; Radovanović, D. Physical Activity in Adolescent with Mental Retardation: Is Adapted Basketball Training Adequate Stimulus to Improve Cardiorespiratory Fitness and Sport Skills Performance? Acta Fac. Med. Naissensis 2017, 34, 159–168. [Google Scholar] [CrossRef]

	



Kong, Z.; Sze, T.-M.; Yu, J.J.; Loprinzi, P.D.; Xiao, T.; Yeung, A.S.; Li, C.; Zhang, H.; Zou, L. Tai chi as an alternative exercise to improve physical fitness for children and adolescents with intellectual disability. Int. J. Environ. Res. Public Health 2019, 16, 1152. [Google Scholar] [CrossRef] [PubMed]

	



Lee, K.; Lee, M.; Song, C. Balance training improves postural balance, gait, and functional strength in adolescents with intellectual disabilities: Single-blinded, randomized clinical trial. Disabil. Health J. 2016, 9, 416–422. [Google Scholar] [CrossRef] [PubMed]

	



Haney, K.; Messiah, S.E.; Arheart, K.L.; Hanson, E.; Diego, A.; Kardys, J.; Kirwin, K.; Nottage, R.; Ramirez, S.; Somarriba, G.; et al. Park-based afterschool program to improve cardiovascular health and physical fitness in children with disabilities. Disabil. Health J. 2014, 7, 335–342. [Google Scholar] [CrossRef]

	



Messiah, S.E.; D’Agostino, E.M.; Patel, H.H.; Hansen, E.; Mathew, M.S.; Arheart, K.L. Changes in cardiovascular health and physical fitness in ethnic youth with intellectual disabilities participating in a park-based afterschool programme for two years. J. Appl. Res. Intellect. Disabil. 2019, 32, 1478–1489. [Google Scholar] [CrossRef]

	



Halm, J.; Amoako, E. Physical Activity Recommendation for Hypertension Management. Ethn. Dis. 2008, 18, 278–282. [Google Scholar]

	



Sloth, M.; Sloth, D.; Overgaard, K.; Dalgas, U. Effects of sprint interval training on VO2max and aerobic exercise performance: A systematic review and meta-analysis. Scand. J. Med. Sci. Sports 2013, 23, 341–352. [Google Scholar] [CrossRef]

	



Hinckson, E.A.; Dickinson, A.; Water, T.; Sands, M.; Penman, L. Physical activity, dietary habits and overall health in overweight and obese children and youth with intellectual disability or autism. Res. Dev. Disabil. 2013, 34, 1170–1178. [Google Scholar] [CrossRef]

	



Lotan, M.; Isakov, E.; Kessel, S.; Merrick, J. Physical Fitness and Functional Ability of Children with Intellectual Disability: Effects of a Short-Term Daily Treadmill Intervention. Sci. World J. 2004, 4, 449–457. [Google Scholar] [CrossRef]

	



Patten, S.B.; Williams, J.V.; Lavorato, D.H.; Brown, L.; McLaren, L.; Eliasziw, M. Major depression, antidepressant medication and the risk of obesity. Psychother. Psychosom. 2009, 78, 182–186. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 19 12015 g001 550] 





Figure 1. Participant flow diagram in CONSORT format. 
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Figure 2. Changes in obesity-related outcomes across the three-time points. 
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Figure 3. Changes in HRPF-related outcomes across the three-time points. 
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Figure 4. Changes in blood pressure across the three-time points. 
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Table 1. Equations for calculating target exercise heart rate [21].






Table 1. Equations for calculating target exercise heart rate [21].





	No.
	Equation





	(1)
	Exercise HR 1 (beats/min) = Target% × HRR 2 + HRrest 3



	(2)
	HRR (beats/min) = HRmax − HRrest



	(3)
	HRmax 4 (beats/min) = 210 − 0.56 × age (in years) − 15.5 (Down syndrome)

Down syndrome coded as 2; non-Down syndrome coded as 1







Note. 1 HR, heart rate; 2 HRR, heart rate reserve; 3 HRrest, resting heart rate; 4 HRmax, maximal heart rate.
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Table 2. Participant characteristics at baseline.
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	Variable
	Total

N = 30
	IG 1

n = 15
	CG 2

n = 15
	p3





	Age (range 12–18 years), Mean ± SD 4
	14.17 ± 0.45
	14.60 ± 2.20
	13.73 ± 1.44
	0.212



	Gender, n (%)

- Male

- Female
	

22 (73.3)

8 (26.7)
	

9 (60.0)

6 (40.0)
	

13 (86.7)

2 (13.3)
	0.215



	BMI (range 21.70–31.80 kg/m2), Mean ± SD 4
	26.30 ± 2.80
	26.37 ± 2.74
	26.24 ± 2.95
	0.745



	BMI category, n (%)

- Overweight

- Obesity
	

23 (76.7)

7 (23.3)
	

12 (80.0)

3 (20.0)
	

11 (73.3)

4 (26.7)
	1.000





	ID level, n (%)

- Mild

- Moderate

- Severe
	

14 (46.7)

10 (33.3)

6 (20.0)
	

7 (46.7)

6 (40.0)

2 (13.3)
	

7 (46.7)

4 (26.7)

4 (26.7)
	

0.580





	Comorbidity, n (%)
	
	
	
	



	- Autism Spectrum Disorder

 ✓ Yes

 ✓ No
	

4 (13.3)

26 (86.7)
	

2 (13.3)

13 (86.7)
	

2 (13.3)

13 (86.7)
	1.000





	- Down Syndrome

 ✓ Yes

 ✓ No
	

4 (13.3)

26 (86.7)
	

3 (20.0)

12 (80.0)
	

1 (6.7)

14 (93.3)
	0.598





	Special school, n (%)
	
	
	
	



	- 1
	7 (23.3)
	4 (26.7)
	3 (20.0)
	0.923



	- 2
	8 (26.7)
	4 (26.7)
	4 (26.7)
	



	- 3
	7 (23.3)
	4 (26.7)
	3 (20.0)
	



	- 4
	8 (26.7)
	3 (20.0)
	5 (33.3)
	







Note. 1 IG, intervention group; 2 CG, wait-list control group; 3 To detect between-group differences, independent sample t-test was performed for continuous variables and Fisher’s exact test was performed for categorical variables; 4 SD, standard deviation.
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Table 3. Within-group differences in obesity-related outcomes.
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Outcome

	
Change from T1 1 to T2 2

(T2–T1)

	
Change from T1 to T3 3

(T3–T1)

	
Change from T2 to T3

(T3–T2)




	
Mean Difference (95%CI) 4

	
p5

	
Mean Difference (95%CI)

	
p

	
Mean Difference (95%CI)

	
p






	
Weight (kg)

- IG 6

- CG 7

	


−1.10 (−1.77, −0.43)

0.06 (−0.22, 0.34)

	


0.003

0.652

	


−1.00 (−1.74, −0.26)

0.13 (−0.31, 0.56)

	


0.003

0.542

	


−0.10 (−0.20, 0.40)

0.07 (−0.42, 0.56)

	


0.480

0.774




	
BMI 8 (kg/m2)

- IG

- CG

	


−0.44 (−0.68, −0.20)

0.04 (−0.08, 0.16)

	


0.002

0.472

	


−0.43 (−0.66, −0.20)

0.04 (−0.13, 0.21)

	


0.001

0.619

	


0.01(−0.12, 0.13)

0.09 (−0.17, 0.18)

	


0.894

0.994




	
Waist circumference (cm)

- IG

- CG

	


−0.23 (−0.81, 0.34)

0.01 (−0.24, 0.26)

	


0.396

0.910

	


−0.08 (0.47, −0.63)

0.09 (−0.22, 0.41)

	


0.760

0.533

	


0.15 (0.23, 0.08)

0.08 (−0.19, 0.35)

	


0.001

0.533




	
Waist-to-height ratio

- IG

- CG

	


−0.001 (−0.005, 0.002)

0.001 (−0.0014, 0.0016)

	


0.449

0.888

	


−0.001 (−0.004, 0.003)

0.0004 (−0.0019, 0.0026)

	


0.709

0.738

	


0.001 (0.00003, 0.001)

0.0003 (−0.0017, 0.0022)

	


0.042

0.790




	
Body fat percentage

- IG

- CG

	


−0.24 (−0.70, 0.22)

0.02 (−0.37, 0.41)

	


0.282

0.914

	


−0.16 (−0.60, 0.28)

0.14 (−0.34, 0.62)

	


0.445

0.538

	


0.08 (−0.15, 0.31)

0.12 (−0.07, 0.31)

	


0.471

0.191








Note. 1 T1, pre-intervention; 2 T2, post-intervention; 3 T3, follow-up; 4 95%CI, 95% confidence interval; 5 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni correction was employed to test significance of the changes from T1 to T2, T1 to T3, and T2 to T3; 6 IG, intervention group; 7 CG, wait-list control group; 8 BMI, body mass index; bold text indicates significant results.
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Table 4. Between-group differences in obesity-related outcomes.
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	Outcome
	IG 1 (n = 15)

Mean ± SD 3
	CG 2 (n = 15)

Mean ± SD
	Adjusted Difference 4 (95%CI) 5
	p
	Partial η2





	Weight (kg)

- T1

- T2

- T3
	

67.45 ± 11.12

66.35 ± 10.91

66.45 ± 11.11
	

66.38 ± 14.03

66.44 ± 13.88

66.51 ± 13.63
	



−1.15 (−1.83, −0.46)

−1.10 (−1.79, −0.42)
	



0.002

0.003
	



0.303

0.297



	BMI 6 (kg/m2)

- T1

- T2

- T3
	

26.37 ± 2.74

25.93 ± 2.73

25.94 ± 2.73
	

26.24 ± 2.95

26.28 ± 2.96

26.28 ± 2.79
	



−0.48 (−0.74, −0.22)

−0.47 (−0.74, −0.21)
	



0.001

0.001
	



0.344

0.348



	Waist circumference (cm)

- T1

- T2

- T3
	

91.73 ± 5.36

91.50 ± 5.02

91.87 ± 9.42
	

91.57 ± 5.79

91.59 ± 5.69

92.83 ± 8.16
	



−0.24 (−0.81, 0.33)

−0.16 (−0.73, 0.40)
	



0.399

0.554
	



0.027

0.014



	Waist-to-height ratio

- T1

- T2

- T3
	

0.58 ± 0.04

0.57 ± 0.04

0.58 ± 0.04
	

0.58 ± 0.05

0.58 ± 0.05

0.58 ± 0.05
	



−0.01 (−0.05, 0.04)

−0.02 (−0.03, 0.01)
	



0.761

0.567
	



0.003

0.013



	Body fat percentage

- T1

- T2

- T3
	

29.95 ± 8.47

29.71 ± 8.24

29.79 ± 8.43
	

29.29 ± 6.48

29.31 ± 6.56

29.43 ± 6.63
	



−0.25 (−0.83, 0.33)

−0.30 (−0.94, 0.34)
	



0.387

0.347
	



0.028

0.034







Note. 1 IG, intervention group; 2 CG, wait-list control group; 3 SD, standard deviation; 4 Adjusted difference, the difference of the intervention group relative to the wait-list control group in ANCOVA, adjusted for covariates (baseline values were adjusted in the between-group difference at T2; baseline values and changes in puberty stage were adjusted in the between-group difference at T3); 5 95%CI, 95% confidence interval; 6 BMI, body mass index; bold text indicates significant results.
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Table 5. Within-group differences in HRPF-related outcomes.
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Outcome

	
Change from T1 1 to T2 2

(T2–T1)

	
Change from T1 to T3 3

(T3–T1)

	
Change from T2 to T3

(T3–T2)




	
Mean Difference (95%CI) 4

	
p5

	
Mean Difference (95%CI)

	
p

	
Mean Difference (95%CI)

	
p






	
6MWT 6 (m)

- IG 7

- CG 8

	


59.20 (27.19, 91.22)

−16.07 (−73.98, 41.85)

	


0.001

0.561

	


51.73 (20.39, 83.08)

−9.00 (−47.79, 29.79)

	


0.003

0.626

	


−7.47 (−34.61, 19.68)

7.07 (−26.86, 41.10)

	


0.565

0.662




	
30 s sit-to-stand (repetitions)

- IG

- CG

	


5.07 (2.40, 7.74)

0.47 (−1.27, 2.20)

	


0.001

0.574

	


3.47 (1.63, 5.30)

−0.07 (−1.10, 0.97)

	


0.001

0.483

	


−1.60 (−3.57, 0.37)

−0.53 (−1.80, 0.74)

	


0.104

0.383




	
1 min sit-ups (repetitions)

- IG

- CG

	


4.73 (0.61, 8.86)

2.53 (−0.05, 5.12)

	


0.023

0.055

	


5.07 (1.00, 9.12)

1.73 (−1.42, 4.88)

	


0.013

0.258

	


0.33 (−0.24, 0.91)

−0.80 (−4.12, 2.52)

	


0.409

0.613




	
Handgrip strength (kg)

- IG

- CG

	


3.07 (0.62, 5.52)

0.20 (−1.12, 1.52)

	


0.013

1.000

	


2.41 (0.03, 4.82)

0.54 (−0.75, 1.83)

	


0.049

0.818

	


−0.65 (−1.92, 0.62)

0.34 (−1.45, 2.13)

	


0.552

1.000




	
Sit-and-reach (right, cm)

- IG

- CG

	


5.42 (−1.13, 11.97)

1.79 (−2.60, 6.17)

	


0.123

0.397

	


4.85 (−3.85, 13.55)

0.27 (−4.14, 4.67)

	


0.455

0.899

	


−0.57 (−6.16, 5.03)

−1.52 (−5.37, 2.33)

	


1.000

0.411




	
Sit-and-reach (left, cm)

- IG

- CG

	


5.45 (−0.07, 10.98)

1.96 (−2.24, 6.16)

	


0.053

0.334

	


4.87 (−2.84, 12.58)

1.77 (−2.62, 6.17)

	


0.197

0.404

	


−0.59 (−4.51, 3.33)

−0.19 (−2.27, 1.88)

	


0.753

0.845








Note.1 T1, pre-intervention; 2 T2, post-intervention; 3 T3, follow-up; 4 95%CI, 95% confidence interval; 5 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni correction was employed to test significance of the changes from T1 to T2, T1 to T3, and T2 to T3; 6 6MWT, six-minute walk test; 7 IG, intervention group; 8 CG, wait-list control group; bold text indicates significant results.
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Table 6. Between-group differences in HRPF-related outcomes.
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	Outcome
	IG 1 (n = 15)

Mean ± SD 3
	CG 2 (n = 15)

Mean ± SD
	Adjusted Difference 4 (95%CI) 5
	p
	Partial

η2





	6MWT 6 (m)

- T1

- T2

- T3
	

417.93 ± 85.12

477.13 ± 76.28

469.67 ± 61.99
	

453.67 ±105.06

437.60 ± 92.74

444.67 ± 86.14
	



57.54 (3.20, 111.88)

45.59 (6.63, 84.55)
	



0.039

0.024
	



0.149

0.182



	30 s sit-to-stand (repetitions)

- T1

- T2

- T3
	

12.20 ± 4.21

17.27 ± 5.70

15.67 ± 5.50
	

13.47 ± 5.33

13.93 ± 6.08

13.40 ± 5.18
	



4.47 (1.36, 7.57)

3.48 (1.49, 5.47)
	



0.006

0.001
	



0.244

0.332



	1-m sit-ups (repetitions)

- T1

- T2

- T3
	

10.07 ± 8.78

15.60 ± 8.89

14.80 ± 7.74
	

10.67 ± 11.58

13.20 ± 11.20

12.40 ± 11.98
	



2.94 (−0.24, 6.11)

2.88 (−1.38, 7.15)
	



0.068

0.176
	



0.118

0.069



	Handgrip strength (kg)

- T1

- T2

- T3
	

15.45 ± 8.87

18.51 ± 6.28

17.86 ± 6.92
	

16.18 ± 9.31

16.38 ± 9.13

16.72 ± 9.84
	



2.74 (0.99, 4.49)

1.80 (−0.20, 3.79)
	



0.003

0.076
	



0.276

0.116



	Sit-and-reach (right, cm)

- T1

- T2

- T3
	

−0.52 ± 12.49

4.90 ± 6.85

4.33 ± 6.33
	

−2.76 ± 12.93

−0.97 ± 12.33

−2.49 ± 11.07
	



4.58 (−0.61, 9.77)

3.70 (−4.15, 11.55)
	



0.081

0.341
	



0.108

0.035



	Sit-and-reach (left, cm)

- T1

- T2

- T3
	

−0.93 ± 12.74

4.52 ± 5.69

3.93 ± 6.45
	

−4.45 ± 9.27

−2.49 ± 11.18

−2.69 ± 11.71
	



5.25 (−0.08, 10.58)

5.07 (−1.64, 11.79)
	



0.053

0.132
	



0.131

0.085







Note.1 IG, intervention group; 2 CG, wait-list control group; 3 SD, standard deviation; 4 Adjusted difference, the difference of the intervention group relative to the wait-list control group in ANCOVA, adjusted for covariates (baseline values were adjusted in the between-group difference at T2; baseline values and changes in puberty stage were adjusted in the between-group difference at T3); 5 95%CI, 95% confidence interval; 6 6MWT, six-minute walk test; bold text indicates significant results.
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Table 7. Within-group differences in blood pressure.
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Outcome

	
Change from T1 1 to T2 2

(T2–T1)

	
Change from T1 to T3 3

(T3–T1)

	
Change from T2 to T3

(T3–T2)




	
Mean Difference (95%CI) 4

	
p5

	
Mean Difference (95%CI)

	
p

	
Mean Difference (95%CI)

	
p






	
Systolic blood pressure (mmHg)

- IG 6

- CG 7

	


−6.80 (−14.93, 1.33)

−0.53 (−8.98, 7.91)

	


0.094

0.825

	


−2.87 (−13.70, 7.96)

1.07 (−11.25, 9.12)

	


0.579

0.825

	


3.93 (−6.45, 14.31)

−0.53 (−7.12, 6.05)

	


0.430

0.865




	
Diastolic blood pressure (mmHg)

- IG

- CG

	


−2.47 (−15.27, 10.34)

−0.93 (−12.85, 10.99)

	


0.686

0.869

	


3.53 (−5.06, 12.13)

0.93 (−13.67, 15.54)

	


0.393

0.893

	


6.00 (−3.88, 15.88)

1.87 (−8.07, 11.80)

	


0.214

0.693








Note.1 T1, pre-intervention; 2 T2, post-intervention; 3 T3, follow-up; 4 95%CI, 95% confidence interval; 5 one-way repeated measure ANOVA was performed to detect within-group differences, and post-hoc analysis with Bofferoni correction was employed to test significance of the changes from T1 to T2, T1 to T3, and T2 to T3; 6 IG, intervention group; 7 CG, wait-list control group.
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Table 8. Between-group differences in blood pressure.






Table 8. Between-group differences in blood pressure.





	Outcome
	IG 1 (n = 15)

Mean ± SD 3
	CG 2 (n = 15)

Mean ± SD
	Adjusted Difference 4 (95%CI) 5
	p
	Partial η2





	Systolic blood pressure (mmHg)

- T1

- T2

- T3
	

127.4 ± 13.61

120.60 ± 10.47

124.53 ± 17.14
	

127.73 ± 17.88

127.20 ± 14.19

126.67 ± 13.50
	



−6.48 (−14.91, 1.95)

−2.05 (−13.55, 9.45)
	



0.126

0.716
	



0.084

0.005



	Diastolic blood pressure (mmHg)

- T1

- T2

- T3
	

74.73 ± 17.94

72.27 ± 16.68

78.27 ± 12.57
	

78.8 ± 26.04

77.87 ± 20.22

79.73 ± 16.88
	



−4.20 (−17.12, 8.72)

−0.43 (−11.13, 10.27)
	



0.511

0.935
	



0.016

0.001







Note.1 IG, intervention group; 2 CG, wait-list control group; 3 SD, standard deviation; 4 Adjusted difference, the difference of the intervention group relative to the wait-list control group in ANCOVA, adjusted for covariates (baseline values were adjusted in the between-group difference at T2; baseline values and changes in puberty stage were adjusted in the between-group difference at T3); 5 95%CI, 95% confidence interval.
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